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Abstract: The acceleration of average temperature of lands and oceans, rising sea level, frequent
extreme weather events and ocean acidification denote that climate change is a contemporary pressing
dilemma facing the world. Everyday human activities such as open burning, deforestation, burning
of fossil fuels and agricultural activities significantly contribute to Earth warming. Preventing the
aforementioned activities reduce the greenhouse gas emission to the atmosphere and subsequently
slows the changes in climate. Thus, climate change education is integral to educate people on the
destructive consequences of their actions to the climate. Past studies revealed that well-established
theories and models guided the designing of education to deliver behavioral change in many
countries and reportedly improved participants’ knowledge, attitude and motivation. However,
these theories and models exist as an after effect of the education and the long-term impact of the
initiative frequently not found and less information available on the sustainability of such education.
Additionally, effective climate change education is typically context-based and designed based
on factors related to local students’ behavior. Hence, this study examined how knowledge and
psychological factors such as belief and motivation explain the formation of climate conserving
behavior among secondary school students. A total of 221 questionnaires was distributed to 14 years
old Malaysian secondary school students to measure knowledge, motivation and belief. The data
obtained were later analyzed using the partial least squares structural equation modelling (PLS-SEM)
approach. The findings revealed that knowledge (β = 0.259, p < 0.05), belief (β = 0.295, p < 0.05)
and motivation (β = 0.546, p < 0.05) positively affects the behavior. These findings reflected that
knowledge, belief and motivation collectively explain a total of 65.5% of variances in the formation
of climate conserving behavior among Malaysian secondary school students.

Keywords: belief; climate conserving behaviors; climate change knowledge; secondary school
students; self-determined motivation

1. Introduction

The acceleration of average temperature of land and ocean, rising sea level, frequent
extreme weather events and ocean acidification signify that climate change is a contempo-
rary pressing dilemma facing the world [1]. The panels deliberated that the average global
temperature likely to reach 1.5 ◦C between 2030 and 2052. Consequently, the global commu-
nity expected to experience health, societal and economic destructions on an unprecedented
scale due to the surge in the temperature. A wealth of studies in the literature [2–5] and
reports from the global organization on climate change [1,6,7] forwarded firm evidence
depicting that the anthropogenic activities are the underlying cause for the spike in the
global temperature.

Everyday human activities such as open burning, deforestation [8,9], burning of fossil
fuels [8] and agricultural activities [1] significantly contribute to the warming of the Earth.
Preventing the aforementioned human activities reduces greenhouse gas emissions to
the atmosphere and subsequently slows climate changes. In such circumstances, climate
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change education is integral to educate the people on the destructive consequences of their
actions to the climate [10–15]. The Chapter 36 of Agenda 21 reveals the imperative role
of education in preparing the younger generation with crucial knowledge and skills for
behavioral change. The knowledge and skills are expected to guide the younger peoples’
actions to conserve the environment [16].

In responding to the above call, in many countries, climate change education focused
on secondary level students [17–19]. The education with the ultimate aim of changing
behavior or developing pro-environmental behavior of students made them realize the
need to modify their lifestyle to save the environment from further destruction. The ed-
ucational initiatives predominately employ well-established theories, models and past
literature as a guide in designing the initiatives. The theories and models such as experien-
tial learning [20], constructivist approach [21,22], online inquiry-based learning [23] and
socioscientific issues-based instruction [24] predominantly employed in designing climate
change education.

Although these initiatives effectively improved participants’ knowledge [20,23,25]
attitude [10,26–28] and motivation [20,29], the literature did not explicitly document the
long term effect and sustainability of the approaches. Frequently, climate change education
focuses on the right-after-effect of the activities or programs rather than on the long-
term impact of the program. This is likely because framing educational initiatives using
common theories result in students learning less relevant content [30]. This contradicts the
notion of effective climate change education which is typically context-based and designed
considering the factors that explain the behavior of local students [31,32].

Climate change is a significant concern in countries like Malaysia, where the actions
of the general public, such as open burning, deforestation and the excessive use of energy,
water and transportation [9] are the major contributor to the emission of greenhouse gases.
During the United Nations Framework Convention on Climate Change (UNFCC) in 2015,
Malaysia has committed to reducing 35% of the emission intensity by 2030 [15]. The
Malaysian Government has framed the National Policy on Climate Change to mitigate cli-
mate change by controlling the anthropogenic causes of climate change such as greenhouse
gas emissions. However, after nine years of implementing the policy detrimental impacts
of climate change notable in the agriculture, forestry, biodiversity, water resources, coastal
and marine resources, public health and energy sectors [33]. Tang [33] further said that
extreme weather events, increase in average daily temperature, rising sea level and uneven
rainfalls denoting climate change is a real and impacting livelihood of the society. The
contemporary climate condition of the country suggests a context-based climate change
education is required for delivering behavioral change among Malaysian society. Hence,
this study was conducted to explore the factors that explain the climate conserving behavior
of Malaysian secondary school students.

Specifically, the study aims to measure the effects of secondary level students’ knowl-
edge about climate change, their belief and motivation on committing climate conserving
behaviors. A model describing the climate conserving behaviors was recommended based
on the combined effects of the variables.

2. Background
2.1. Climate Conserving Behavior

In the literature, the definition of pro-environmental behavior (PEB) varies. The
definition differs according to the type of actions either impact or intends oriented be-
havior [34]. Impact-oriented behavior refers to the behaviors that alter the availability of
materials or energy and the structure of dynamic ecosystems. Impact-oriented behavior is
performed for the betterment of the environment. Stern further categorized impact and
intend oriented behaviors as public and private sphere pro-environmental behaviors. Steg
and Vlek [35] refer to pro-environmental behavior as actions that only have a minimal
detrimental impact on the environment. In the meta-analysis of a collection of studies that
researched on PEB, Kollmuss and Agyeman [36] postulated pro-environmental behavior
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as “behavior that consciously seeks to minimize the negative impact of one’s actions on the
natural and built world” (p. 240). Besides, proposing a definition for PEB, the meta-analysis
also documented the development of theories and models explaining PEB beginning from
the linear progression model at the earlier times to contemporary use of the theory of
planned behavior (TPB) and value-belief-norm theory (VBN) as fundamental theories in
comprehending environmental actions.

The Linear progression model hypothesized knowledge of particular environmental
issues promotes environmental attitude and eventually engender PEB [37]. However, the
advocate of environmental education argued that knowledge alone does not necessarily
lead to PEB. The demographic, external and internal factors may have some positive and
negative influences on PEB [36]. Some studies adapted the TPB, a theory designed for
explaining general behaviors in social science [38], considering the integral roles of the
external and internal factors for describing PEB [39–41]. These studies report the behavioral
intention is the immediate antecedent for actual PEB. One’s belief, attitude, subjective
norm and perceived behavioral control are the factors that explain the pro-environmental
behavioral intention. Contradicting to TPB, in which the focus is to demonstrate more
general behaviors, Stern, Dietz, Abel, Guagnano and Kalof [42] and Stern [34] proposed
Value-Belief-Norm (VBN) theory explaining PEB. VBN theory postulated that the causal
chain of values, beliefs and norms inform behavior. The causal relationships between the
variables are widely employed to describe specific behaviors such as recycling and energy
and water conservation [43]. Few studies have used the VBN theory to describe climate
change behavior [44,45].

The actions to mitigate climate change known as climate conservation behaviors in-
clude opting for public transport, carpooling, conserving energy at home and recycling. The
impact and intend-oriented climate conservation or mitigating behaviors predominantly
centered on individuals [46]. The behaviors are largely habitual in which people behave
according to past experiences [34]. Combination of various causal factors determines
the habits driven private sphere pro-environmental behaviors. Past studies demonstrate
that various antecedents inform climate conserving behaviors. The antecedents include
belief [44,47,48], motivation [20,49,50] and knowledge [20,25,51–53]. Frequently, the causal
factors are context-specific and locally relevant. Earlier studies on climate change education
involving Malaysian students documented that secondary school students’ knowledge of
climate change is instrumental for behavioral change for mitigating climate change [52].
Another study employed climate change education to explore students’ belief that changing
their behavior decelerates the climate changes [54]. Motivation is another factor closely
related to Malaysian students’ climate conserving behaviors [20]. In the studies mentioned
above, the effects of belief, motivation and knowledge on climate conserving behavior
have been investigated in isolation. However, VBN and TPB denote that the antecedents
collectively inform behavior formation. The ultimate aim of this study is to establish a
model that collectively explains the effects of knowledge, belief and motivation on the
formation of climate conserving behaviors. Subsequently, the study bridges the gap in the
lack of such a model in the literature to explain climate conserving behaviors.

2.2. Knowledge and Climate Conserving Behavior

Advocates of environmental studies accredited knowledge as one of the antecedents
for pro-environmental behavior. For instance, Heimlich and Ardoin [55] perceived environ-
mental knowledge as the fundamental factor that triggers behavioral change. Hungerford
and Volk [56] further stressed that knowledge is one of the factors that influence behavior
modification.

Environmental knowledge is ascribed to the increase in pro-environmental behav-
ior [57]. Findings from another study revealed that students who are equipped with
knowledge on how their actions impact the environment embraces more environmen-
tally responsible behaviors [58]. A recent study involving students from Singapore and
Germany indicated that outdoor environmental education program increased the partici-
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pants’ environmental knowledge. The study detailed that the participants with advanced
knowledge performed more environmentally friendly behaviors than the others with lesser
experience [59].

The literature on climate conserving behavior renders knowledge as one of the critical
determining factors of climate conserving behavior. Knowledge is a prerequisite to compre-
hend the issue of climate change [11]. Anderson [10] claimed that new knowledge requires
to modify behavior that could slow the rate of climate change and subsequently decreases
the vulnerability of the natural and human system. The individual with a considerable
level of knowledge on climate change expressed concern about how their behavior could
influence climate change [60,61]. Another study proposed that awareness on the causes and
impacts of climate change influence behavioral changes towards protecting the climate [62].

Heimlich and Ardoin [55] said that knowledge that informs pro-environmental be-
haviors are multifaceted. The multifaceted knowledge consists of system knowledge,
action-related knowledge and knowledge on the effectiveness of actions. This knowledge
is derived from the combination of both system and action-related knowledge [63]. In
researching the three different types of knowledge and climate conserving behaviors, Bof-
ferding and Kloser [64] categorized how climate works as system knowledge. Behaviors
that influence the climate system as action-related knowledge and knowing the effective-
ness of the behavior in achieving the goals is known as effectiveness knowledge. The
three components of knowledge prescribed by Bofferding and Kloser [64] are essential in
understanding the science that underlies the climate change-related phenomena. These
components help in understanding global warming, greenhouse effect, ozone layer de-
pletion, acid rain, weather and climate, ocean and climate change and land and climate
change [32,51,52,65,66]. The effects of knowledge on pro-environmental behavior docu-
mented in the literature guided the researchers in formulating the following hypothesis:

Hypothesis 1 (H1). Knowledge about climate change-related phenomena such as global warming,
greenhouse effect, ozone layer depletion, acid rain, weather and climate, ocean and land has a
significant positive direct effect on the formation of climate conserving behaviors.

2.3. Belief and Climate Conserving Behavior

Belief is another psychological dimension inferred as precedents of pro-environmental
behavior [34,67,68] besides cognition. Findings from a study performed with young people in
Australia demonstrate that participants who were more pro-environmental had a greater belief
that it is the society’s responsibility to safeguard the environment [69]. A study by Schutte and
Bhullar [70] with a group of adults shows that individual belief about sustainability-related
behavior significantly relates to them performing self-reported behavior.

The literature defines belief in multiple ways. Gagnon Thompson and Barton [68]
suggested two conflicting belief systems ‘ecocentrism and anthropocentrism’ explaining
the pro-environmental behaviors. Individuals with ecocentric and anthropocentric belief
systems perform pro-environmental actions with different justifications. The individuals
with the ecocentric belief system support the conservation of the environment due to the
inherent value of nature. Anthropocentric individuals care for the environment because
the environment enhances their health and well-being [68].

Stern [34] presented belief as a three-dimensional construct. The three dimensions that
constitute belief are an individual’s worldview, awareness of adverse consequences and
ascription to responsibility. Worldview refers to an individual believe that the human and
environment relationship eventually determines the environmentally significant behaviors.
Awareness of adverse consequences refers to the belief that the individual is responsible
for the outcome of their action that affects human beings and other livings. Ascription
of responsibility denotes the steps that one could take to mitigate those consequences.
Stern [34] placed the three-dimensional views of belief between values and norms in the
value-belief-norm model describing pro-environmental behavior.
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Dunlap and Van Liere [67], in their earlier work, presented belief as beliefs about
humanity’s ability to upset the balance of nature, the existence of limits to growth for human
societies and humanity’s right to rule over the rest of nature. Dunlap, Van Liere, Mertig and
Jones [71] added two new facets and expanded the description of belief. The two new facets
of belief are the likelihood of ecocrises and antihuman exemptionalism (the belief that
humans are not exempt from the laws of nature). The New Ecological Paradigm presented
a five dimensions of belief which is widely used to measure environmental belief [72,73]
and appeared to have more robust psychometric features and it is theoretically better
grounded. Landon, Woosnam, Keith, Tarrant, Rubin and Ling [74] advocated that NEP
appropriately measures the belief about climate change.

The belief climate change is anthropogenic entails people to demonstrate climate
conserving behavior to decelerate climate changes [75]. A study done by Karpudewan [44]
proves that there is a significant positive relationship between students’ beliefs and climate
conserving behaviors. Experimental research indicates that a moderate positive relationship
exists between students’ climate change beliefs and intention to take action to reduce
climate change [76]. In the same study, the moderate relationship then turns to a strong
positive relationship after students in the treatment group exposed to hands-on activities.
A recent study done in Czech with upper primary and secondary level students confirmed
that students’ belief directly explains up to 18% of their willingness to act to alleviate global
warming [48].

The literature concerning belief in environmental studies revealed that belief is instru-
mental in explaining behavior. The literature mentioned above guided the formulation of
the hypothesis:

Hypothesis 2 (H2). Belief, as measured using five facets of NEP has a positive direct effect on the
formation of climate conserving behavior.

2.4. Motivation and Climate Conserving Behavior

Motivation is a factor that drives humans to perform behavior. Self-determination
theory (SDT) is the prominent motivational theory that describes the degree of behav-
ior regulations and the corresponding motivation [77,78]. The authors employed SDT
to propose a continuum on quality of motivation ranging from non-self-determined to
self-determined motivation. The lowest point of the continuum is amotivation which is the
non-self-determined motivation. The absence of external or internal forces for regulating
the behavior results in amotivation. Different degrees of regulation of external and internal
forces result in self-determined motivation. The second level of motivation in the SDT con-
tinuum after amotivation is extrinsic motivation. Extrinsic motivation refers to performing
the behaviors for obtaining both positive and negative distinctive outcomes than the real
intention of the activity. Based on the degree of internationalization of the forces, extrinsic
motivation is classified as external, introjected, identified and integrated regulations. Be-
haviors that arise from external regulations are motivated by external forces and performed
to avoid punishment to secure rewards. Introjected regulations direct the actions towards
satisfying ego to refrain from guilt and embarrassment. Identified regulations refer to
the behaviors performed to reflect self-identity. When the individuals fully assimilate
the identified regulation within them, the resulting behaviors are integrated within the
individual’s value system. Intrinsic motivation, the highest point of the continuum referred
to as self-determined motivation, reflects the behaviors performed for accomplishing the
inert satisfaction of the individual.

Past studies demonstrated positive relationships between different types of motivation
and pro-environmental behavior. For instance, a study involving a group of undergraduate
students revealed that self-determined motivation promoted lasting pro-environmental
behaviors [79]. Similar findings were also documented in a study involving students from
Australia [80]. Enhancement of pre-service teachers’ intrinsic and extrinsic motivation
encouraged the development of pro-environmental behaviors [81]. A study involving
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undergraduate students from Iran revealed that intrinsic and extrinsic rewards of envi-
ronmentally unfriendly behaviors as the direct determinants of pro-environmental be-
havior [82]. Pongiglione [83] identified barriers for the lacking motivation for adopting
pro-environmental behaviors among adults. The studies discussed above indicate that mo-
tivation as the antecedent for developing pro-environmental behaviors [84,85]. Motivation
is also integral for adopting climate conserving behaviors. For instance, van der Linden [86]
called for studies investigating the role of extrinsic and intrinsic motivation for sustaining
energy conservation behavior as a measure to address climate change. van Valkengoed
and Steg [50] performed a series of meta-analyses using data from 106 studies involving 23
countries to illustrate the key motivating factors that explain climate conserving behaviors’
adaptation. The review of past studies on self-determination theory and studies relating to
motivation and behavior guided the formulation of the following hypothesis:

Hypothesis 3 (H3). Motivation presented in the self-determined motivation continuum has a
significant positive effect on the formation of climate conserving behavior.

3. Methodology
3.1. Methods

This study investigated the effects of knowledge, beliefs and motivation on the for-
mation of climate conserving behaviors among Malaysian secondary school students. For
this purpose, the study employed SmartPLS 3.0 Ringle, Christian M. Wende, Sven and
Becker [87] to test the three hypotheses and the research model (Figure 1) formulated from
reviewing the literature.

Figure 1. Research Model of the Study.

3.2. Research Design and Sample

This study utilized a cross-sectional survey design. The survey design is deemed
appropriate as the survey requires collecting data from several secondary schools. The
students between 14 to 15 years enrolled in secondary schools in Malaysia represent the
study population. The convenient sampling strategy was employed to locate the four
schools from the Northern Region of Malaysia to participate in the study. A total of
221 students from the four schools participated in this study. The sample size, n = 221,
meets the ten times rules of a number of arrowheads pointing at a latent variable. The
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sample size is also bigger than the minimum sample size required at the significant level of
5% and minimum R2 of 0.10 for the statistical power of 80% [88]. The G*Power calculator
indicated that a minimum sample size of 103 is necessary for the study. The sample size n
= 221 adequate and full fills the requirement for the minimum sample size.

3.3. Instrumentation

The study employed the Climate Change Knowledge Inventory (CCKI) to measure
knowledge, the New Ecological Paradigm (NEP) scale to measure belief, the Motivation
Towards Environment Scale (MTES) for measuring motivation and the Self-Reported
Climate Conserving Behavior questionnaire to gauge behavior. Table 1 provides details
about the four instruments used in this study.

Table 1. Sources of the instruments and distributions of items in the questionnaires.

Antecedents Subscales Sources No of Items

Knowledge

Global Warming

[89,90]

5
Greenhouse Effect 3

Ozone Layer
Depletion 4

Acid Rain 3
Weather and Climate 3
Ocean and Climate

Change 3

Land and Climate
Change 4

Belief

Limits to Growth

New Ecological
Paradigm (NEP) Scale

[71]

3
Anti-

anthropocentrism 3

Balance of Nature 3
Rejection of

Exemptionalism 3

Eco-crisis 3

Motivation

Intrinsic Motivation

Motivation Toward
the Environment

Scale (MTES)
[91]

4
Integrated Regulation 4
Identified Regulation 4

Introjected
Regulation 4

External Regulation 4
Amotivation 4

Climate Conserving
Behavior

Self-Reported Climate
Conserving Behaviors

[28]
8

Climate Change Knowledge Inventory (CCKI) comprises 25 items. Students stated
their understanding of global warming, greenhouse effect, ozone layer depletion, acid rain,
weather and climate, ocean and climate change and land and climate change on a scale of 1
to 5. Following Hoppe, Taddicken and Reif’s [92] recommendation the scale ranging from
1 (strongly disagree) to 5 (strongly agree) was employed to ascertain students’ knowledge.
The items in the knowledge inventory have been adapted from the original work of Arslan,
Cigdemoglu, and Moseley [89] and Libarkin, Gold, Harris, McNeal and Bowles [90].

The New Ecological Paradigm (NEP) scale consisted of 15 items [71]. The 15 items
have been categorized into five subscales, the reality of limits of growth (1, 6, 11), anti-
anthropocentrism (2, 7, 12), the fragility of nature’s balance (3, 8, 13), rejection of exemp-
tionalism (4, 9, 14) and the possibility of an eco-crisis (5, 10, 15). The students responded to
items in the NEP, using a 5-points Likert-type scale ranging from 1 (strongly agree) to 5
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(strongly disagree). The NEP scale is widely employed to measure belief due to its high
internal consistency.

The researchers obtained the original version of the Motivation Towards Environment
Scale (MTES) from Pelletier, Tuson, Green-Demers, Noels, and Beaton [91]. The original
version of MTES consisted of 24-items categorized into six subscales. The six subscales cor-
respond to the different types of motivation indicated in the self-determination continuum.
Each subscale consisted of four items: Intrinsic motivation (1–4), integrated regulation
(5–8), identified regulation (9–12), introjected regulation (13–16), external regulation (17–20)
and amotivation (21–24). The items were rated using a 5-points Likert-type scale ranging
from 1 (does not correspond at all) to 5 (correspond exactly). MTES is known to possess a
high level of reliability. For this reason, MTES has been widely used to measure motivation
towards the environment (e.g., [20,93])

Climate conserving behaviors in this study is measured using eight self-reported
behavior items. The items focus on actions that decelerate the rate of climate change. The
items in the self-reported climate conserving behaviors instrument were adapted from
Dijkstra and Goedhart [28]. The students specified their degree of agreement to the climate
change conserving behaviors using the 5-points Likert scale varying from 1 (strongly
disagree) to 5 (strongly agree).

Prior to this study, a pretesting was conducted to gauge the reliability of the instru-
ments. For the pretesting purpose, 40 lower secondary students aged between 14 to 15 years
from a secondary school, six expert teachers and two climate change experts from a univer-
sity participated. A Cronbach’s alpha (α) = 0.755 for NEP, α = 0.816 for MTE and α = 0.725
was obtained for the Self-reported Climate Conserving Behaviors Measures. For Climate
Change Knowledge Inventory, the Cronbach’s alpha values ranging from 0.7 to 0.9 denote
the instruments are reliable for measuring knowledge, belief, motivation and behavior.
The teachers and climate change experts indicated that the instruments are appropriate in
terms of content and understandable for local students.

4. Data Collection

The study began with the researchers contacting the State Education Department
seeking permission to perform research in schools. The State Education Department
assisted the researchers with randomly assigning schools. The researchers then contacted
the schools recommended by the state education department. The researchers visited
the schools and discussed the research’s aim and procedures of the research with the
school principals and the participating teachers. The teachers helped in administering
the questionnaires to the students. Researchers contacted the assigned teacher from each
school and hand over the questionnaires and collected back the answered questionnaires
after two weeks.

5. Data Analysis

The objective of partial least squares structural equation modelling (PLS-SEM) is
to maximize the explained variance of the endogenous latent construct (dependent vari-
able) [94]. In the context of this study, the endogenous latent construct or dependent
variable refers to climate change conserving behavior. PLS-SEM allows an explanation of
exogenous latent constructs (independent variables) on the endogenous latent construct
(dependent variable).

A PLS path model comprises of measurement and structural models formulated in
testing the hypotheses. The measurement model exhibits the effects between the latent
variables (construct) and the manifested variables (items). The structural model demon-
strates the impact of the latent variables [95]. In this study, the manifest variables are
knowledge (measured as K1 through K25), belief (measured as B1 through B15), motivation
towards the environments (measured as M1 through M24) and climate conserving behavior
(measured as CCB1 through CCB8). The four latent variables in this study are knowledge
about climate change, belief, motivation and climate conserving behavior.
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6. Results
6.1. Assessment of Measurement Model

The loading values of nine items from the knowledge inventory (K11, K13, K16,
K17, K19, K20, K21, K24, K25) and one item from the motivation scale (M17) are lower
than 0.5. For assessing the measurement model, items with loading values below 0.5 are
removed [95]. The AVE values for knowledge, belief, motivation and climate conserving
behaviors are more than the recommended threshold value of 0.5. Since the AVE values are
greater than the threshold value of 0.5, the items with loading values of below 0.7 in all the
questionnaires were retained for further analysis [96]. The CR values above 0.9 recorded
for all the subscales infers that the items in the knowledge, belief, motivation and climate
conserving behaviors possesses a relatively high level of internal consistency [95]. Table 2
shows the outcome of the measurement model assessment.

Table 2. Assessment of Measurement Model.

Construct Items Loadings AVE CR

Knowledge K1 0.890 0.508 0.942
K2 0.627
K3 0.802
K4 0.730
K5 0.680
K6 0.730
K7 0.630
K8 0.810
K9 0.779

K10 0.738
K12 0.713
K14 0.793
K15 0.614
K18 0.580
K22 0.627
K23 0.532

Belief B1 0.651 0.585 0.954
B2 0.802
B3 0.751
B4 0.863
B5 0.702
B6 0.833
B7 0.768
B8 0.841
B9 0.759
B10 0.818
B11 0.667
B12 0.782
B13 0.676
B14 0.811
B 15 0.704
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Table 2. Cont.

Construct Items Loadings AVE CR
Motivation M1 0.909 0.692 0.981

M2 0.858
M3 0.788
M4 0.945
M5 0.949
M6 0.927
M7 0.906
M8 0.846
M9 0.804
M10 0.875
M11 0.702
M12 0.921
M13 0.795
M14 0.870
M15 0.678
M16 0.888
M18 0.578
M19 0.515
M20 0.643
M21 0.909
M22 0.843
M23 0.918
M24 0.87

Climate Conserving Behaviors PEB1 0.798 0.602 0.923
PEB2 0.845
PEB3 0.674
PEB4 0.844
PEB5 0.746
PEB6 0.71
PEB7 0.836
PEB8 0.735

The Fornell and Lacker Criterion, cross-loading comparisons and Heterotrait-Monotrait
ratio were employed to analyze the discriminant validity of the measurement model.

The findings of discriminant analysis using Fornell and Lacker Criterion, as shown in
Table 3 reveals that all the constructs exhibit satisfactory discriminant validity [97]. This is
because the square root of AVE is larger than the correlations for all reflective constructs.
The comparisons of the cross-loadings between constructs reveal that all the items load
higher on its construct but lower on the other constructs. Table 4 illustrates the findings
obtained from cross-loading comparisons.

Table 3. Discriminant Validity using Fornell and Lacker Criterion.

Belief Knowledge Motivation CCB

Belief 0.765
Knowledge −0.010 0.713
Motivation 0.331 0.336 0.832

CCB 0.474 0.438 0.734 0.776

The diagonals (in bold) represent the square root of the AVE while the off-diagonals represent the
correlations.
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Table 4. Cross-Loadings.

Belief Knowledge Motivation CCB

B1 0.651 −0.075 0.213 0.292
B10 0.818 −0.039 0.244 0.424
B11 0.667 −0.080 0.192 0.305
B12 0.782 0.080 0.202 0.376
B13 0.676 −0.081 0.202 0.199
B14 0.811 0.149 0.338 0.462
B15 0.704 −0.074 0.212 0.214
B2 0.802 0.084 0.390 0.476
B3 0.751 −0.035 0.223 0.319
B4 0.863 −0.029 0.221 0.427
B5 0.702 −0.113 0.257 0.280
B6 0.833 −0.015 0.233 0.394
B7 0.768 −0.031 0.231 0.256
B8 0.841 −0.032 0.320 0.461
B9 0.759 0.000 0.225 0.266
K1 −0.056 0.890 0.316 0.375
K10 0.024 0.738 0.206 0.350
K12 −0.013 0.713 0.159 0.296
K14 0.037 0.793 0.331 0.382
K15 0.049 0.614 0.151 0.28
K18 0.026 0.580 0.143 0.264
K2 0.024 0.627 0.227 0.203
K22 0.04 0.532 0.181 0.154
K23 −0.025 0.654 0.252 0.282
K3 −0.063 0.802 0.266 0.284
K4 0.042 0.730 0.195 0.266
K5 0.044 0.680 0.228 0.296
K6 −0.087 0.730 0.324 0.387
K7 −0.071 0.630 0.200 0.287
K8 0.000 0.810 0.252 0.328
K9 −0.022 0.779 0.311 0.398
M1 0.235 0.206 0.909 0.546

M10 0.369 0.352 0.875 0.777
M11 0.136 0.005 0.702 0.278
M12 0.368 0.384 0.921 0.743
M13 0.029 0.132 0.795 0.304
M14 0.223 0.229 0.870 0.510
M15 0.016 0.037 0.678 0.183
M16 0.207 0.283 0.888 0.559
M18 0.44 0.474 0.578 0.806
M19 0.359 0.269 0.515 0.573
M2 0.144 0.211 0.858 0.492

M20 −0.034 −0.001 0.643 0.157
M21 0.230 0.233 0.909 0.597
M22 0.299 0.22 0.843 0.586
M23 0.218 0.271 0.918 0.622
M24 0.141 0.215 0.870 0.515
M3 0.131 0.059 0.788 0.390
M4 0.276 0.276 0.945 0.629
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Table 4. Cont.

Belief Knowledge Motivation CCB

M5 0.328 0.309 0.949 0.666
M6 0.288 0.317 0.927 0.642
M7 0.257 0.279 0.906 0.597
M8 0.395 0.35 0.846 0.755
M9 0.415 0.452 0.804 0.825

CCB1 0.303 0.307 0.791 0.798
CCB2 0.384 0.432 0.701 0.845
CCB3 0.308 0.272 0.423 0.674
CCB4 0.431 0.407 0.496 0.844
CCB5 0.415 0.357 0.447 0.746
CCB6 0.324 0.165 0.463 0.71
CCB7 0.435 0.367 0.647 0.836
CCB8 0.343 0.369 0.466 0.735

Table 5 presents the findings of the analysis of discriminant validity obtained from
Heterotrait-Monotrait ratio (HTMT) technique developed by Henseler, Ringle, and Sarst-
edt [98]. As shown in Table 5, all the values fulfil the criterion of HTMT90 [99] and
HTMT85 [100]. This indicates that discriminant validity has been ascertained.

Table 5. Discriminant Validity using Heterotrait-Monotrait ratio (HTMT) Criterion.

Belief Knowledge Motivation CCB

Belief
Knowledge 0.122
Motivation 0.296 0.314

CCB 0.481 0.457 0.692

6.2. Assessment of Structural Model

Prior to evaluating the structural model, it is crucial to ensure that there is no lateral
collinearity issue in the structural model. According to Kock and Lynn [101], although
the criteria of discriminant validity (vertical collinearity) are met, lateral collinearity issue
(predictor-criterion collinearity) may sometimes mislead the findings in a stealth way,
because it can mask the strong causal effect in the model. This typically happens when two
variables that are hypothesized to be causally related measures the same construct [102].
Table 6 presents the outcome of the lateral collinearity assessment. All the inner variance
inflator factor (VIF) values for the independent variables (knowledge, belief and motivation)
are less than 5, indicating lateral multicollinearity is not a concern in the study [95].

Table 6. Lateral Collinearity Assessment.

Construct Belief Knowledge Motivation CCB (VIF)

Belief 1.145
Knowledge 1.149
Motivation 1.291

CCB

In this study, literature guided the formulation of three direct hypotheses between the
latent variables. The researchers generated t-statistics using SmartPLS 3.0 bootstrapping
function to test the three hypotheses at the significance level of 0.05. The assessment of
the path coefficient, as presented in Table 7, shows t-values ≥ 1.645 for all three paths.
The findings imply that the effects are significant at the level of 0.05 [95]. Precisely, the
predictors of knowledge (β = 0.259, p < 0.05), belief (β = 0.295, p < 0.05) and motivation (β =
0.546, p < 0.05) has a positive direct effect on the formation of climate conserving behaviors.
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Thus, H1, H2 and H3 are supported. The result demonstrates that motivation is the most
significant predictor of climate conserving behaviors, followed by belief and knowledge.
The R2 value of 0.655 above 0.26 indicates a substantial model [103]. The path diagram in
Figure 2 shows that the combination of knowledge, belief and motivation explains 65.5%
of the variances in the formation of climate conserving behaviors.

Table 7. Hypothesis Testing.

Hypothesis Relationship Std Beta Std Error t-Value Decision R2 f2 Q2 q2

H1 Knowledge
-> CCB 0.259 0.038 6.644 * Supported 0.655 0.165 0.383 0.057

H2 Belief ->
CCB 0.295 0.033 8.849 * Supported 0.218 0.078

H3 Motivation
-> CCB 0.546 0.038 14.693 * Supported 0.683 0.216

* p < 0.05.

The effect size (f2) was assessed to estimate the influence of independent latent vari-
ables on the dependent variable. According to Cohen [103], values of 0.02, 0.15 and 0.35
correspond to small, medium and substantial effect sizes. Findings in Table 7 suggest that
motivation has a considerable effect (f2 = 0.683) on forming climate conserving behaviors.
Both knowledge (f2 = 0.165) and belief (f2 = 0.218) show a moderate impact on the formation
of climate conserving behaviors.

The predictive relevance of the model is examined using the blindfolding procedure.
The Q2 = 0.383 larger than 0, suggest that the model has a substantial predictive rele-
vance [95,104]. The reported effect size of knowledge (q2 = 0.057) on CCB and effect size of
belief (q2 = 0.078) on CCB infers that both knowledge and belief produce weak effect. On
the contrary, the effect size of motivation (q2= 0.216) on CCB is relatively large [95].
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Figure 2. Path Diagram shows the variances in the pro-environmental behavior (PEB) explained by all the exogenous construct.
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7. Discussion

The scarcity of information about the antecedents that inform climate conserving
behaviors of Malaysian secondary students has prompted the researchers in performing this
study. Subsequently, the study bridges the gap, on the absence of literature documenting
the collective influence of knowledge about the environment, the belief that humans
and nature are interconnected and self-determined motivation on formations of climate
conserving behavior. The study documents several significant findings.

Firstly, the study reveals that knowledge about climate change has a significant
positive direct effect on the formation of climate conserving behavior. The significant direct
positive effects of knowledge on behavior documented in this study are parallel with other
studies which reported knowledge is fundamental to trigger behavioral change [55] and
behavior modification [56]. The findings also correspond to the claim that knowledge is a
prerequisite to change behaviors to conserve the climate. Although the effect of knowledge
on behavior is significant, the effect appeared small. Kim, Kim and Thapa [105] deliberated
that the multidimensional perspective of knowledge contributes to the weak effect. Kim,
Kim and Thapa [105] claim reflects the weak effect of knowledge on behavior in this study.
This is because the knowledge component in this study reflects the multidimensional
perspective as it measures students’ knowledge on climate change-related phenomena
such as global warming, greenhouse effect, ozone layer depletion, acid rain, weather
and climate, ocean and climate change, land and climate change. Similar components
of knowledge emerged in earlier studies that have investigated knowledge on climate
change [32,51,52,65,66].

Secondly, the current study reveals the effects of human belief on climate conserving
behaviors. The belief that there are ample resources in nature for them to extensively use
the resources. Humans extensively exploit the limited resources available in nature and
significantly affects the formation of climate conserving behavior in a positive direction.
The findings mirror the claims made by environmental advocates that belief is crucial for
developing pro-environmental behavior [34,67,68]. In the later years, the empirical findings
of several studies confirm the claims made by the advocators that belief affects formation of
climate conserving behaviors [44,48,75,76]. Although belief significantly affects behaviors,
the effect is notably small. This is because students agree with the five facets of NEP,
which represents the belief in this study. In other words, the students agree that climate
and humans are interconnected, humans are not dominant over nature, human activities
contribute to the excessive emission of greenhouse gases and exploitation of limited natural
resources available in nature. However, to a larger extent, the students did not translate
their agreement to the five facets of NEP into behavior [44,74].

Thirdly, the current study dictates that motivation significantly affects behavior forma-
tion in a positive direction. The finding echoes the idea that motivation drives individuals
towards performing targeted actions [79–81]. The results of the current study corroborated
earlier studies which demonstrate significant positive effects of different types of motiva-
tion and environmental behaviors including climate conserving behaviors [50,79–81,83–86].
This nature of the Malaysian secondary curriculum explains the considerable large effect
size of motivation. Environmental education has been integrated across several subjects
offered at the secondary level [106]. Education informs the students that human action
largely contributes to the destruction of the environment. Knowing humans are responsible
for protecting and conserving nature, different types of regulations, as indicated in SDT
continuum, affected students’ pro-environmental behaviors environment. Intrinsic and
extrinsic motivation are associated with different kinds of regulations that determine the
ultimate behavior.

Next, the study reveals that the three constructs of knowledge about climate change,
believing human and nature are the interconnected and self-determined motivation that
arises from one’s inert feelings in combination exhibited significant positive effects in
developing climate conserving behaviors. The three constructs in combination explain
65.5% of variances in the formation of climate conserving behavior among Malaysian
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secondary school students. The point to note here is that knowledge and belief in the
silo generated small effects on behavior. However, in the combined state, greater effects
were established. This infers that demographic, external and internal factors are integral
in forming climate conserving actions [36]. The contemporary local extreme weather
conditions, the adverse effects of climate change on lay peoples’ everyday living, the
impact on the peoples’ income and the abrupt change in the lifestyle influences the students’
decision making about their behavior. Additionally, the model that dictates the collective
effects of knowledge, belief and motivation on behavior complements the use of existing
prominent theories, namely TPB and VBN, in describing the climate conserving behaviors.

8. Conclusions

The study has several significant contributions to the literature. Firstly, the study
reports the collective effects of knowledge, belief and motivation on behavior formation.
The collective effects of the variables identified in the current study contribute to the litera-
ture. This is because literature predominately documented the role of the three variables
in forming behaviors in isolation [20,25,48,50,52,54]. Secondly, the study attempted to
include knowledge as one of the variables. In the past various other factors ruled out to
influence behavior [27,29,48,49]. The current research informs that knowledge distinctively
has a small effect. However, in combination with belief and motivation, knowledge plays
an instrumental role. Thirdly, the study reports that self-determined motivation largely
contributes to climate conserving behavior formation. The findings on the motivation
bridge the gap on the availability of minimal literature associating climate change behavior
and motivation.

Throughout the research, stringent measures have been undertaken to control the
internal and external threats to the validity of the research. However, the study exhibits
several limitations. One of the limitations is the sample size and characteristics of the
sample. The sample size and characteristics limit the generalization of the findings to
other parts of the country. The sample size (n = 221) of the study is sufficient to test the
hypothesis and to develop a model [88]. The sample that participated in this study are
from the Northern Region of the country. The samples represent the populations of lower
secondary students in the country because Malaysia practices centralized education system.
The schools throughout the country implement the same curriculum provided by the
Ministry of Education to the students [106]. However, to improve the validity of the model
further study is recommended involving a large sample size with students from different
parts of the country.
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