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Energy conservation is a necessary form of green behaviour, as energy
production and consumption gravely affect the climate. The current study
aimed to explore energy conservation behaviour among Chinese households
based on the value-belief-norm framework. This study used a cross-sectional
design and collected quantitative data from 1671 respondents through an online
survey. The hybrid analysis techniques of partial least squares structural
equation modelling and artificial neural network analysis were used to
analyse the data. Findings revealed that biospheric values have a positive and
significant effect on pro-environmental beliefs, awareness of consequences,
and ascription of responsibility, which ultimately explains 46.3% of the change in
personal norms and 42.6% of the change in green trust. The results shed light on
the significant positive impact of green trust and personal norms on the energy
conservation intention. Green trust and personal norms can elucidate 27.3% of
the change in energy conservation intention. The energy conservation intention
(39.1%) explains the energy conservation behaviour. The results of ANN analysis
revealed energy conservation intention, personal norms, green trust, and
awareness of consequences as the four most significant contributors to the
formation of energy conservation behaviour. The current study extended the
VNB model with the green trust. It offered empirical evidence on the effects of
pro-environmental belief, awareness of consequences, and ascription of
responsibility concerning energy conservation intention. Energy policies
should thus concentrate on addressing energy conservation behaviour,
promoting energy-efficient household appliances, and rewarding energy
conservation by lowering energy prices for low-energy users.

KEYWORDS

energy conservation, value-belief-norm model, consumption behaviour, household
energy consumption, China

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fenrg.2022.954595/full
https://www.frontiersin.org/articles/10.3389/fenrg.2022.954595/full
https://www.frontiersin.org/articles/10.3389/fenrg.2022.954595/full
https://www.frontiersin.org/articles/10.3389/fenrg.2022.954595/full
https://www.frontiersin.org/articles/10.3389/fenrg.2022.954595/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fenrg.2022.954595&domain=pdf&date_stamp=2022-11-22
mailto:mamun7793@gmail.com
mailto:almamun@ukm.edu.my
https://doi.org/10.3389/fenrg.2022.954595
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org/journals/energy-research#editorial-board
https://www.frontiersin.org/journals/energy-research#editorial-board
https://doi.org/10.3389/fenrg.2022.954595

Al Mamun et al.

Introduction

The electricity consumption represents the country’s
national development and prosperity. However, economic
development has caused the most significant damage to the
climate (Maichum, Parichantnon, & Peng, 2016). Elevated
energy consumption also depicts the intensification of global
climate issues and seriously causes environmental pollution
through the production and distribution of electricity (Song,
Bilsoborrow, Jagger, Zhang, Chen, & Huang, 2018). China is the
world’s most populated nation, with about one-third of the
population living in the urban area and enjoying civic utilities
(Sheng, Cao, & Xue, 2018). A typical Chinese household’s annual
energy consumption equals 1426 kg of coal-burning (China
Electricity Council, 2021). The household per capita electricity
consumption demand increased gradually from 115kWh in
2000 to 722kWh in 2018 (China Electricity Council, 2021).
The energy consumption increased, and the household energy
consumption’s carbon dioxide (CO,) emission amounted to 40%
of the total CO, emission in China (Mao, Qiu, Li, Tang, Deng, &
Zheng, 2020). The energy consumption represents an improved
lifestyle and higher dependence on the use of electronic utensils
(Nie, Kemp, Xu, Vasseur, & Fan, 2018).

China’s electricity generation mainly relies on coal, forming
65% of the total energy supply, followed by a hydro-based power
supply (China Electricity Council, 2021). The recent power
outage in China impacted production and caused the
shutdown of many production plants in the north-eastern
provinces (Pak, 2021). Responsible energy consumption at the
household and commercial levels is the key to addressing China’s
rising demand (Ma, Wang & Li, 2020). Inclusive efforts are
required to mitigate climate change and practice responsible
citizenship behaviour (Liu, Zou, Wu, 2018). Responsible energy
consumption is the need of the hour, and general households
have to take charge and reduce their energy consumption
practices. The growing population causes higher energy
demand as households to use electricity to run equipment like
television, refrigerator, air conditioning systems, and many more
(Mao et al.,, 2020). United Nations (UN) developed sustainable
development goals (SDGs) for 2030, which 189 UN member
countries endorsed in 2016. As a responsible member of the UN
and signatory of SDGs, China has taken proactive actions to
mitigate climate issues and promoted energy conservation
behaviour (Nie et al., 2018).

Energy conservation behaviour

Social and economic factors influence household energy
consumption, and household composition plays a significant
role in energy conservation behaviour (Nie et al, 2018).
However, personal values and beliefs initiate the norms to
mitigate climatic issues (Lopez-Mosquera & Sanchez, 2012).
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Energy conservation or reducing unnecessary energy usage
prompts the personal belief system that protecting the
environment is indispensable (Sheng et al., 2018).

The changing pattern of urbanization and lifestyle changes
build households’ augmented need for electricity (Song et al,
2018). Energy consumption reflects the modern lifestyle and is
associated with personal growth and affluence (Wolske, Stern, &
Dietz, 2017). The affluent class has increased worldwide, and
more people rely on electricity-based home devices (Nie et al.,
2018). Household electricity demand rises as the middle- and
upper-income groups prosper (Mao et al, 2020). The lavish
lifestyle has instigated higher energy consumption, and personal
norms and beliefs have become necessary to address the energy
conservation behaviour issue.

Energy conservation is a personal decision rooted in personal
ethics and beliefs, forming an individual’s behaviour (Yildirim &
Semiz, 2019). Reducing energy consumption is a green
behaviour, and educational, personal, and contextual factors
contribute to the formation of pro-environmental behaviour
(Kim & Seock, 2019). Individuals demonstrate varying green
behaviours in public and private life (Hirstsuka, Perlaviciute, &
Steg, 2018). In private life, individuals pay the cost of
conservational behaviour (Li, Cheng, & Liu, 2019). However,
in public, energy-conversion may not benefit those who exhibit
conservational behaviour. The current study aimed to evaluate
Chinese household energy conservation behaviour based on the
value-belief-norm (VBN) model. The current study incorporated
green trust as the novel influencing factor, persuading the
intention to reduce electricity consumption and energy
conservation behaviour. Responsible consumption of energy is
a shared responsibility of the community. Personal inclinations
toward the environment and trust in collective efforts for climate
mitigating practices promote responsible energy consumption.
Policymakers must exhibit that they are categorically inclined
toward responsible energy use. Policymakers’ genuine efforts can
harness responsible energy consumption and promote energy
conservation.

Literature review
Theoretical foundation

Stren (2000) postulated that the VBN model builds on the
norm activation model (NAM); the VBN model utilizes a variety
of personal values that instigate environmentally friendly beliefs
and behaviours. VBN causally elucidates personal environmental
recognition grounded on personal values (Wensing, Carraresi, &
Broring, 2019). Initiating personal and social norms allows the
intention and actual green actions (Megeirhi, Woosnam,
& Denley, 2020).
behaviours are the cogent activities that diminish the adverse

Riberio,Ramkissoon Pro-environmental

effects of individual activities on the climate, minimize the use of
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resources, and decrease energy consumption wastage (Wondirad,
2019).

Values are domineering ideologies that lead one’s personal
actions. Values promote diverse beliefs and act as a systematic
controlling ground for one’s attitude and behaviour (Wensing
et al, 2019). Biospheric values are the inner spirits that non-
human organisms are necessary for the global climate (Yildirim
& Semiz, 2019). The evolving climatic challenges are real and
bring emergent climate shifts and harm living organisms,
including humans, on Earth (Unal, Steg, & Garnskaya, 2019).
Biospheric values instigate pro-environment beliefs, nurturing
the realization that climate change requires changing individual
behaviours towards climate and how humans should live (Zhang,
Ruiz-Menjivar, Luo, Linag, & Swisher, 2020). Human actions
affect the climate, and public awareness harnesses the belief to
change the currently adopted practices to restore the climate
(Lopez-Mosquera & Sanchez, 2012). The consciousness of
consequences is the level of personal awareness of the cost of
environmental threats (Riper & Kyle, 2014). A sense of
responsibility emerges from the awareness to take necessary
actions to mitigate the climate issues that help to achieve
2020).
responsibility is one’s reaction to instigate climate action to

human wellbeing (Ramkissoon, Ascription  of
protect the environment (Yidirim & Semiz, 2019).

Personal norms are linked to the essential sense of duty that
nurtures the personal standards to change the currently adopted
climate actions (Choi, Jang, & Kandampully, 2015). The interplay
of cognitive, emotional, and social aspects instigates the
commitment to behave more responsibly (Chen, Lin, & Weng,
2015). Prosocial emotions of guilt activate appropriate specific
behaviours, causing harm to the climate in general public or
private settings, and learning new prosocial behaviours to
minimize the adverse impact on the environment (Dhir,
Sadiq, Talwar, Sakashita, & Kuar, 2021).

Meanwhile, intention refers to the cognizance proposal to act
within the individual settings, which significantly influences the
actual behaviour to protect the climate or take corrective actions
to reduce the environmental harm (Landon, Woosnam, & Boley,
2018). A green attitude instigates pro-climate behaviour, and
individuals start engaging in such behaviour to reduce the
climate impact (Sanchez, Lopez-Mosquera, & Lera-Lopez,
2015). The intention to conserve energy within one’s personal
setting is an inherent impetus and activates one’s personal
responsibility to conserve energy at a personal level
(Gkargkavouzi, Halkos, & Matsiori, 2019).

Development of hypotheses
Development of pro-environmental belief
As previously discussed, biospheric values are part of one’s

essential value system that directs personal importance and
environmental actions (Gupta & Sharma, 2019). Biospheric
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values are built based on the notion that all other species on
Earth are essential and vital parts of human life (Choi et al,
2015). Biospheric values foster a constructive view toward taking
the necessary actions to protect the environment (Landon et al.,
2018). Lopez-Mosquera and Sanchez (2012) postulated that one’s
biospheric values suggestively encourage pro-environmental
belief. However, Liu et al. (2018) projected that biospheric
values affect Chinese students’ pro-environmental belief in
executing pro-environmental behaviour in public settings. The
following hypothesis was proposed for testing:

H;: Biospheric values have a positive effect on pro-

environmental belief.

Development of awareness of consequences

One’s actions always influence other individuals, cultures,
humanity, and even the environment (Wensing et al, 2019;
Ramkissoon, 2020). The underlying connection suggests that
biospheric values affect the awareness of consequences—for
instance, individual actions influence energy conservation
practices (Liu et al, 2018). Individual biospheric values
support the awareness of consequences instigated by
individual actions (Kim & Seock, 2019). In one of the prior
studies, which involved Japanese car consumers, biospheric
values were found to influence awareness of consequences
(Hiratsuka et al,, 2018). In a more recent study, Yidirim and
Semiz (2019) postulated that respondents’ biospheric values
build awareness of the consequences of water conservation
actions.

Individual eco-belief harnesses environmental-related beliefs
(Wensing et al, 2019). pro-environmental belief instigates
awareness of the consequences of the formation of green
behaviour (Fornara et al, 2020). In a recent study,
Gkargkavouzi et al. (2020) advocated the influence of pro-
environmental beliefs on awareness of consequences among
Europeans. Thus, the following hypothesis was proposed for
testing:

H,: Biospheric values have a positive effect on awareness of
consequences.

Hj: Pro-environmental belief has a positive effect on

awareness of consequences.

Development of ascription of responsibility
VBN model highlights the causal association between
awareness of consequences and ascription of responsibility in
the case of green behaviour (Lopez-Mosquera & Sanchez, 2012).
Hiratsuka et al. (2018) examined and suggested the influence of
biospheric values on the ascription of responsibility in using
green cars among Japanese respondents. Focusing on visiting
natural parks, Gkargkavouzi et al. (2019) suggested that Spanish
respondents’ awareness of consequences affects the ascription of
responsibility. In a recent study on environmental problems,
Fornara et al. (2020) recognized the significant influence of
awareness of consequences on the ascription of responsibility
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among European respondents. Therefore, the following
hypothesis was suggested for testing:

H,: Biospheric values have a positive effect on the ascription
of responsibility.

Hs:

ascription of responsibility.

Awareness of consequences positively affects the

Development of personal norms

Personal beliefs are necessary to build personal norms (Liu
et al,, 2018). Beliefs are necessary antecedents for the emergence
of personal norms, which are said to facilitate green attitudes and
behaviour (Zhang et al., 2020). Gkargkavouzi et al. (2019) linked
pro-environmental belief to personal norms of engaging in
environmental problems. Zieske, Venhoeven, Steg, and van
der Werff (2020)
essential

identified environmental values as an
of
consequences acts as the belief of fear that necessary actions

predictor of personal norms. Awareness
are required to address the issue and correct the currently
adopted behaviour (Obeng & Aguliar, 2018). Gkargkavouzi
et al. (2019) postulated that awareness of consequences
harnesses personal norms to take care of the environment.
Fornara et al. (2020) offered empirical evidence on the
significant influence of awareness of consequences on personal
norms. Kim and Seock (2019) postulated that the ascription of
responsibility spurs personal norms among the residents in the
United States.

Similarly, the VBN model projects that affect the ascription
of

environmentally friendly behaviour (Landon et al, 2018).

responsibilities, advancing personal norms towards
Furthermore, Zhang et al. (2020) report that the ascription of
responsibility impacts the personal norms for assuming the
environment mitigating farming practices among Chinese
farmers. Therefore, we suggest the following:

Hg: Pro-environmental belief has a positive effect on personal
norms.

H;: Awareness of consequences has a positive effect on
personal norms.
Hg: Ascription of responsibility has a positive effect on

personal norms.

Development of green trust

The number of consumers looking for eco-friendly
products and services has recently increased (Ramkissoon,
2020). Consumers look for products and services that can
minimize adverse impacts on the environment. Chen et al.
(2015) posited that pro-environmental belief promotes green
trust among Taiwanese consumers. Consumers build such
belief that the use of specific products and services can reduce
their the (Yu-Shan, 2010).
environmental belief nurtures people’s confidence that leads

impact on climate Pro-
to green trust.
Awareness of the consequences of human actions on the

climate comes from the knowledge and understanding that there
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is a need to correct human actions on the environment (Megeirhi
et al,, 2020). Environmental knowledge empowers consumers to
understand the impact of human activities on the environment
and build trust toward human actions and firms’ services (Yu-
Shan, 2010; Ramkissoon, Smith and Weiler, 2013; Ramkissoon,
Mavondo and Uysal, 2018; Elkhwesky, Salem, Varmus and
Ramkissoon, 2022). Awareness and perception of duty are
necessary conditions that instigate trust toward green practices
(Chen et al, 2015). Alamsyah and Febriani (2020) predicted that
green awareness harnesses GTT among organic vegetable
consumers in Indonesia. In another recent study, Dhir et al.
(2021) postulated that environmental knowledge influences
green trust among green apparel consumers in Japan. With
that, the following hypotheses were proposed for testing:

Ho: Pro-environmental belief has a positive effect on green
trust.

Hjo: Awareness of consequences has a positive effect on
green trust.

H;: Ascription of responsibility has a positive effect on green
trust.

Development of energy conservation
intention (ECI)

With the development of the right personal norms,
individuals would become more inclined towards green
behaviour (Scanhez et al., 2015). Personal norms support the
development of green behavioural intention (Choi et al.,, 2015).
In one of the prior studies, Nordfaern and Zavareh (2017) posited
personal norms’ significant and positive influence on behavioural
intention. In a recent study, Zhang et al. (2020) described that
Chinese agriculture professionals’ personal norms harness green
agricultural practices. Meanwhile, Choi et al. (2015) provided
evidence on how green trust suggestively predicts the intention to
engage in eco-friendly hotel booking. The above-reported
evidence prompted the testing of the following hypotheses in
the current study:

H;,: Personal norms have a positive effect on ECIL.

Hj;: Green Trust has a positive effect on ECI.

Energy conservation behaviour

The intention is the antecedent of actual behaviour.
According to Stren (2000), the intention to execute green
behaviour  positively  triggers  green  behaviour.
(2019) posited that behavioural

intention significantly envisages voluntary actions to

Gkargkavouzi et al.
reduce the climatic impact among the Greek samples.
Based on the notion that taking the responsibility of
reducing unnecessary energy use at the household level
instigates ECB at the household level, the current study
proposed the following hypothesis:

H4: ECI has a positive effect on ECB.

All associations hypothesized in this study are presented in
the Figure 1 below:
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FIGURE 1
Research framework.

Methodology

The current study employed a quantitative-deductive design
to assess the ECI and ECB among households in China based on
the VBN theory (Hair, Risher, Sarstedt, & Ringle, 2019). This
study focused on households in China as the target population.
The required sample size for this study was evaluated using the
G-Power 3.1, with a power of 0.95, an effect size of 0.15, and
seven predictors. As a result, the minimum sample size required
was 153 (Faul, Erdfelder, Lang, & Buchner, 2007). Meanwhile, it
is suggested to achieve a sample size of 200 for PLS-SEM (Hair,
Hult, Ringle, & Sarstedt, 2014). The study intended to employ the
second-generation statistical analysis technique of partial least
squares structural equation modelling and artificial neural
network analysis, therefore collecting data from a total of
1671 respondents, which is much higher than the calculated
and recommended sample size. The respondents were required
to answer a few qualifying questions, including their consent to
participate in the study. The online survey was performed by
preparing a dual-language (Mandarin and English) questionnaire
posted online (http://www.wjx.cn/) from March 2021 to
April 2021.

Survey instrument

This study employed a structured questionnaire format.
All measurement items were adopted from earlier studies,
with minor modifications (Supplementary Appendix S1). In
this study, a seven-point Likert scale was used to measure
biospheric values, with the endpoints of “not important at
all” 1) and “very important” (7), and another seven-point
Likert scale was used to measure other constructs, with
the endpoints of “strongly disagree” 1) and “strongly
agree” (7).
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TABLE 1 Full collinearity test.

BV PEB AOC ACR PNS GTT ECI ECB

2.144 1.780 2.547 1.712 2.226 2.060 1.649 3.756

BV,Biospheric values; PEB, Pro-environmental beliefs; AOC, Awareness of
consequences; ACR, Ascription of responsibility; PNS, Personal norms; GTT, Green
trust; ECI, Energy conservation intention; ECB, Energy conversion behaviour.

Common method bias

The issue of common method bias (CMB) is associated with
cross-sectional research. CMB can be calculated using multiple
methodological and statistical tools (Podsakoff, Mackenzie, &
Podsakoff, 2012). Harman’s one-factor test was employed as a
diagnostic tool for this study to evaluate the effect of CMB. The
single factor accounted for 40.69%, which is lower than the suggested
limit of 50% for Harman’s one-factor test; thus, approving the
insignificant effect of CMB on the current study’s constructs
(Podsakoff et al, 2012). Another probing analysis suggested
involves the evaluation of the latent factor correlation. Podsakoff
et al. (2012) recommended that a latent factor correlation of less than
0.90 suggests no CMB issue in the model. For this study, the highest
correlation between personal norms and ECB was recorded at 0.706,
confirming that CMB is not a significant issue. Furthermore, referring
to Kock’s (2015) recommendation, this study evaluated CMV to test
the full collinearity of all constructs. All the constructs appeared to
regress on the common variable. Referring to Table 1, the recorded
variance inflation factor (VIF) values did not exceed 5, indicating the
absence of bias from the single-source data.

Multivariate normality

Hair et al. (2019) recommended evaluating the multivariate
normality of the data prior to using the SmartPLS. The current
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study assessed multivariate normality using the WebPower
online tool (Source: https://webpower.psychstat.org/wiki/tools/
index). The calculated Mardia’s multivariate p-value indicated
that the data had a non-normality issue, as the p-values were
below 0.05 (Cain, Zhang, & Yuan, 2017).

Data analysis

Partial least squares structural equation
modelling

Because of multivariate non-normality, this study employed
the PLS-SEM as Hair et al. (2019) recommended. Smart-PLS
3.1 was employed to analyze the data. Accordingly, PLS-SEM is a
multivariate exploratory method to analyze the path structure of
integrated latent constructs (Hair et al., 2014). PLS-SEM is a
casual-predictive statistical tool to accomplish complex models
with composites and no specific assumption of goodness-of-fit
static requirements (Hair et al., 2019). PLS-SEM in this study was
performed in two stages. The first stage focused on the reliability
and validity of the model’s constructs (Hair et al., 2014). In the
second stage, the correlations and path model were evaluated
(Henseler, Ringle, & Sarstedt, 2015). In particular, the values of
r2, Q2, and 2 were obtained in this study to determine the
change of endogenous construct due to the exogenous constructs
(Hair et al,, 2019). Meanwhile, multiple group analysis (MGA)
confirms the existence of variances between the study sample
based on the sample categorical variables (Hair et al., 2014). The
differences in the groups’ path coefficients help estimate the
differences between groups on the guidelines offered by Henseler,
Ringle and Sinkovics (2009).

Artificial neural network analysis

Artificial neural network (ANN) analysis is a pseudo-
diagnostic procedure or, in other words, a non-compensatory
investigative technique based on the deep learning method with
input, output, and hidden layers (Gbongali, Xu, & Amedjonekou,
2019). The input and output neurons are connected through the
hidden layer. The hidden layer works the same way as the human
brain’s block-box (Hayat, Al-Mamun, Nasir, Selvachandran,
Nawi, & Gai, 2020). The causal layer attaches input neurons
to the output neurons. The information is separated into three
categories:

training, testing,

Accordingly, the predictive score is calculated by summing the

and hold out the sample.

training and testing data’s root mean square errors (RMSE)
(Hayat et al,, 2021). The more significant the difference in
RSME scores between training and testing data, the higher the
prediction accuracy (Gbongali et al., 2019).

The sum of square error (SSE) is estimated with the following
formula.

p

SSE = ZveN<lZf:1(y(v) = t(V)j)2>
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The root means square error (RMSE) was estimated using the
following formula as under:

1 1 2
RMSE = \jWZWN(E L ym;-tw)) >

Besides that, sensitivity analysis was performed for this study

to evaluate the relative influence of each external factor. The
influence of each exogenous variable on the endogenous
structure is shown by the normalized relevance of each
exogenous variable (Gbongali et al, 2019). Following that,
average synaptic weights denote the contributions of input
and hidden layers to the output layer (Hayat et al., 2020).
Finally, this study applied the following equation to obtain the
goodness-of-fit index:

RMSE

R*=1
SSE

Findings

Demographic details of the respondents are presented in
Table 2 below:

Reliability and validity

Referring to the recommendations by Hair et al. (2019), the
current study evaluated the reliability and validity of all
constructs. The results in Table 3 revealed Cronbach’s alpha
(CA) of more than a threshold value of 0.70 (Hair et al., 2014) for
all constructs. The lowest value of Cronbach’s alpha was 0.878.
Additionally, all values of Dijkstra-Hensele’s rho exceeded the
threshold value of 0.70 (Hair et al., 2019) for all constructs. The
lowest value of Dijkstra-Hensele’s rho was 0.880. Similarly, the
recorded values of composite reliability (CR) were well beyond
the threshold value of 0.70 (Hair et al., 2014), where the lowest
CR value was 0.905. Based on the results of CA, Dijkstra-
Hensele’s rho, and CR, the constructs were deemed reliable.
Besides that, according to Hair et al. (2019), the average value
extracted (AVE) for all items for each construct must exceed
0.50 to achieve the acceptable convergent validity for the uni-
dimensionality notion for each construct. The obtained results in
Table 3 demonstrated satisfactory convergent validity of these
constructs. The value inflation factor (VIF) scores for all
constructs did not exceed the benchmark value of 3.3 (Hair
et al., 2014), revealing no multicollinearity issue.

This study also reported item loadings (Table 4) and cross-
loadings (provided in the Annexure) to confirm the discriminant
validity of these constructs. Based on the results in Table 4, the
study’s constructs demonstrated appropriate discriminant
validity. Additionally, the Fornell-Larcker criterion (1981) was
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TABLE 2 Demographic characteristics.

N %
Gender
Female 849 50.8
Male 822 49.2
Total 1671 100.0
Age Group
18—25 years 356 21.3
26—35 years 705 42.2
36—45 years 376 22.5
46—55 years 216 12.9
56—65 years 15 0.9
66 or above 3 0.2
Total 1671 100.0
Average Monthly Income (Yuan)
Below 2,500 217 13.0
2,501 to 5,000 408 244
5,001 to 7,500 401 24.0
7,501 to 10,000 381 22.8
10,001 to 12,500 101 6.0
More than 12,500 163 9.8
Total 1671 100.0
TABLE 3 Reliability and validity.
Variables No. Mean Standard Cronbach’s
Items deviation alpha
BV 6 5.785 0.983 0.905
PEB 7 5.557 0.988 0.878
AOC 7 5.808 0.956 0.899
ACR 6 5.601 1.149 0.939
PNS 7 5.562 1.145 0.943
GTT 5 5.360 1.104 0.920
ECI 6 5.343 1.176 0.924
ECB 6 5.663 0.975 0.901

10.3389/fenrg.2022.954595

N %
Marital Status
Single 438 26.2
Married 1164 69.7
Divorced 44 2.6
Widowed 25 1.5
Total 1671 100.0
Education
Secondary school certificate 70 42
Diploma certificate 171 10.2
Bachelor’s degree or equivalent 919 55.0
Master’s degree 481 28.8
Doctoral degree 30 1.8
Total 1671 100.0
Employment Status
Employed Full-Time 1124 67.3
Employed Part-Time 377 226
Seeking opportunities 170 10.2
Total 1671 100.0
Dijkstra- Composite Average Variance
hensele’s reliability variance inflation
rho extracted factors
0.914 0.926 0.678 1.744
0.880 0.905 0.577 1.364
0.903 0.921 0.625 1.744
0.941 0.951 0.765 1.424
0.944 0.954 0.746 1.355
0.920 0.940 0.758 1.355
0.925 0.940 0.724 1.000
0.902 0.924 0.668

BV, Biospheric values; PEB, Pro-environmental beliefs; AOC, Awareness of consequences; ACR, Ascription of responsibility; PNS, Personal norms; GTT, Green trust; ECI, Energy

conservation intention; ECB, Energy conversion behaviour.

utilized in this study to evaluate the discriminant validity of each
construct. Fornell-Larcker criterion estimated with the square
root of a particular construct’s AVE. Referring to Hair et al.
(2019), the square root of AVE for each construct exceeded the
correlation of the constructs (Hair et al., 2019). The Heterotrait-
Monotrait Ratio is below 0.9, confirming each construct’s
discriminant validity (Hair et al., 2019).

Frontiers in Energy Research

Path analysis

Based on the r* value, biospheric values as an exogenous
construct explained 26.7% of the change in the pro-
environmental beliefs. The predictive relevance (Q*) value for
this part of the model was 0.152, representing medium predictive
relevance (Hair et al., 2014). Meanwhile, the r* value for two
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TABLE 4 Discriminant validity.

BV PEB AOC ACR PNS GTT ECI ECB

Fornell-Larcker Criterion

BV 0.824

PEB 0.517  0.760

AOC 0653 0.579 0.791

ACR 0432 0442 0517 0.875

PNS 0.587 0.486  0.620 0.487 0.864

GTT 0427 0.526 0.464 0.574 0.512 0.871

ECI 0.460 0.371 0.469 0.352 0.484 0418 0.851

ECB 0674 0.525 0.701 0.539 0.707  0.630 0.625 0.818
Heterotrait-Monotrait Ratio

BV

PEB 0.575

AOC 0717 0.649

ACR 0457 0484 0.558

PNS  0.635 0531 0.672 0.514

GTT 0468 0585 0.512 0.616 0.549

ECI 0.503 0411  0.514 0.374 0517  0.454

ECB 0745 0.587 0.780 0.583 0.767  0.691 0.683

BV, Biospheric values; PEB: Pro-environmental beliefs; AOC, Awareness of
consequences; ACR, Ascription of responsibility; PNS, Personal norms; GTT, Green
trust; ECI, Energy conservation intention; ECB, Energy conversion behaviour.

exogenous constructs, namely biospheric values and pro-
environmental beliefs, indicated that both constructs explained
50.6% of the change in awareness of consequences. The
predictive relevance (Q?) value for this part of the model was
0.314, representing high predictive relevance (Hair et al., 2014).
On the other hand, the r* value for two exogenous constructs,
namely biospheric values and awareness of consequences,
revealed that both constructs explained 28.3% of the change
in the ascription of responsibility. The predictive relevance (Q)
value for this part of the model was 0.212, indicating medium
predictive relevance (Hair et al., 2014).

The r* value for the three exogenous constructs, namely pro-
environmental beliefs, awareness of consequences, and ascription
of responsibility, indicated that these constructs explained 43.6%
of the change in personal norms. The predictive relevance (Q?)
value for this part of the model was 0.323, demonstrating high
predictive relevance (Hair et al., 2014). The r* value for three
beliefs,
awareness of consequences, and ascription of responsibility,

exogenous constructs, namely pro-environmental
revealed that these constructs explained 42.6% of the change
in green trust. The predictive relevance (Q?) value for this part of
the model was 0.321, signifying high predictive relevance (Hair
et al, 2014). Meanwhile, the r* value for two exogenous
constructs, namely personal norms and green trust, implied
that the constructs explained 27.3% of the change in ECI. The

predictive relevance (Q?) value for this part of the model was
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0.196, signifying medium predictive relevance (Hair et al., 2014).
The r* value for ECI as an exogenous construct ECB suggested
that the construct accounted for 39.1% of the change in ECB. The
predictive relevance (Q®) value for this part of the model was
0.259, representing medium predictive relevance (Hair et al,
2014).

Model standardized path values, t-values, and significance
levels are presented in Table 5. Firstly, biospheric values were
found to contribute positively and significantly affect pro-
environmental beliefs, which provided adequate statistical
support for H;. Secondly, biospheric values were also found to
contribute a positive and significant effect on awareness of
consequences, which provided adequate statistical support for
H,.
positively and significantly affect awareness of consequences.

In addition, pro-environmental beliefs were found to

With that, this study found adequate statistical evidence to accept
H;. Besides that, the results also demonstrated the positive and
significant effect of biospheric values on the ascription of
responsibility. The obtained statistical evidence supported H,
in this study. Likewise, the results demonstrated the positive and
significant effect of awareness of consequences on the ascription
of responsibility R. In other words, Hs was supported.

The results also demonstrated the positive and significant
effects of pro-environmental beliefs, awareness of consequences,
and ascription of responsibility on personal norms. In other
words, He, H7, and Hg were supported. This study also proved the
positive and significant effects of pro-environmental beliefs,
awareness of consequences, and ascription of responsibility on
green trust. Thus, Ho, Hyo, and H;; were accepted. Besides that,
the results revealed the positive and significant effects of personal
norms and green trust on ECI. With that, H;, and H,;; were
supported. Last but not least, the results demonstrated the
positive and significant effect of ECI on ECB (B = 0.625, t =
19.662, p = 0.000), which supported Hj,.

Multi-group analysis

The study assessed the measurement invariance using the
measurement invariance of composite models (MICOM)
procedure for two groups (Group 1. Bachelor’s degree or
below, and Group 2. Master and Doctorate degree). The
permutation p-values for all variables exceeded 0.05, which
confirmed the partial measurement invariance. Therefore, the
study was able to compare the path coefficients between two
groups using PLS-MGA. The results (presented in Table 6) of two
groups based on education revealed no significant differences in
all associations hypothesized in this study.

Following that, this study assessed the measurement
invariance between two groups using the MICOM procedure:
1) Group 1: 35 years and below; 2) Group 2: 36 years and above.
The permutation p-values for all variables exceeded 0.05, which
confirmed the partial measurement invariance. Therefore, the
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TABLE 5 Hypothesis testing.

Hypothesis

H,
H,
Hs
H,y
Hs
He
H;
Hy

al.

BV — PEB
BV — AOC
PEB — AOC
BV — ACR
AOC — ACR
PEB — PNS
AOC — PNS
ACR — PNS
PEB — GTT
AOC — GTIT
ACR — GTT
PNS — ECI
GTT — ECI
ECI — ECB

Beta

0.517
0.483
0.329
0.164
0.409
0.149
0.431
0.198
0.302
0.084
0.397
0.366
0.231
0.625

t value

17.330
13.994
10.362
4.139
11.101
4.578
11.144
6.684
8.004
2.413
11.292
10.531
6.422
19.662

p-value

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.008
0.000
0.000
0.000
0.000

0.267

0.506

0.283

0.436

0.426

0.273
0.391

2

0.364
0.346
0.160
0.022
0.134
0.191
0.049
0.025
0.101
0.007
0.193
0.136
0.054
0.641

10.3389/fenrg.2022.954595

QZ

0.152
0.314
0.212

0.323

0.321

0.196
0.259

Decision

Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept
Accept

BV, Biospheric values; PEB, Pro-environmental beliefs; AOC, Awareness of consequences; ACR, Ascription of responsibility; PNS, Personal norms; GTT, Green trust; ECI, Energy

conservation intention; ECB, Energy conversion behaviour.

TABLE 6 Multi-group analysis—education.

Hypothesis

BV — PEB
BV — AOC
PEB — AOC
BV — ACR
AOC — ACR
PEB — PNS
AOC — PNS
ACR — PNS
PEB — GTT
AOC — GTIT
ACR — GTT
PNS — ECI
GTT — ECI
ECI — ECB

Bachelor’s degree or

below

Beta p-value
0.492 0.000
0.487 0.000
0316 0.000
0.148 0.001
0.418 0.000
0.137 0.000
0.414 0.000
0219 0.000
0.292 0.000
0.110 0.005
0362 0.000
0351 0.000
0.263 0.000
0.644 0.000

Master and

doctorate degree

Beta

0.555
0.477
0.349
0.192
0.394
0.170
0.455
0.165
0.317
0.042
0.459
0.395
0.172
0.593

p-value

0.000
0.000
0.000
0.001
0.000
0.000
0.000
0.000
0.000
0.224
0.000
0.000
0.002
0.000

Difference

Beta p-value
-0.063 0.164
0.010 0.449
~0.034 0.306
—0.044 0.284
0.024 0.376
-0.032 0314
~0.041 0.290
0.054 0.176
-0.025 0.359
0.068 0.159
-0.096 0.091
—0.043 0.269
0.091 0.109
0.051 0.225

Decision

No Difference
Sig. Difference
Sig. Difference
No Difference
No Difference
No Difference
No Difference
No Difference
No Difference
No Difference
Sig. Difference
No Difference
Sig. Difference
No Difference

BV, Biospheric values; PEB: Pro-environmental beliefs; AOC, Awareness of consequences; ACR, Ascription of responsibility; PNS, personal norms; GTT, Green trust; ECIL, Energy

conservation intention; ECB, Energy conversion behaviour.

study was able to compare the path coefficients between two

groups using PLS-MGA. The results (presented in Table 7) of the
two groups based on age revealed no significant differences in all

associations hypothesized in this study.
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Artificial neural network analysis

For the current study, multi-layer perception (MLP) ANN,

consists of input, hidden, and output layers (Gbongali et al,

09
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TABLE 7 Multi-group analysis—age.

Hypothesis

H, BV — PEB
H, BV — AOC
H, PEB — AOC
H, BV — ACR
H, AOC — ACR
H PEB — PNS
H, AOC — PNS
Hy ACR — PNS
H, PEB — GIT
H,o AOC — GIT
Hy, ACR — GTT
H,, PNS — ECI
H GIT — ECI
Hy ECI — ECB

35 Years and below

Beta

0.492
0.487
0.316
0.148
0.418
0.137
0.414
0.219
0.292
0.110
0.362
0.351
0.263
0.644

p-value

0.000
0.000
0.000
0.001
0.000
0.000
0.000
0.000
0.000
0.004
0.000
0.000
0.000
0.000

36 Years and above

Beta

0.555
0.477
0.349
0.192
0.394
0.170
0.455
0.165
0.317
0.042
0.459
0.395
0.172
0.593

p-value

0.000
0.000
0.000
0.001
0.000
0.000
0.000
0.000
0.000
0.216
0.000
0.000
0.001
0.000

Difference

Beta

-0.063
0.010
—-0.034
—-0.044
0.024
—-0.032
—0.041
0.054
—-0.025
0.068
-0.096
—-0.043
0.091
0.051

10.3389/fenrg.2022.954595

p-value

0.144
0.453
0.309
0.283
0.367
0.310
0.293
0.183
0.366
0.157
0.097
0.264
0.105
0.227

Decision

No Difference
No Difference
No Difference
No Difference
No Difference
No Difference
No Difference
No Difference
No Difference
No Difference
No Difference
No Difference
No Difference

No Difference

BV, Biospheric values; PEB, Pro-environmental beliefs; AOC, Awareness of consequences; ACR, Ascription of responsibility; PNS, Personal norms; GTT, Green trust; ECI, Energy

conservation intention; ECB, Energy conversion behaviour.

TABLE 8 RMSE values of Artificial Neural Networks (n = 1671).

Sample size Sample size

(Testing) (Testing)

1 1152 519 0.285
2 1206 465 0.265
3 1149 522 0.274
4 1149 522 0.285
5 1158 513 0.277
6 1167 504 0.281
7 1162 509 0.283
8 1149 522 0.282
9 1166 505 0.286
10 1179 492 0.290

Mean 0.281

Standard Deviation 0.007

Source: Author’s data analysis.

2019). The feed-forward-back propagation (FFBP) with MLP
ANN was employed, and the ten-fold ANN model has opted for
the SPSS neural network algorithm (Hayat et al., 2021). About
70% of the data served as training data, and 30% served as testing
data. The model’s prediction accuracy was evaluated based on the
obtained RMSE scores (Hayat et al, 2021). The results are
presented in Table 8, which displayed high prediction

Frontiers in Energy Research

RMSE (Training)

RMSE
(Training—Testing)

RMSE (Testing)

0.284 0.001
0.300 0.035
0.284 0.010
0.275 0.010
0.281 0.004
0.283 0.002
0.287 0.004
0.274 0.007
0.276 0.010
0.302 0.012
0.285 0.009
0.010 0.010

accuracy, as the data’s RMSE scores for training and testing
segments were close.

The sensitivity analysis evaluated the effect of each input
variable on ECB (Gbongali et al., 2019). Normalized importance
scores for every input variable in this study were gauged with the
percentage fraction of the relative importance of each input
neuron divided by the highest relative importance (Hayat
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TABLE 9 Sensitivity analysis.

Network BV PEB AOC
1 0.156 0.037 0.123
2 0.101 0.044 0.098
3 0.101 0.055 0.211
4 0.099 0.077 0.169
5 0.120 0.039 0.157
6 0.124 0.026 0.106
7 0.146 0.042 0.097
8 0.106 0.057 0.065
9 0.096 0.074 0.105
10 0.128 0.058 0.093
Mean Importance 0.118 0.051 0.122

10.3389/fenrg.2022.954595

ACR PNS GTT ECI
0.059 0.186 0.151 0.288
0.052 0.217 0.131 0.357
0.05 0.125 0.171 0.288
0.042 0.102 0.161 0.351
0.042 0.175 0.149 0.319
0.088 0.235 0.071 0.350
0.053 0.181 0.159 0.322
0.037 0.211 0.159 0.364
0.049 0.245 0.129 0.302
0.115 0.186 0.125 0.295
0.059 0.186 0.141 0.324

BV, Biospheric values; PEB, Pro-environmental beliefs; AOC, Awareness of consequences; ACR, Ascription of responsibility; PNS, Personal norms; GTT: Green trust; ECI: Energy

conservation intention; ECB: Energy conversion behaviour.
Source: Author’s data analysis.

et al,, 2021). The results in Table 9 showed energy conservation
of
five most

intention, personal norms, green trust, awareness

consequences, and biospheric values as the

significant contributing factors to ECB.

Discussion

The
behaviour among Chinese households based on the VBN

current study examined energy conservation
model. The obtained results demonstrated the positive and
significant effect of biospheric values on pro-environmental
belief, which was in line with the findings reported by Liu et al.
(2018) on how biospheric values build one’s realization of the
importance of PEB and promote the necessary actions of
the

environmentally.

protecting environment and  behaving
that, the obtained

suggested biospheric values’ positive and significant effect

pro-
Besides results
on awareness of consequences. Hiratsuka et al. (2018)
described comparable findings on how Japanese consumers’
their of the
consequences of engaging in climate-friendly behaviour.

biospheric values instigate awareness
The current study’s results also matched the conclusion
shared by Wensing et al. (2018) on the influence of pro-
environmental beliefs on awareness of consequences at the
individual level. With respect to the VBN model, this study
also demonstrated a positive and significant effect of
of consequences on the ascription of
responsibility. Zhang et (2020) presented similar

findings on how awareness of consequences harnesses

awareness

al.
energy conservation. Our study result coincides with the

finding posted by Megeirhi et al. (2020) that the ascription
of responsibility promotes individual sustainable behaviours.
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Furthermore, the effects of pro-environmental belief,
awareness of consequences, and ascription of responsibility
on personal norms were hypothesized. The study found that
the obtained results coincided with the findings reported by
Gkargkavouzi et al. (2019) on the relationship between pro-
environmental beliefs and personal norms. The current study
also proved the positive and significant effect of awareness of
consequences on personal norms, which supported the
(2020) on how
understand the cost of human

findings reported by Fornara et al
European consumers
activity on the climate. Additionally, these results showed
the effect of
consequences on personal norms, which matched the
findings reported by Zhang et al. (2020) that individuals
exhibit green behaviour.

positive and significant of awareness

Moreover, the current study obtained empirical evidence of
the positive and significant effect of pro-environmental belief on
green trust for energy conservation. Chen et al. (2015) reported
similar findings on how pro-environmental beliefs triggered
green trust among Taiwanese samples. Next, the obtained
results revealed that awareness of consequences significantly
affected green trust among the respondents. This particular
result appeared to be consistent with the findings reported by
Dhir etal. (2021) that awareness of consequences instigates green
trust to engage in green behaviour.

The study’s results confirmed the positive and significant
effects of personal norms and green trust on energy conservation
intention. These results coincided with the findings reported by
Gkargkavouzi et al. (2019) on how personal norms facilitate the
intention to engage in green behaviour and the findings reported
by Choi et al. (2015) on the significance of green trust in forming
the intention to engage in eco-friendly behaviour to book the
green hotel.
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Lastly, the energy conservation intention appeared to
instigate energy conservation behaviour, as suggested by the
current study’s results. The obtained results were found to be
in line with the findings reported by Sanchez et al. (2015) on the
influence of the intention to engage in pro-environmental
behaviour on pro-conservational behaviour. The results of
ANN analysis provided evidence on energy conservation
intention, personal norms, and awareness of consequences as
the three most significant factors contributing to energy
conservation behaviour. These results were consistent with the
results postulated by Zeiske et al. (2020) on environmental values
and personal norms as significant predictors of energy
conservation behaviour.

Conclusion

Overall, the current study empirically tested the extended
VBN model in predicting energy conservation behaviour
among Chinese households. The study’s findings suggested
that biospheric values guide pro-environmental belief,
awareness of consequences, and ascription of responsibility.
Meanwhile, performing green behaviour requires collective
action from all individuals to ensure the necessary care of
minimizing adverse effects on the environment and mitigating
climate challenges. Inclusive and collective actions can help
reduce climate harm and restore the global climate to its pre-
industry era.

Policy and managerial implications

This study contributed to the current literature on energy
conservation in four ways. Firstly, most of the prior studies on
energy conservation used the theory of planned behaviour (TPB)
or the VBN model in its original form (Sanchez et al., 2015; Unal
et al, 2019). The current study extended the VNB model by
providing empirical evidence on the effects of pro-environmental
belief,
responsibility in relation to the energy conservation intention.

awareness of consequences, and ascription of
Green behaviour facilitated by personal norms and green trust
can promote one’s personal inclination to mitigate climate
challenges. Next, most of the prior studies debated the
adoption of green behaviour in general, mainly within public
settings. The current study explored energy conservation
behaviour in private settings; an individual has to take full
responsibility for the economic, social, and environmental
costs of immoderate energy use (Han et al, 2016). From the
stance of the VBN model, this study also significantly contributed
to the current understanding of energy conservation behaviour
within private settings.

Based on the current study’s findings, business managers

need to learn that consumers are willing to engage in energy
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conservation behaviour. This study proved no significant
differences in behaviour by age and gender. Equal efforts are
required to instigate responsible energy consumption behaviour.
Policymakers need to offer reduced pricing that nurtures
the
government must promote energy conservation behaviour,

responsible  energy  consumption.  Furthermore,

including energy-efficient devices that use less energy.

Limitations

The current study encountered three significant limitations.
Firstly, this study concentrated on energy conservation
behaviour within personal settings, specifically among
households in China. It is recommended for future research
to incorporate a larger sample to explore energy conservation
behaviour within personal and public settings. Furthermore, the
samples must be taken from other geographic locations in order
to compare the emergence of green behaviour in different
geographic areas. Furthermore, the current study utilized the
VBN model framework to explore energy conservation
behaviour among households in China. The current study did
not consider economic factors, such as the cost of electricity, the
use of an eco-friendly electric instrument, and an eco-friendly
attitude. It is recommended for future research to incorporate
these aforementioned factors that nurture the intention and
actual behaviour to reduce electricity consumption. Besides
that, personality plays a vital role in resource conservation.
Hence, it is recommended for future research to consider
adopting personality traits to explore the effect of personality

on energy conservation behaviour.
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