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Abstract: It is essential to understand the determinants of university students” decisions to engage
in sustainable energy behaviors, as this understanding has implications for the development of
communication and education strategies to promote sustainable energy behaviors. The present study
aims to investigate the impacts of affective and cognitive factors on sustainable energy behaviors
among university students. It will explore the affective factors of self-responsibility and social norms
and the cognitive factors of environmental concerns, perceived self-efficacy, perceived self-benefits,
and action knowledge about sustainable energy behaviors. A simple random technique was used
to select participants from undergraduate students at King Mongkut’s University of Technology
Thonburi (KMUTT) in Bangkok, Thailand. Questionnaire surveys were completed by 426 participants
in July and August 2020. Multiple regression analyses were used to test the ability of affective and
cognitive variables to predict university students” participation in sustainable energy behaviors.
The results revealed that participation in sustainable energy behaviors was significantly impacted
by the perceived benefit of sustainable energy behaviors, students’ concerns about climate change,
perceived self-efficacy, and social norms; self-responsibility and action knowledge had no significant
impact. These findings indicate that communication that focuses on climate change and approaches
that enhance students’ self-efficacy and the perceived benefits of sustainable energy behaviors could
help promote such behaviors among university students. The sustainable energy behaviors of other
social groups, including students’ family members and colleagues and the general public, are also
influential as they can motivate students to change their behavior.

Keywords: sustainable energy behaviors; self-responsibility; environmental concerns; social norms;
self-efficacy; perceived self-benefit

1. Introduction

Energy plays an important role in driving economic and social development and
enhancing quality of life in all countries [1]. However, the massive use of energy and the
emission of greenhouse gases due to energy production and consumption play a role in
climate change, which is now a global environmental crisis. Since the beginning of the
21st century, total global greenhouse gas emissions have risen steadily, due in large part to
increasing CO; emissions [2]. In the United States, transportation and electricity generation
significantly contributed to a two percent increase in greenhouse gas emissions from 1990
to 2019 [3]. Similarly, in Europe, one-third of greenhouse gas emissions over the same
period were due to the energy consumption and transportation of private households [4].
Moreover, population growth and economic development have exacerbated climate change
due to related increases in energy demand [5,6]. The Intergovernmental Panel on Climate
Change (IPCC) [7] demonstrates that global climate change has diverse negative effects on
human health, economic prospects, and ecosystems. Devastating climate-related events,
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such as extreme weather, flooding, and a decrease in the global food supply, have been
occurring more and more frequently [7].

In Thailand, from 2000 to 2020, total energy consumption in a number of sectors,
including transportation, industry, household use and agriculture, rose by 78.3% [8]. In
2017, the energy sector accounted for approximately 71.6% of overall greenhouse gas
emissions in Thailand [9]. This is clearly a high percentage. Moreover, from 2010 to
2017, the energy sector’s contribution to greenhouse gas emissions increased by 5.4%.
The Department of Alternative Energy Development and Efficiency (DEDE) [10] found
that approximately 23% percent of the total electricity consumption in Thailand in 2017
was from by the residential sector, and this proportion is increasing. From 2011 to 2017,
electricity demand in the residential sector increased from 32,799.46 GWh to 44,373.96 GWh,
an increase of approximately 5.2% per year [8]. A survey by Poolsawat et al. [11] finds that
in Thailand, many electrical appliances in household consume a great amount of electricity.
These inefficient appliances include air conditioners, water heaters, computers, clothes
irons, and refrigerators. Poolsawat et al. [11] also find that electricity consumption could
be reduced by approximately 13.7% if households switched to energy-efficient appliances.
Dubois et al. [12] state that using heating is one of energy use behaviors that greatly
contributes to household footprints in high-income European countries.

Population and economic growth, combined with current energy consumption be-
havior patterns, could greatly increase the demand for energy in the residential sector.
This could further exacerbate both global climate change and future energy scarcity. It is
essential, therefore, to encourage individuals in the residential sector to engage in sustain-
able energy behaviors (SEBs). Several scholars affirm that individual energy consumption
behaviors must change to mitigate climate change and environmental decline [13,14]. For
instance, Steg [15] finds that individuals” active participation in SEBs leads to reduced
CO; emissions. SEBs include using energy-efficient appliances, implementing energy-
efficient measures in buildings, adopting renewable energy sources and technologies, and
participating in energy reduction behaviors [16]. To promote active participation in SEBs,
various factors need to be explored because people have different attitudes, beliefs, and
levels of readiness to participate in such behaviors. Relevant theories and previous studies
indicate some factors that may influence pro-environmental behaviors (PEBs); these in-
clude environmental knowledge [17-19] attitudes towards SEBs [20], attitudes towards the
environment [21,22], social norms [20], and personal norms [23], as well as socio-economic
characteristics such as gender [24], age [25,26], income [27], and education level [28].

The present study explores the determinants of SEBs among university students, which
may differ from those of other types of pro-environmental behaviors. Some electricity-
saving behaviors in a household, or SEBs, require specific knowledge and efforts. Some of
these behaviors are complex and may impact a person’s daily comfort and convenience
levels. The present study focuses on individual factors that affect SEBs because, once the
determinants of these sustainable practices have been identified, this information can be
used to motivate behavioral changes in various ways. Individual cognitive and affective
factors may impact individual sustainable behaviors. Cognitive factors refer to ideas,
beliefs, and information; they facilitate an individual’s rational thought processes [29].
Cognitive factors that may impact sustainable behaviors include environmental awareness
or concerns [28,30,31], perceived behavioral control [32,33], and environmental knowl-
edge [31]. Affective factors are individual feelings or emotions that may drive individual
motivation to engage in SEBs. Affective factors include environmental responsibility [34,35]
and social norms [36].

Many previous studies have explored determinants of PEBs among university stu-
dents [37-39]. This current study emphasizes determinants of university students” SEBs
which some types of SEBs influence individuals’ comfort and convenience. Currently, no
studies have yet compared the predictive power of affective and cognitive factors which
influence university students’ participation in SEBs. Understanding the differences among
these factors can help researchers to develop effective communication strategies and educa-
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tion programs to promote SEBs among university students. In this way, the present study
aims to examine the impact of cognitive and affective factors on individual participation
in SEBs. A sample of university students at King Mongkut’s University of Technology
Thonburi in Bangkok, Thailand, were selected as participants. University students are well
educated and have access to environmental knowledge; thus, they are likely to actively
participate in SEBs.

2. Literature Review
2.1. SEBs

SEB are behaviors that lead to reduced or more efficient energy use or the adoption of
renewable energy [40]. Reducing energy use and CO, emissions are the primary goals of
SEBs. Individuals can participate in SEBs in various ways. However, Steg et al. [40] find
that adopting energy-efficient technology reduces energy use and CO, emissions more
effectively than individual behavior changes. In the residential sector, most SEBs involve
reducing electricity use. According to Steg et al. [16], switching to energy-efficient appli-
ances can significantly reduce a household’s energy consumption. In addition, individuals
may change or adjust their energy consumption behaviors by, for example, reducing the
length of showers, turning off lights, and unplugging appliances. Huber [41] proposes
that individuals can reduce their energy consumption by avoiding high-energy activities,
such as drying laundry in a machine and heating water in the summer. Some behavioral
changes can be implemented immediately, such as turning off lights and unplugging appli-
ances. Some behavioral changes require time and money, such as household retrofits and
implementing new, energy-efficient technology.

2.2. Cognitive Factors

Cognitive factors facilitate an individual’s rational thought processes around the
decision to engage in SEBs. Knowledge of energy saving activities is an important factor
that can enhance an individual’s ability to engage in SEBs. As indicated in many previous
studies, environmental knowledge may have both direct and indirect impacts on PEBs.
There are several types of knowledge such as environmental problem issues, ecological
and environmental systems, causes of environmental problems, and environmental related
actions. Different kinds of environmental knowledge have different ways of influencing
PEBs [42]. Many kinds of environmental knowledge might be a precondition for PEBs, but
they may not be a significant facilitator of the behaviors by themselves. However, many
studies have revealed that action knowledge could have a direct impact on PEBs [43,44].
Furthermore, a lack of action knowledge can be a major obstacle to an individual’s ability
to perform PEBs.

Regarding knowledge about SEBs, Attari et al. [45] find that many people still have
misconceptions about SEBs; for example, many people think that curtailment behaviors
such as turning off the lights save more energy than using energy-efficient appliances.
Many people still have limited knowledge of SEBs, which hinders their participation in
SEBs. For instance, many people think that the amount of electricity used by appliances that
are frequently used will be higher than the amount of electricity used by appliances that
are rarely used [46]. Lesic et al. [47] conclude that many people use their own experience
to judge how each appliance or behavior would consume or save energy. Some scholars
have found that higher levels of action knowledge can increase participation in PEBs and
SEBs [19,48,49], but some scholars have found no significant relationship between these
factors [50,51]. Regarding a study on SEBs among university students, Syaiful et al. [52]
find that university students’ energy saving behaviors are significantly impacted by action
knowledge about energy saving practices.

Besides action knowledge, individuals” decisions to participate in SEBs can be in-
fluenced by environmental concerns. Steg et al. [40] find that increased awareness of
the negative impact of one’s actions on the environment may cause people to avoid spe-
cific behaviors. In this way, people who are concerned about environmental problems
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and who connect these problems to their own behaviors can decide to take part in SEBs.
O’Connor et al. [53] find that people who are concerned about the environment have pos-
itive attitudes towards pro-environmental behaviors. Consequently, those people may
decide to engage in pro-environmental behaviors. Several studies have also found that
people who have personally experienced the consequences of climate change and who are
concerned about it are more motivated to engage in SEBs [54,55]. In contrast, some studies
have found that concerns about the environment do not significantly impact PEBs [56,57].
Similarly, Handoyo et al. [39] have also revealed that university students’ participation in
PEBs are not significantly contributed by environmental concerns.

Perceived self-efficacy is an important factor in many areas that has been investigated
in many studies. However, its power to predict pro-environmental behaviors could dif-
fer from case to case or group to group. According to the Theory of Planned Behavior
(TPB) [20,32], people are more likely to engage in a certain behavior if they have behavioral
control, which refers to a person’s level of comfort with a particular behavior. According to
Ajzen [32], behavioral control is one’s perception of the availability of the needed resources
and opportunities to engage in a particular action. Perceived behavioral control is also
impacted by self-efficacy [40], which Bandura [58] defines as a person’s perceived ability
to perform a certain behavior. Heath and Gifford [59] and Kellstedt et al. [60] find that
individuals with higher self-efficacy are more likely to engage in pro-environmental behav-
iors. In the case of university students, many studies also find that perceived self-efficacy
significantly influences PEBs [37,38].

The perceived benefits of SEBs are another cognitive factor that may impact SEBs.
Different types of SEBs require different degrees of effort and ability. Some SEBs are costly,
and some require significant effort. People evaluate the value of SEBs by comparing the
costs and benefits of a behavior [61]. Steg et al. [40] find that people prefer to engage in
SEBs with lower costs and higher individual benefits. The benefits of SEBs can involve
money or convenience [40]. For example, Harland et al. [62] find that people are more likely
to use energy-efficient light bulbs when they realize that this behavior is more favorable.

2.3. Affective Factors

Affective factors are related to an individual’s values, which can drive behavioral
changes. People may decide to engage in pro-environmental behaviors primarily be-
cause of their values. Schwartz [63] finds that people who recognize the impacts of
pro-environmental behaviors beyond their own self-interest are more likely to engage in
these behaviors. Perceived self-responsibility for protecting the environment is therefore
considered one potential predictor of pro-environmental behaviors. Self-responsibility
refers to an individual’s feeling of moral obligation to perform certain behaviors. Ac-
cording to Value-Belief-Norm Theory (VBN) [64], self-responsibility for protecting the
environment is based on a person’s perception of the value of the environment. The more
value a person places on the environment, the more they feel responsible for protecting
it. Bolderdijk et al. [65] also find that engagement in SEBs is influenced by moral consid-
erations related to environmental values. Similarly, the study of Yusliza et al. [37] finds
that self-responsibility significantly influences university students’ participation in PEBs
including electricity-saving behaviors.

Social norms are another factor that may impact SEBs, because individuals engage in
SEBs based not only on individual interest, but also on social pressure. Therefore, individu-
als may decide to engage in pro-environmental behaviors due to their perceptions of the
social acceptance of particular behaviors. According to the TPB [20,32], social norms sig-
nificantly impact behavioral intention, which, in turn, leads to behaviors. Nolan et al. [66]
report that people are more likely to engage in pro-environmental behaviors when they see
that those behaviors are accepted by the general public. Stokes et al. [36] find that people
with a sense of courtesy and perceived self-responsibility for protecting the environment
are more likely to engage in pro-environmental behaviors. The study of Goto et al. [67]
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reveals that social norm plays an important role in promoting energy saving behaviors
among university students in Vietnam.

Besides the cognitive and affective factors which possibly influence individuals’ partic-
ipation in PEBs and SEBs, many previous studies also explored roles of socio-demographic
factors in predicting PEBs and SEBs, such as education [42,68,69], gender [42,68] in-
come [42,70], and age [42,68,71]. However, this study intends to explore only factors
related to individuals’ cognitive and affective decisions so that appropriate education
strategies to promote SEBs among university students can be proposed. By understanding
the impacts of affective and cognitive factors on sustainable energy behaviors among
university students, instructors or educators can decide which pieces of information should
be integrated in learning and teaching activities.

3. Theoretical Framework

The purpose of this study is to examine whether cognitive and affective factors can
predict the SEBs of university students (See Figure 1). SEBs in this study are defined as
household energy-saving behaviors that university students can engage in. They include
using energy-efficient appliances, curtailment behaviors, such as turning off lights and
air conditioners when not in use, efficient use of electricity, such as cleaning electrical
appliances to improve their efficiency, and avoidance activities, such as not using hot water
for showers in the summer and not using air conditioners in the winter. The independent
variables in the study are cognitive factors, including environmental concerns, perceived
self-benefits, perceived self-efficacy, and level of action knowledge.

‘ Self-responsibility

Social norms ‘
Environmental concerns \
- Sustainable Energy

Energy scarcity
- Climate change

Affective
Factors

Behaviors

Perceived self-benefits

Cognitive Factors

’ Perceived self-efficacy

‘ Action knowledge

Figure 1. Conceptual framework of the study.

Environmental concerns refer to an individual’s awareness of the connection between
energy usage and environmental problems, such as climate change and energy scarcity.
Environmental concerns can enable people to recognize the urgency of taking appropriate
actions to reduce environmental problems. Additionally, environmental concerns may
contribute to people’s perceived individual risks associated with environmental problems,
which in turn contribute to their motivation to perform environmentally friendly actions.
In another aspect, many scholars believe that participation in PEBs can be based on moral
judgement [30,72]. When people are concerned about the environmental impacts caused
by their own practices, they might feel guilt for destroying the environment [73]. In this
study, it is expected that people with high levels of environmental concern are more likely
to engage in SEBs [53-55].

Perceived self-benefits refer to expected individual benefits from participation in SEBs,
which may involve reduced costs or greater convenience. For instance, energy-saving
behaviors could reduce monthly energy costs. In addition, energy-efficient appliances are
available in many stores and can be easily and conveniently serviced if they break. Accord-
ing to the Attitude-Behavior-Context theory [64], situational factors, such as monetary
incentives, legal support, or available infrastructures or services, to support adoption of
PEBs can directly influence people’s decision to participate in PEBs. These situational fac-
tors contribute to people’s convenience or monetary benefits which potentially encourage
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the participation in PEBs. Therefore, it is expected that higher perceived benefits would
lead to higher levels of participation in SEBs [40,61].

Perceived self-efficacy refers to an individual’s perceived capability to engage in
SEBs [51]. A lack of self-efficacy can limit participation in SEBs. According to TPB [20],
perceived self-efficacy could affect perceived behavioral control, which, in turn, determines
one’s decision to participate in PEBs. Therefore, it is expected that people with high
perceived self-efficacy are more likely to participate in SEBs [59,60].

The level of action knowledge refers to an individual’s action knowledge about SEBs.
In fact, there are diverse kinds of knowledge related to energy issues such as energy related
problems or sources of renewable energy. However, when it comes to the decision to
participate in SEBs, action knowledge is important [42]. Regarding the action knowledge
about SEBs, there are many different household SEBs in household, and some types of SEBs
are complex. Previous studies have revealed that levels of knowledge about electricity
saving could directly predict one’s decision to participate in energy saving behaviors [74,75].
Lack of energy saving knowledge can hinder individuals’ abilities to adopt SEBs [62]. Some
types of SEB participation require specific skills and knowledge such as the management
of electricity use and the maintenance of electrical appliances. Thus, people who possess
action knowledge are likely to perform SEBs. It is expected that people with higher levels
of action knowledge about SEBs are more likely to engage in SEBs [48,49].

This study also explores the role of two affective factors, self-responsibility and social
norms, in driving SEBs. An individual’s decision to participate in SEBs may be based
on perceived values, particularly social and environmental values. A high perception of
the environmental value of SEBs can increase self-responsibility, while a high perception
of the social value of SEBs can motivate individuals to adhere to social norms around
SEBs. Schwartz [63] proposes the Norm-Activation Model, which indicates that one’s self-
responsibility relatively influences personal norms, which, in turn, affect moral behaviors.
Similarly, VBN theory [64] also indicates that self-responsibility affected by perceived
environmental values can directly influence PEBs. TPB [20,32] emphasizes the role of
social norms in predicting one’s behavioral intention, which could finally lead to actual
behaviors. Therefore, it is expected that people with high self-responsibility for protecting
the environment [63-65] and those with high perceptions of pro-environmental social
norms [20,32,66] are more likely to participate in SEBs.

4. Methods
4.1. Research Tools

A questionnaire was used to collect data. Self-reports were used to measure the
dependent variable, participation in SEBs [76]. The participants were asked about the
frequency with which they engage in each type of SEB; responses used a five-point Likert
scale ranging from 1, “never” to 5, “always” [77]. To measure the independent variables,
including environmental concerns, perceived self-efficacy, perceived self-benefits, action
knowledge, self-responsibility, and social norms, questions were developed based on the
relevant theories and concepts.

Regarding environmental concerns, Franzen and Meyer [78] define this term as indi-
viduals” awareness of the contribution of resource overuse to environmental degradation
and related problems. This study applied the definition of Franzen and Meyer [78] to
define environmental concerns in the energy context as an individual’s awareness of the
connection between energy usage and environmental problems such as climate change
and energy scarcity. In measuring participants” environmental concerns, participants were
asked to indicate how aware they were of environmental problems caused by energy usage
behaviors.

Using the definition of Bandura [58], perceived self-efficacy related to SEBs was
defined as the belief that one is able to perform SEBs. Questionnaires for measuring
perceived self-efficacy were adapted from Chen et al. [79]. Perceived benefit in this study
was defined as expected individual benefits from participation in SEBs, which may involve
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reduced costs or greater convenience [40,61]. Participants were asked whether they were
concerned about these types of benefits when they were deciding to perform SEBs.

For measuring action knowledge, participants’ self-reported knowledge of energy-
saving actions was employed [42]. Participants were asked to indicate whether they are
aware of sustainable energy practices. In measuring participants’ self-responsibility, the
participants were asked to indicate their feelings of responsibility to perform SEBs. The
questions were adapted from Garling et al. [80]. For the measurement of social norms, the
measurement aimed to measure the influence of other people’ practices on the participants’
decision to engage in SEBs. The questionnaires were adapted from Lo et al. [81].

Table 1 shows the types of questions used to measure all the variables. The developed
questionnaire was tested to confirm its validity and reliability. Content validity was
tested using the face validity technique. Next, reliability was tested with a sample of
thirty undergraduate students who were not included in the final study. The internal
consistency of the scales were tested using Cronbach’s alpha. Cronbach’s alpha for the
entire questionnaire was greater than 0.70, indicating that the items are reliable.

Table 1. Sample questionnaire questions.

Variables

Questions Response Categories

1. Sustainable Energy
Behaviors
(dependent variable)

1. T'usually use energy-efficient appliances.
2. I always unplug electrical appliances when I am not using them.
3. In the summer, I avoid showering in hot water.
4. I switch off the air condition if I'm not using it for at least 30 min.
5. If the weather is good, I do not turn on an air conditioner.
6. I clean the air conditioner at least once a month.
7.1 avoid completely filling the refrigerator.
8. I switch off the lights when no one is using the room.
9. I always unplug chargers after the batteries of electrical appliances
are full.
10. I hang my clothes to dry unless it’s necessary to use a dryer.

5= Always
1 = Never

2. Self-responsibility

I am responsible for saving electricity in my residential building, even
at the sacrifice of my personal comfort. 5 = Completely agree
Although energy-efficient appliances are more expensive, I would be 1 = Completely disagree
willing to purchase energy-efficient appliances.

3. Social norms

Most of my family members participate in sustainable energy
behaviors.
Most people participate in and prefer sustainable energy behaviors.
I think I should participate in energy-saving behaviors because most

5 = Completely agree
1 = Completely disagree

4. Environmental concerns

people do it.
I am aware that energy resources are scarce and that massive
household use of electricity contributes to this problem. 5 = Completely agree
I am aware of global climate change, which is caused by massive 1 = Completely disagree

production and consumption of electricity.

5. Perceived benefits

I participate in household energy-saving behaviors mostly to
save money. 5 = Completely agree
I think energy-efficient appliances are more convenient because they 1 = Completely disagree
are widely available and easily repaired or serviced.

6. Perceived self-efficacy

I can reduce the electricity used in a residential building. 5 = Completely agree
It is not difficult for me to participate in sustainable energy behaviors. =~ 1= Completely disagree
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Table 1. Cont.

Variables

Questions Response Categories

7. Action knowledge

1. Do you think that electrical appliances with eco labels help save
electricity?
2. Do you know that regularly maintaining or checking electrical
appliances can help save electricity?
3. Do you know it is important to consider BTU to select the right air
conditioner for your room?
4. Do you know that setting air conditioner temperatures to 25-26 °C
can help save electricity?
5. Do you know that a house that is cooled by a ventilation system uses Yes
less electricity? No
6. Do you know that putting electrical appliances that generate heat in
the same room as an air conditioner decreases the energy efficiency of
the air conditioner?
7. Do you know that placing a refrigerator fifteen centimeters from the
wall can help save electricity?
8. Do you know that LED light bulbs consume less electricity than
compact fluorescent lamps?
9. Do you know a house or building with a light-colored facade is
cooler than one with a dark-colored facade?

4.2. Participants

The participants in this study were undergraduate students at King Mongkut’s Univer-
sity of Technology Thonburi (KMUTT) in Bangkok, Thailand. In 2020, 11,352 undergraduate
students were enrolled at the university, including 5899 male students and 5433 female
students. The appropriate sample size for this study was calculated using the Yamane
formula [82] with a 95.0% confidence level. This calculation indicated that approximately
386 participants were needed. Random sampling was used to select the participants. All
participants were informed about the study objectives and that no negative impacts from
participation were expected, and all participants provided written consent to participate
before the data were collected. Questionnaires were sent to 500 undergraduate students.
Of these, 442 questionnaires, or 88.4%, were returned. After checking their suitability for
the data analysis, sixteen questionnaires were excluded because they were incomplete;
therefore, a total of 426 samples were included in the data analysis.

4.3. Data Collection and Analysis

This study was approved by the research ethics committee of the School of Liberal
Arts, KMUTT. Data were collected from undergraduate students from May to June 2020. All
collected data were statistically analyzed. First, the internal consistency of the scales used
to measure the dependent and independent variables was tested by calculating Cronbach’s
alpha, which must greater than 0.70. Cronbach’s alpha was 0.75, indicating that the survey
data are reliable. Second, for the measurement of students’ SEBs which include 10 items,
Pearson correlation was performed to test convergent validity [83]. Pairwise correlations
between items were examined. Correlation coefficients <0.3 were considered negligible,
a value between 0.3-0.5 as moderate and a value >0.5 as strong [83]. Items which were
not significantly correlated with other items and contain low correlation coefficient values
(r < 0.3), were excluded from the calculation of students” SEBs. Then, Cronbach’s alpha
coefficient was calculated to assess the internal consistency reliability of the scales used for
the measurement of students’ SEBs. Finally, a multiple linear regression was conducted
to determine whether cognitive and affective factors could predict university students’
participation in SEBs.
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5. Results
5.1. Demographic Characteristics

The participants included similar proportions of male and female students: 46.9%
and 53.1%, respectively. Most participants were engineering students (54.7%); 19.4% were
enrolled in the School of Architecture and Media Arts, and 3.5% were enrolled in the School
of Information Technology. The largest cohort was students in their fourth year of study
(48.4%). More than half lived in their own house (56.3%), and approximately 40% lived in a
dormitory (see Table 2).

Table 2. Participant characteristics (n = 426).

Participant Characteristics n Y%
Gender Male 200 46.9
Female 226 53.1
Engineer 233 54.7
Sciences and Technology 58 13.6
Major Technological Education 37 8.7
Information Technology 15 3.5
Architecture and Media Arts 83 194
1st year 105 24.6
2nd year 62 14.6
School Year 3rd year 53 12.4
4th year 206 48.4
Dormitory 161 37.8
Accommodation Rental House 14 3.3
Own House 240 56.3
Relative’s house 11 2.6

5.2. Descriptive Statistics for the Study Variables

Table 3 presents descriptive statistics for the study variables. The results show that
most participants reported high engagement in avoidance activities related to electricity
usage, such as not using a clothes dryer (M = 4.68, SD = 0.694) and not using air conditioning
in winter (M = 4.35, SD = 0.811). Participation in curtailment behaviors, such as switching
off lights (M = 4.30, SD = 0.831) and air conditioners (M = 4.23, SD = 0.949) when not using
them was also high. Fewer participants reported efficient use of refrigerator space to save
energy (M = 2.59, SD = 1.046) or reduced use of hot water in summer (M = 3.48, SD = 1.406).

The average score for self-responsibility was 3.94 (SD = 0.725). Social norms had an
average score of 3.81 (SD = 0.728). Regarding environmental concerns, the average score
for concerns about energy scarcity was 3.89 (SD = 0.810); the average score for concerns
about climate change was 4.06 (SD = 0.829). Perceived benefits had an average score of
4.14 (SD = 0.671). The average score for action knowledge was 7.94 (SD = 1.477).
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Table 3. Descriptive statistics (1 = 426).
Variables Indicators Mean SD
1. I usually use energy-efficient appliances. 4.19 0.807
2. T always unplug electrical appliances when I am not using them. 3.82 0.927
3. In the summer, I avoid showering in hot water. 3.48 1.406
4. I switch off the air condition if I'm not using it for at least 30 min. 4.23 0.949
5. If the weather is good, I do not turn on an air conditioner. 4.35 0.811
6. I clean the air conditioner at least once a month. 3.73 0.977
Sustainable Energy Behaviors - — -
7. I avoid completely filling the refrigerator. 2.59 1.046
8. I switch off the lights when no one is using the room. 4.30 0.831
9. I always unplug chargers after the batteries of electrical appliances
3.84 0.985
are full.
10. I hang my clothes to dry unless it’s necessary to use a dryer. 4.68 0.694
Average Score 3.92 0.943
I am responsible for saving electricity in my residential building,
2 4.07 0.836
even at the sacrifice of my personal comfort.
Self-responsibilit Although energy-efficient appliances are more expensive, I would be
P Y ., - . 3.84 0.932
willing to purchase energy-efficient appliances.
Average Score 3.96 0.725
Most of my family members participate in sustainable energy 3.80 0.880
behaviors.
Most people participate in and prefer sustainable energy behaviors. 3.96 0.828
Social Norms . . . . .
I think I should participate in energy-saving behaviors because most 3.68 1.004
people do it. ' '
Average Score 3.81 0.728
I am aware that energy resources are scarce and that massive 3.89 0.810
household use of electricity contributes to this problem. ' ’
Environmental Concerns - s .
I am aware of global climate change, which is caused by massive 406 0.829
production and consumption of electricity. ' ’
I participate in household energy-saving behaviors mostly to save 408 0.831
money.
Perceived Self-benefit I think energy-efficient appliances are more convenient because they
. . . : . 4.20 0.799
are widely available and easily repaired or serviced.
Average Score 4.14 0.671
I can reduce the electricity used in a residential building. 3.90 0.85
Perceived Self-efficacy It is not difficult for me to participate in sustainable energy behaviors. 4.05 0.87
Average Score 3.97 0.86
Action Knowledge Average Score of Action Knowledge * 7.94 1.477

Note: * Total score of 9.

5.3. SEBs

First, the results of the Pearson correlation analysis revealed that most of the SEB
items were positively correlated with one another (see Table 4), and each item mostly had
correlation coefficient values greater than 0.3 [84]. Only items 3 and 7 had correlations
with other items that were mostly not statistically significant. Therefore, these items,
including “In the summer, I avoid showering in hot water” and “I avoid completely filling
the refrigerator” should be excluded. After these two items were excluded, the reliability
test was performed. The result showed that Cronbach’s alpha was 0.705, indicating that the
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scales are reliable. All items, excluding items 3 and 7, were therefore combined to represent
the dependent variable.

Table 4. Correlations among SEB items (1 = 426).

SEBs

1 2 3 4 5 6 7 8 9 10

1. T'usually use
energy-efficient appliances.

2. Talways unplug electrical
appliances when I am not
using them.

0.345 ** 1

3. In the summer, I avoid
showering in hot water.

—0.016 —0.051 1

4. I switch off the air
condition if I'm not using it
for at least 30 min.

0.306 **  0.369 ** 0.007 1

5. If the weather is good, 1
do not turn on an
air conditioner.

0.398 **  0.366 ** 0.033 0.320 ** 1

6. I clean the air conditioner
at least once a month.

0.330** 0.302* —0.090 0.335** 0.329 ** 1

7. I avoid completely filling
the refrigerator.

-0.082 —0.092 0.370 ** 0.035 0.026 —0.126 ** 1

8. I switch off the lights
when no one is using
the room.

0.303** 0.392**  0.023 0.333** 0.321*  0.258 ** —0.031 1

9. I always unplug chargers
after the batteries of
electrical appliances are full.

0.339* 0416* —0.014 0.262* 0303*  0.262** —0.037  0.477 ** 1

10. I hang my clothes to dry
unless it’s necessary to use
a dryer.

0.423* 0301* 0074  0.382* 0353*  0.355** —-0.009 0.355* 0.309* 1

Note: ** p < 0.01.

5.4. Influence of Cognitive and Affective Factors on Engagement in SEBs

A multiple regression analysis was then performed to test whether the cognitive and
affective variables could predict SEBs. First, all independent variables were included in the
multiple linear regression analysis to test their significant effect on the dependent variable,
the participation in SEBs. The result revealed four significant variables including social
norms, concerns about climate change, perceived self-benefit, and perceived self-efficacy.
Then, all significant variables were included in a multiple linear regression analysis again,
and the result showed that the linear combination of the cognitive and affective variables
could significantly predict participation in SEBs (F (4, 421) = 81.608; p = 0.000) (see Table 5).
The multiple correlation coefficient (R) was 0.661, and R? was 0.437. This means that
approximately 43.7% of the variance in participation in SEBs can be predicted by the linear
combination of these four variables. The data were also checked for multicollinearity. The
VIF values ranged from 1.340 to 1.726, meaning that there was no multicollinearity problem.
The result also showed that four variables could significantly predict participation in SEBs.
These variables were social norms (3 = 0.146, p < 0.001), concerns about climate change
(B =0.266, p < 0.001), perceived self-benefits (3 = 0.288, p < 0.001), and perceived self-
efficacy (3 = 0.147, p < 0.001). The beta values indicate that perceived self-benefits was the
most powerful variable, followed by concerns about climate change, perceived self-efficacy,
and social norms. All of these variables significantly and positively influenced SEBs among
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university students. Self-responsibility and action knowledge did not significantly impact
the dependent variable.

Table 5. Regression analysis for variables impacting the learning effectiveness of online
classes (n = 426).

1st Step
Variable B SE [§) VIF t
Self-responsibility —0.013 0.03 —0.019 1.502 —0.442
Social norms 0.093 0.029 0.135 ** 1.367 3.21
Concerns about national energy —_ g3 0027  —0.048 1437  —1128
scarcity
Concerns about climate change 0.157 0.029 0.260 ** 1.774 5.443
Perceived self-benefit 0.186 0.034 0.249 ** 1.66 5.389
Perceived self-efficacy 0.167 0.033 0.255 ** 1.96 5.089
Action knowledge 0.015 0.012 0.045 1.03 1.24
R 0.681
R? 0.463
Adjusted R? 0.454
F for change in R? 51.521
2nd Step
Significant Variable B SE B VIF t
Social norms 0.088 0.026 0.146 ** 1.384 3.402
Concerns about climate change 0.161 0.027 0.266 ** 1.518 5.909
Perceived self-benefit 0.188 0.031 0.288 ** 1.726 5.984
Perceived self-efficacy 0.101 0.029 0.147 ** 1.340 3.465
R 0.661
R? 0.437
Adjusted R? 0.431
F for change in R? 81.608

Note: ** p < 0.01.

6. Discussion and Conclusions

This study has examined whether cognitive and affective factors can predict university
students’ participation in SEBs. First, the results show the levels of participation in each
type of SEBs. Most participants reported very high participation in the avoidance of high-
energy activities, such as not using a tumble drier when doing laundry, and not using an
air conditioner when the weather is good. They made use of weather conditions for their
energy usage activities. It is possible that participants were aware of the additional expense
of using those appliances, and they preferred other options which require less costs or no
costs. However, there is an exceptional case insofar as many participants still reported a
high level of participation in using hot water for showers in the summer. It is possible
that they were used to this type of practice and did not realize the benefit brought about
by avoidance of showering in hot water. The avoidance of electricity-wasting activities,
such as switching off lights and air conditioning, were also highly participated in by study
participants. These types of activities can be immediately practiced without requiring
a lot of time and effort. However, participants reported a high level of participation in
some types of electricity-wasting activities, such as not unplugging electrical appliances.
Although these electricity-saving activities can be easily performed, the participants might
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have not realized the importance of these practices for energy consumption reduction. The
level of participation in using energy-efficient appliances, which is considered to be an
effective measure to reduce a household’s energy consumption [16], was high. Participants
might have some knowledge about energy-efficient appliances which could reduce both
energy use and CO, emissions [40]. Notably, when compared to the participation in
other SEBs, the levels of participation in effective use of appliances (such as avoidance
of completely filling the refrigerator) and maintenance of electrical appliances (such as
cleaning the air conditioner at least once a month) were low. This implies that university
students should be given more education about these types of SEBs.

Second, multiple regression analyses showed that three cognitive factors and one
affective factor could significantly predict university students’ participation in SEBs. Three
cognitive factors—perceived self-benefit, concerns about climate change, perceived self-
efficacy—had significantly more predictive power than the significant affective factor,
social norms. This means that university students’ decisions to engage in SEBs are based
primarily on cognitive thought processes. Among the significant cognitive factors, per-
ceived self-benefit was the most powerful predictor. The results showed that higher
perceived convenience and financial benefits led to higher engagement in SEBs. As stated
by Thegersen [61], people evaluate the value of SEBs by comparing the costs and benefits
of a behavior. Additionally, according to Attitude-Behavior—-Context theory [64], some
situational factors which can generate benefits from the participation in PEBs can encourage
people’s PEBs. Steg et al. [40] find that a better understanding of the individual benefits of
SEBs increases the likelihood that individuals will engage in SEBs. Harland et al. [85] also
find that people who are concerned about individual benefits are more likely to purchase
energy-saving light bulbs. Similarly, Hien and Chi [86] also find that household electricity
saving behaviors are strongly influenced by perceived benefits.

University students” concerns about climate change are also a strong predictor of
students’ participation in SEBs. This means that students who understand the impact of
individual energy consumption behaviors on climate change are more likely to engage
in SEBs. Rudman et al. [54] and Akerlof et al. [87] also report that promoting individual
concerns about climate change could significantly increase SEBs. To promote SEBs among
university students, information about climate change could be incorporated into the
study curriculum. Guy et al. [88] and Tobler et al. [89] suggest that enhancing people’s
understating of climate change and its possible causes could increase their concern about
it. In our sample, students’” concerns about national energy scarcity did not significantly
effect SEBs.

Notably, students” action knowledge about SEBs was also not a significant factor.
This implies that students with high knowledge of SEBs may still decide not to engage in
these behaviors. However, the results show that perceived self-efficacy, or an individual’s
perceived ability to perform SEBs, significantly predicts SEBs. This implies that providing
knowledge about SEBs is not sufficient to drive behavioral change; students’ perceived
efficacy should also be promoted to drive behavioral change. For instance, students could
be offered practical training on difficult SEBs, such as cleaning air conditioners. It should
also be noted that some types of SEBs can be costly. This may also minimize students’
perceived self-efficacy to engage in these behaviors. Diaz et al. [90], Abraham et al. [91], and
Huang [92] also report that self-efficacy significantly predicts pro-environmental behaviors.
Similarly, Lee and Tanusia [93] report a significant relationship between self-efficacy and
energy conservation intention, but Niehoff [94] finds no significant relationship between
self-efficacy and household energy-saving behavior.

Of the affective factors studied here, only social norms were significant. This finding
can be supported by TPB theory which states that social norms influence behavioral
intention and lead to the behavior. However, this study found that social norms influenced
students’ participation in SEBs less than the cognitive variables. In contrast with this study,
the study of Du and Pan [95] did not find a significant effect of social norms on PEBs of
university students.
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Self-responsibility did not significantly impact SEBs. This implies that students who
have positive attitudes towards the environment and feel responsible for protecting it still
may not engage in household SEBs. It is possible that participation in SEBs requires more
time, effort, and resources than participation in other types of PEBs; thus, it relies more on
other important factors such as capability, available resources, and situational factors. This
finding contradicts the Norm-Activation Model [63] and VBN theory [64] which indicate
that self-responsibility can be associated with moral behaviors such as PEBs and SEBs. The
study of Du and Pan [95] also reports that university students’ energy saving intention,
which is significantly associated with energy saving behaviors, can be greatly predicted by
personal norm.

For this study, it can be suggested that benefits or outcomes from the participation
in each type of SEBs should be clearly communicated to university students, particularly
monetary benefit, convenience, and energy consumption reduction. This is because stu-
dents’ decisions to participate in SEBs are mainly based on their perceived self-benefits.
In addition, universities should provide students with more specific knowledge about
energy, including information about climate change and the environmental impacts of
energy consumption. These pieces of information could enable students to recognize the
urgency of taking actions to prevent the adverse impacts of climate change. As mentioned
above, students’ concerns about climate change impact their decisions to engage in SEBs.
Social norms can play an important role in driving SEBs among university students. This
implies that students who believe that SEBs are socially accepted may be more likely
to engage in SEBs. Some scholars also find that individuals are more likely to engage
in SEBs if they believe that the general public approves of SEBs [66,85]. Lee and Tanu-
sia [93] and Lingyuna et al. [96] find that social norms can predict energy consumption
behavior intention.

In conclusion, the findings show that students” decisions to participate in SEBs are
primarily based on cognitive factors, which facilitate rational thought processes. Significant
factors include concerns about the impact of energy behaviors on climate change, perceived
self-efficacy, and perceived self-interest. To promote SEBs among university students,
students should be educated about the effects of energy behaviors on climate change, about
how to engage in difficult or complicated SEBs, and about the potential benefits of SEB
participation. Moreover, social norms play an important role in driving behavioral change.
Participation in SEBs by other university groups, such as staff and lecturers, also influence
students’ decisions. Therefore, SEBs should be promoted among staff and lecturers as well
as students.

7. Limitations of the Study

There are some limitations which should be addressed. This study employed self-
reporting for measuring action knowledge about sustainable energy behaviors. This may
cause some biases in measuring the actual action knowledge possessed by participants. In
addition, this study focused only cognitive and affective variables, whereas socio-economic
characteristics of university students and basic environmental knowledge are not included
in this study. It is possible that SEBs may be associated with these socio-economic variables
and basic environmental knowledge. Most importantly, the majority of participants in this
study were in fourth year of a bachelor’s degree, and all of them were studying in the
field of Sciences and Technology. Therefore, the results might not be generalizable for all
university students.
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