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ABSTRACT. The need to switch to renewable energy sources is growing due to environmental issues in developing
countries, where green technologies can achieve sustainable development. Thus, this research focuses on the
psychological and social antecedents of solar energy adoption through the integration of constructs derived from
Value-Belief-Norm (VBN) theory and the Theory of Planned Behavior (TPB). The research focuses on how perceived
consequences and ascription of responsibility from the VBN theory affect TPB constructs attitude, subjective norms,
and perceived behavioral control which drive behavioral intention. Research results after testing 5000 bootstrap
samples from 362 respondents, the findings suggest that perceived behavioral control has the strongest direct effect on
intention to solar energy adoption (beta = 0.268, p-value = 0.000), while perceived behavioral control affects attitude to
solar energy adoption (beta = 0.239, p-value = 0.000). The findings by the present study reveal that perceived
environment partially mediates the association between the attitude with behavioral intention and subjective norms
with behavioral intention and holistically mediate the behavioral control with intention to solar energy adoption but
the moderating role of perceived environment is insignificant for behavioral control with intention to solar energy
adoption. The practical effects include removing self-efficacy barriers and finding working-age workers. Future

research should include demographic cluster analysis and longitudinal views to improve core understanding.

1. INTRODUCTION
The accelerating impacts of climate change and growing concerns over environmental
degradation have heightened the urgency to transition toward renewable energy sources [1].

Solar energy as one of the renewable, efficient and clean approaches has become one of the
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leading sources of the energy transformation globally [2]. At the same time, several authors noted
that the penetration of solar energy remains irregular across different regions and social layers
[3]. Knowledge of these behavioural factors that predict intention to engage in solar energy use
is thus essential in closing the gap between recognition and action in fighting climate change.

Behavioral theories provide a robust framework for exploring the psychological and
social dimensions of pro-environmental actions. From these, the Value-Belief-Norm (VBN) theory
of environmentalism and the Theory of Planned Behavior (TPB) are found to be two closely
related theories that can be used to explain environmentally relevant behaviors. According to
VBN theory, personal values influence the perceptions of environmental impact, which evoke the
personal norms towards the environmentally responsible behavior [4]. Awareness of the
consequences, one of the two important constructs of the VBN, describes how people view
environmental outcomes influenced by their actions, and ascription of responsibility [5], the
second VBN construct, states the personal responsibility of the customers regarding the actions
necessary to reverse the impacts, negative and otherwise [6]. These constructs are important for
analysis of the first level of anchored motivational states that underlie attitudes toward the use
of solar energy.

Meanwhile, the TPB extends the analysis by incorporating the roles of attitude toward
solar energy adoption, subjective norms, and perceived behavioral control (PBC) as mediators
that translate values and beliefs into actionable intentions [7]. Attitude reflects the individual’s
evaluation of adopting solar energy, subjective norms capture the perceived social pressure to
adopt, and PBC assesses the individual’s perceived ability to undertake the behavior [8]; [9].
These mediators offer a detailed understanding of the interaction between psychological and
social factors in shaping behavioral intentions related to energy conservation [10].

Despite the fact that VBN and TPB are widely used in environmental psychology, few
studies have combined them directly to explore solar energy adoption [9]; [11]. The theoretical
gap highlighted here calls for an integration of the value-based beliefs in the VBN with the social
and the control-based cognition in TPB model. In addition, the mediating function of the
Perceived Environment or other contextual factors has not received enough attention [12].

To further emphasize the urgency of this research, Vietnam is one of the countries most
vulnerable to climate change, with rising sea levels and increasing frequency of extreme weather
events [13]. The country has recorded progressive improvements in the formulation of policies
in renewable energy with intentions of growing the solar energy system ratio in the energy
system [14]. There is still a number of barriers including; financial restrictions, low level of public
awareness, and limitations in technology [15].

To fill these gaps, the present research intends to synthesize and test a structural model

that explores the nature of the relationship between environmental responsibility by VBN
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constructs interfaces with TPB mediating variables to adopt solar energy intentions. The research
is expected to inform policymakers, businesses and educators in a bid to enhance the use of

renewable energy in the course of energy transformation globally.

2. LITERATURE REVIEW

The purpose of this research is to explore the psychological, social, and contextual factors
that drive individual intentions to adopt solar energy, addressing gaps in understanding pro-
environmental behaviors. To achieve this, the study integrates the Value-Belief-Norm (VBN)
Theory and the Theory of Planned Behavior (TPB). VBN theory pinpoints values of awareness of
consequences (AC) and ascription of responsibility (AR) as the predictors of environmental
responsibility and pro-environmental behaviours [4]. Meanwhile, TPB enlarges this approach
with mediators such as attitude toward solar energy adoption, subjective norms, and perceived
behavioral control that links beliefs to behavioral intentions [7]. This confirms the moderating
influence of the perceived environment, introduces the aspect of climate urgency and controls for
variations in environmental conditions that affect behavior [16]. Combined with these
complementary theories, the present research aims to build a comprehensive theoretical model
to describe and predict solar energy adoption behaviors in order to advance academics and
practical work related to sustainable energy consumption.

2.1 Perceived consequences (PC)

Perceived consequence means an understanding by an individual of the outcomes of the
action on the environment and society, thus strongly influencing his or her stances and actions
towards acceptance of sustainable options such as solar energy [8]. Examination of the literature
revealed that increased consciousness of the negative effects of conventional sources of energy
including fossil energy encourages the acceptance of solar energy due to its environmental
returns [4]; [17]. This awareness also strengthens perceived behavioral control, as individuals
who understand the urgency of environmental issues are more likely to perceive solar energy
adoption as a feasible and impactful solution [7].

Additionally, perceived consequences affect the level of subjective norms by increasing
the perceived prescriptive norms toward performing environmentally responsible behaviors. If
people observe that energy decisions have impacts on climate change, then they are more
sensitive to the social norms that promote appropriate energy consumption [18]. Furthermore,
perceived consequences does directly and indirectly affect attitude toward the adoption of solar
energy because people who understand there are consequences for the environment will be
compelled to embrace renewable energy such as solar energy [8]; [9]. The integration of such
findings underscores the importance of perceived consequences in understanding the

psychological and social antecedents of behavioral disposition toward solar energy.
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These relationships have been further investigated in the recent studies. For example,
Ghosh et al. (2024) pointed that environmental knowledge and perceived usefulness of solar
energy have a positive relationship with the buying intention, yet environmental concern has no
impact [19]. This suggests that the awareness must be made side with the right perceptions of the
usefulness of the technology in order to foster its adoption [20]. Similarly, the research used meta-
analysis to show that perceived benefits and subjective norms have a positive reciprocal
relationship to photovoltaic system residential adoption intention. This suggests that, apart from
perceived benefits of adopting the cardinal areas of specialization, social pressure influences the
decision as well [21].

The results presented here illustrate that perceived consequences plays a complex role in
influencing solar energy adoption. Although remind that awareness is a basic prerequisite, the
combination of past knowledge, perceived benefits, identified social norms, and individual
attitudes determines adoption intentions. Therefore, in order to successfully affect behavior,
programs that aim to promote solar energy should not just try to improve knowledge, but they
need also address these linked issues.

H1.a Based on the analysis, perceived consequences a significant and positive predictor
of attitude toward solar energy adoption.

H1.b Subjective norms has been positively influenced by perceived consequences.

H1.c Consequently, perceived consequences have an influence on perceived behavioral control.

2.2 Ascription of responsibility (AR)

Assumption of responsibility implies that part of an anthropological presumption of the
self is the acceptance of the individual’'s responsibility to address an environmental problem,
which consequently affects whose perception towards sustainable energy solutions [8].
Assumption of responsibility are predicted by a pro solar energy approach, and people who
perceived themselves as bearers of responsibility toward minimizing the negative impacts of our
planet feel more positively about the use of renewable energy solutions [22]. However, this study
examined the energy-conserving behaviours of employees in organisations; this does not capture
the flow of residential aptitude for adopting solar power by individuals and thus restricts
generalisation of the results of the study.

This sense of responsibility also likewise improves perceived behavioral control.
Employees who feel accountable for delivering results are more likely to report about numerous
obstacles regarding the implementation of solar energy [3]. While focusing on the perceived
benefits involved in behavior control, this research meta-analysis does not directly examine the
social emotional and moral aspects of responsibility which may thus under estimate the range of

influence of assuming responsibility.
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Moreover, role modeling matches the individual with the social norms that require him
or her to change and adopt pro-environmental behaviors. This alignment increases perceived
social norms to adapt to renewable energy technologies [18]. Although Cialdini et al. (2021)
scrutinized the figures that originate from outside the subjective norms, no distinct examination
of moral obligation internalized in responsibility taken comprises the study’s focus.

Finally, recent research results on ascription of responsibility affect intention toward the
enhanced implementation of solar energy through facilitating the intrinsic motivation geared
toward performing the right thing and meeting the expected social responsibility [9]. However,
the studies of other kinds rely on a different view by including ascription of responsibility into
the overall picture of green consumption, which may overlook its applicability to the solar energy
scenarios [8].

H2.a Ascription of responsibility (AR) has a positive effect on attitude toward solar energy
adoption.

H2.b Ascription of responsibility (AR) positively influences subjective norms.

H2.c Ascription of responsibility (AR) has a positive effect on perceived behavioral
control.

2.3 The mediating role of the theory of planned behavior in solar energy adoption

In the context of promoting renewable energy solutions, such as solar energy adoption,
the Theory of Planned Behavior (TPB) provides a comprehensive framework to understand the
psychological and social determinants of individual decision-making. Developed by [7], TPB
describes how three constructs of attitude, subjective norms and perceived behavioral control
collectively determine behavioral intention that is in turn a precursor for the actual behaviour.

Within this framework, attitude toward solar energy adoption captures an individual’s
evaluation of the behavior, which is often influenced by perceived benefits such as environmental
protection, cost savings, and energy independence [23]. While subjective norms concern
perceived social pressure or support for changing behaviour to be more environmentally friendly
[11]. These norms underscore that environmental context greatly influences pro-environmental
behaviours.

Perceived behavioral control represents an individual’s confidence in their ability to adopt
solar energy, accounting for perceived barriers such as financial constraints, technological
complexity, or lack of knowledge [24]. These two constructs together afford a more developed
appreciation of both the intrinsic and extrinsic intention towards use of solar energy [19].

H3.a Attitude toward solar energy adoption has a positive effect on intention toward solar energy
adoption.

H3.b Attitude toward solar energy adoption has a positive effect on perceived behavioral

control
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H4.a Subjective norms positively influence intention toward solar energy adoption.

H4.b Subjective norms positively influence perceived behavioral control

H5. Perceived behavioral control has a positive effect on intention toward solar energy
adoption.

2.4 The modrating role of the perceived environment.

Perceived environment encompasses people’s beliefs about their environmental conditions,
climatic change intensity, local pollution, and the need for renewable energy systems [12]. This
construct plays a critical moderating role in the relationships between the Theory of Planned Behavior
(TPB) constructs and intention toward solar energy adoption [16]. More specifically, the results
showed that perceived environment increases or decreases the impact of attitude, subjective norms
and perceived behavioral control on the intentions to adopt solar energy.

For instance, those with a favourable attitude towards the use of solar energy will have
intention when there is perceived unfavourable environment or existence of urgency in climate
change [3]. Similarly, subjective norms recover more authority wherever overload pollutes again
because perceived norms tolerate fewer harms to the environment [11]. In addition, the estimate of
an environment getting worse may enhance perceived behavioral control to vary as the individuals
perceived advantage and self-confidence in using solar energy systems increase [8]; [9].

This moderating role establishes environmental context factors as significantly relevant to
the applicability of TPB constructs and contributes towards a better understanding of the
behavioral intention related to renewable energy.

Hé.a Perceived environment moderates the relationship between attitude toward solar
energy adoption and intention toward solar energy adoption.

H6.b Subjective norms are directly influenced and moderated by perceived environment
in the study of intention toward solar energy adoption.

H6.c Perceived environment has a moderating effect on the relationship between
perceived behavioural control and intention towards adopting solar energy.

2.5 The behavioral intention for adoption towards the use of solar energy

Behavioral intention towards solar energy explains the extent of a person’s desire in
adopting solar energy solutions as part of their energy consuming behavior. According to the
Theory of Planned Behavior (TPB), behavioral intention is influenced by three core components:
self-reported perceived control, behavioral beliefs, and perceived normative beliefs [7]. A
favorable attitude towards solar energy, aroused by perceived utilities such as the conservation
of the environment and reduction in cost, greatly increases the intention [3]. Similarly, perceived
norms or pressures from other people, as well as social norms from friends, family and society at

large act as antecedents of intention especially in societies that uphold sustainable practices [25].
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In addition, regarding the theory of Value-Belief-Norm (VBN), the awareness of
consequences influences the intention of an individual through enhancing the attitudes and
matching norms of a society to environment friendly behaviors [4]; [26]. Also related to ascription
of responsibility, intended mediators are produced to give people a feeling of responsibility,
where they are compelled into making changes for adoption of renewable energy [1].
Collectively, these concepts explain the different extent of values, attitude, social factor, and
perceived behavioural control in predicting behavioural intention that, in this case, is the key to
improving the usage of solar energy [8].

As presented on the Figure 1, the mediating and moderating interactions of the study are
affirmed by the Value-Belief-Norm (VBN) theory and the Theory of Planned Behavior (TPB).

Attitude Toward Perceived Environment

Solar Energy

Awareness of
Consequences (AC)

\ 4

Behavioral Control Intention Toward
/ Solar Energy

Ascription of
Responsibility (AR)

Subjective Norms

Figure 1. Framework for environmental responsibility and the adoption of solar energy

Source: author’s synthesized, 2025

3. METHODOLOGY

3.1 Research design and sample size

This study employs a quantitative research design to investigate the factors influencing
solar energy adoption, integrating constructs from the Value-Belief-Norm (VBN) Theory and the
Theory of Planned Behavior (TPB) into a comprehensive conceptual framework. A structured
survey questionnaire is the most important data collection tool used. The questionnaire items are
created from other research questionnaires to achieve content reliability and validity.

For example, the items under the construct awareness of consequences are based on Kabir
et al., Farm et al., Wang et al. and Schulte et al. Ascription of responsibility is assessed by items
derived from Farm et al. (2024), Wang et al. (2023), Cialdini, and Jacobson (2021), and Pagliuca et
al. (2022). The construct attitude toward solar energy adoption measures are developed with
items from the previous works: Ghosh et al. (2024); Djurisic et al. (2020); Farm et al. (2024). For
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perceived behavioral control constructs, items are derived from Awais et al., 2022; Ghosh et al.,
2024; Ru et al., 2018. The perceived behavioral control encompass items attained from Ru et al.
(2018), Ghosh et al. (2024), and Djurisic et al. (2020). Perceived environment is assessed by items
borrowed from Latif et al. (2024); Gu and Jiang (2024); Farm et al. (2024); and Awais et al. (2022).
Last but not the least; behavioral intention includes items from Rehman et al., Farm et al., Sibtain
et al., and Hassan et al., (2024).

To measure the respondents’ perception and behavioral intent the survey uses a 5 Likert
scale with options including strongly disagree, disagree, neutral, agree and strongly agree [27].
In order to validate the measurement scales used in the study, a pilot study was carried out with
60 participants; 30 are faculty members teaching in the Faculty of Commerce and 30 are
households using solar energy systems [28]. These different types of pilots guarantee the
applicability and understandability of the questionnaire items to both academic and practical
settings. On validity, constructs” convergent validity and discriminant validity were analyzed by
performing Confirmatory Factor Analysis (CFA). The results demonstrate the following: The
reliability analysis was assessed by Cronbach’s Alpha and the values of all constructs were higher
than 0.70, so cross loadings were satisfactory. To check the convergent validity, AVE of all
constructs were above 0.50. Discriminant validity was tested using Fornell and Larcker criteria
which validated that each construct is different from others.

To examine the seven variables and have sufficient statistical power for hypothesis
testing, the blanket measurement model using partial least squares structural equation modeling
(PLS-SEM) was employed using four items per variable. Following the 10 times rule, which
requires a sample size at least ten times the number of indicators in the most complex construct,
a minimum of 280 responses was targeted. However, the study was designed for a total sample
size of 500, with 362 valid responses collected from January to May 2024.

3.2 Approach potential sample

Data gathering is done in two primary areas in order to achieve the sample heterogeneity.
First, respondents are contacted personally at trades across commercial centers and exhibitions
in products and solutions on light energy. Such places create an opportunity for the researchers
to interact with individuals who are interested in implementing solar energy. Second, survey was
carried out among inhabitants of agricultural regions and among households who either use or
planning to use solar energy systems. This one introduces additional context by leveraging user
and potential adopter data. This type of data collection allowed for clarity and accuracy in the
methodology of data collection. Face-to-face acquaintance was made, and the objective of the
research and the policies regarding anonymity were explained to them [29]. Some guidelines on the

use of the questionnaire and definition of the core constructs were given to facilitate understanding.
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Last, the questionnaire was administered through Google Forms whereby the participants were
provided with a link or a QR code to fill the questionnaires at their own free time [30].

3.3 Analytical techniques

The analytical steps are also carried out in a series of phases to provide credibility and
reliability of the results obtained. Frequency distributions provide the characteristics of
respondents as well the results of the surveys and that is why they are useful for fulfilling the
basic requirements of data analysis [31]. The internal consistency of the measurement scales is
determined by using Cronbach ‘s Alpha while the measurement model and the validity of the
constructs in terms of convergent and discriminant validity are measured by using confirmatory
factor analysis [32]. Finally, PLS-SEM is applied in order to test the postulated relationships
within the presented conceptual model. This method is especially suited to the examination of
complex models and is less sensitive to the distribution of data and to sample size [33]. This
design captures multiple types of data and uses sophisticated forms of analysis to offer a rich

picture of the antecedents of behaviour relevant to solar energy decisions.

4. THE FINDINGS

4.1 Descriptive statistics results

In this study, a total sample of 362 responses to the distributed questionnaire was
collected, providing detailed insights into the demographic characteristics within the research
context. Gender representation among respondents has 216 (59.67 %) female respondents and 146
(40.33%) male respondents. The largest portion of respondents is the age of 30-39 years old with
182 participants, or 50.27 % of the total respondents. Thus, 281 people (77,62% of the total
respondent’s pool) characterized themselves as an employee, 50 people (13,70%) as a manager,
and 51 people (13,92%) as unemployed. Detailed demographic information of the respondents
can be found in Table 1.

Table 1. Survey sample information

Demographic Options Count Frequency (%)

Gender Female 216 59.669
Male 146 40.331

Age 18-29 86 23.757
30-39 182 50.276
40-49 83 22.928
Up 50 11 3.039

Job Employees 281 77.624
Management 23 6.354
Unemployed 58 16.022

Source: author's analysis from datatest, 2025
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These results are significant because they show a wide but relevant sample mix, which

matches the study's demographics. The overrepresentation of working-age people, particularly

workers, fits the study's focus on behavioral factors impacting solar energy adoption because they

make energy consumption decisions [31]. The gender distribution also balances perceptions of

solar energy uptake across demographic groupings. These findings allow the study's conclusions

and policy suggestions for similar demographics to be used in real-world situations.

4.2 Reliability of measurement instruments

Table 2. Evaluating consistencyof measurement reliability

Items Questionnaire contents Cronbach's Outter VIF
alpha loading
PC Perceived Consequences 0.878
PC1  User acknowledges the negative environmental impacts of
conventional energy sources, such as fossil fuels (Kabir et al., 2018). 0.860 2.330
PC2  User recognizes the societal benefits of adopting solar energy as a
renewable energy solution (Farm et al., 2024). 0.886 2.555
PC3  User perceives solar energy adoption as an effective action to address
climate change and environmental issues (Wang et al., 2023). 0.886 2.524
PC4  User feels motivated to transition to solar energy due to its positive
contributions to environmental sustainability (Schulte et al., 2022;
Ghosh et al. (2024). 0.784 1.803
AR  Ascription of Responsibility 0.887
AR1  User feels personally responsible for addressing environmental issues
through sustainable energy choices (Farm et al., 2024). 0.870 2.369
AR2  User believes that they can enjoy the issue that is switching to solar
energy is moral (Wang et al., 2023). 0.864 2.343
AR3  Users understand that they have to use renewable power because of
society’s demand (Cialdini & Jacobson, 2021). 0.862 2.273
AR4  User perceives adopting solar energy as a way to fulfill their
responsibility to mitigate environmental harm (Pagliuca et al., 2022). 0.863 2.325
AT  Attitude toward solar energy adoption 0.869
AT1  User evaluates solar energy adoption positively due to its
environmental benefits Ghosh et al. (2024). 0.851 2.154
AT2  User is awareness of solar energy adoption means fulfilling energy
requirement at a cheaper rate (Djurisic et al., 2020). 0.832 2.008
AT3  User thinks that using solar energy improves the energy sovereignty
and efficiency (Djurisic et al., 2020). 0.838 2.016
AT4  User considers adoption of solar energy as a form of endeavoring to
support a solution to the environmental issues (Farm et al., 2024). 0.866 2.193
SN Subjective norms 0.889
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SN1  User gets a sense that the family will support him or her to embrace the
use of solar energy (Awais et al., 2022). 0.872 2.517
SN2  User is prompted by friends to switch into a solar energy system (Awais
et al., 2022). 0.862 2.181
SN3  User supposes that solar power is supported by their community
(Ghosh et al., 2024). 0.869 2.433
SN4  User feels the pressure from shoulders of society to shift to green
energy (Ru et al., 2018). 0.860 2.276
BC  Perceived behavioral control 0.888
BC1  User feels confident in their ability to afford solar energy technology
(Ru et al., 2018). 0.849 2.202
BC2  User believes enough knowledge is understood to appreciate
possibility of using solar energy Ghosh et al. (2024). 0.885 2.764
BC3  Users experience while implementing solar energy technology (Ru et
al., 2018). 0.877 2.648
BC4  User trusts who can handle solar energy adoption difficulties (Djurisic
et al., 2020). 0.847 2.111
PE The role moderates perceived environment 0.904
PE1  User is motivated to use solar energy by climate change (Latif et al.,
2024). 0.887 2.609
PE2  User acknowledges the criticality of local pollution as the key reason
for the need to embrace renewable energy systems (Gu & Jiang, 2024). 0.861 2.603
PE3  User has opinion that pollution of environment makes reliance on solar
power necessary (Farm et al., 2024). 0.902 2.651
PE4  Users will perceive that worst environmental conditions increase the
relevance of observing the appropriate social norms for being
environmentally friendly (Rehman et al., 2024; Awais et al., 2022). 0.870 2.751
IE Behavioral Intention 0.899
IE1 User intends to adopt solar energy solutions in the near future (Rehman
et al., 2024). 0.879 2.516
IE2  User perceived changes in society to use the solar energy in the future
(Farm et al., 2024). 0.878 2.576
IE3  User is ready and agrees to take solar energy as one of the alternatives
to consume energy (Sibtain et al., 2024). 0.860 2.247
IE4  User feels that it is about doing this change for, solar energy as part of
helping in making the state of the environment better (Hassan et al.,
2024). 0.885 2.738

Source: author's analysis from datatest, 2025

In respect to the internal consistency and the external truthfulness of the measuring items,

the reliabilities and validities of all of the constructs which are mentioned in Table 2 seem to be

sufficiently fit. All construct values on Cronbach’s Alpha test are above the acceptable criterion

of 0.70 [34], confirming internal consistency. For example, the construct perceived consequences
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gains Cronbach’s Alpha of 0.878, while intention to adopt solar energy gains 0.899. Similarly, the
value of outer loadings of all items are above 0.70 which is the acceptable limit [33], and the
minimum value observed is 0.784 for PC4 which proves the validity of individual items in
assessing their respective construct.s.trating the validity of individual items in measuring their
constructs.

Additionally, Moreover, the mean VIF for all the items also does not exceed the limit of
3.0, which avoids a problem such as multicollinearity [33]. For example, numbers of VIF for items
in subjective norms fall in the range of 2.181- 2.517. These results validate the reliability of the
measurement model, and the subsequent analysis using partial least squares structural equation

modeling.

4.3 Validation of measurement models

Table 3. Construct validity - Fornell and Larcker

CR AVE AR AT BC IE PC PE SN
AR  0.922 0.747 0.865
AT  0.910 0.718 0.314 0.847
BC 0.922 0.748 0.379 0.409 0.865
IE 0.929 0.767 0.353 0.456 0.488 0.876
PC 0916 0.732 0.421 0.329 0.362 0.372 0.855
PE  0.932 0.775 -0.208 -0.199 -0.195 -0.229 -0.173 0.880
SN 0.923 0.750 0.243 0.265 0.302 0.398 0.217 -0.110 0.866

Source: author's analysis from datatest, 2025

Note: Composite reliability (rho_c), average variance extracted (AVE), perceived consequences (PC), ascription of responsibility (AR),
attitude (AT), subjective norms (SN), perceived behavioral control (BC), perceived environment (PE), intention to adopt solar energy (IE)

Table 3 shows that the measurement model is construct validity using the Fornell-Larcker
criterion. Most importantly, all the constructs’ composite reliability estimate in excess of 0.70 evidencing
satisfactory internal consistency. For example, the dependability of ascription of responsibility in this
study has a composite reliability of 0.922 while that of perceived environment (PE) was 0.932 [35].

Moreover, all constructed have an average variance extracted (AVE) greater than 0.50 that
confirm the convergent validity (Fornell & Larcker, 1981). Perceived behavioral control (BC) and
intention to adopt solar energy (IE) have AVEs of 0.748 and 0.767, respectively, showing that the
constructs reflect their indicators.

Discriminant validity is confirmed by each construct's square root of AVE being bigger
than its correlations with others. The square root of AVE for ascription of responsibility (0.865)
exceeds its associations with attitude (0.314) and perceived behavioral control (0.379). These
results demonstrate the measurement model's resilience, making it suitable for hypothesis testing

and structural equation modeling.
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4.4 Assessment of hypothetical propositions

Table 4. Path coefficient analysis of the conceptual framework

Hypothesis Patch Coefficient beta Standard deviation T statistics P values
Hla PC -> AT 0.239 0.057 4.207 0.000
H1.b PC ->BC 0.165 0.053 3.098 0.002
Hl.c PC -> SN 0.139 0.059 2.369 0.018
H2.a AR -> AT 0.213 0.058 3.653 0.000
H2.b AR ->BC 0.193 0.055 3.527 0.000
H2.c AR -> SN 0.184 0.058 3.166 0.002
H3.a AT ->BC 0.254 0.052 4.368 0.000
H3.b AT ->1E 0.236 0.055 4251 0.000
H4.a SN > BC 0.153 0.052 2.915 0.004
H4.b SN > 1IE 0.193 0.056 3.450 0.001
H5 BC > IE 0.268 0.056 4.799 0.000
H6.a PE x AT -> IE 0.119 0.047 2.531 0.011
H6.b PE x BC > 1IE 0.065 0.045 1.453 0.146
H6.c PE x SN -> IE 0.122 0.052 2.341 0.019

Source: author's analysis from datatest, 2025
Note: Note: Perceived consequences (PC), ascription of responsibility (AR), attitude (AT), subjective norms (SN), perceived

behavioral control (BC), perceived environment (PE), intention to adopt solar energy (IE)

The results presented in Table 4 demonstrate the strength and significance of the direct
relationships in the conceptual framework. All tested hypotheses for direct relationships (H1.a,
H1.b, Hl.c; H2.a, H2.b, H2.c; H3.a, H3.b; H4.a, H4.b; H5) are statistically significant, with p-values
<0.05, confirming their acceptance. For instance, H1.a (PC -> AT) shows a positive and significant
effect with a coefficient of 0.239 (p = 0.000). Similarly, the interpretation of the test results for H5
(BC ->IE) was significant at a positive directional relationship (coefficient = 0.268, p = 0.000) hence
stating that perceived behavioral control is systematic to the actual adoption intention of solar
energy [36]. Such findings therefore require future research that covers a wide spectrum of the
predictor constructs regarding attitude, subjective norms, and perceived behavioural control,
towards the use of solar energy [8].

Conversely, the results obtained in the moderating relationships section are rather
inconclusive. H6.a (PE x AT -> IE) and Hé6.c (PE x SN -> IE) are both significant; coefficients are
0.119 (t = 2.53, p = 0.011) and 0.122 (t = 2.34, p = 0.019). This proves that perceived environment,
it does serve to amplify attitude (AT) and subjective norms (SN) in affecting intention to adopt
solar energy [21]. The test of the moderation hypothesis (H6.b: PE x BC — IE) found no significant
relationship between perceived behavioral control (BC) and intention to use solar energy (coefficient
= 0.065, t = 1.453, p = 0.146). Additionally, perceived environment (PE) does not moderate the effect
of BC on the intention to adopt solar energy [37].
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There is still some need to explain why H6.b did not achieve significance, even when the
direct relationship expressed in H5 appeared to be highly significant. They are suggesting that
the role of perceived behavioral control may be more primary than the influence of perceived
environment in encompassing the behavioral intention (coefficient = 0.268, p = 0.000). This can
be argued by the fact that the perceived behavioral control has a trait characteristic of people’s
outlook and their capabilities to act effectively, irrespective of the prevailing environmental
conditions [38]. On the other hand, attitude and subjective norms are generally influenced by the
context factors to a greater extent such as the severity of the environmental cues [39]. These
findings offer useful information about the complexity of behavioural aspects in solar energy
utilisation.

The total effects of variables within the measurement structure are outlined in the
following results, presumptions therefore being valid and presented in Table 5. The findings
herein present the direct and indirect impacts simultaneously, providing a realistic depiction of

the roles of the individual constructs in the framework’s functioning.

Table 5. Indirect effects in the measurement structure

Indirect effects Estimation Standard deviation T statistics P values
pathways coefficient (STDEYV) (O/STDEYV)

AR > AT 0.213 0.058 3.653 0.000
AR ->BC 0.275 0.054 5.123 0.000
AR > 1E 0.159 0.031 5.142 0.000
AR -> SN 0.184 0.058 3.166 0.002
AT -> BC 0.254 0.052 4.868 0.000
AT > IE 0.304 0.053 5.736 0.000
BC > 1E 0.268 0.056 4.799 0.000
PC > AT 0.239 0.057 4.207 0.000
PC > BC 0.247 0.054 4.554 0.000
PC > 1E 0.149 0.033 4.581 0.000
PC -> SN 0.139 0.059 2.369 0.018
SN -> BC 0.153 0.052 2.915 0.004
SN ->1E 0.233 0.056 4.187 0.000
PE x AT -> IE 0.119 0.047 2.531 0.011
PE x BC > IE 0.065 0.045 1.453 0.146
PE x SN -> [E 0.122 0.052 2.341 0.019

Source: author's analysis from datatest, 2025
Note: Note: Perceived consequences (PC), ascription of responsibility (AR), attitude (AT), subjective norms (SN), perceived

behavioral control (BC), perceived environment (PE), intention to adopt solar energy (IE)

The results in Table 5 demonstrate the cumulative effect of the factors on the intention to

adopt solar energy. Figure 2 illustrates the interrelated pathways by which the primary drivers
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influence solar energy adoption. This method enhances the model's interpretation, facilitating a

more profound comprehension of the behavioral aspects included in this investigation.
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Figure 2. Visualization of perceived consequences and responsibility attribution in the

value-belief-norm framework and theory of planned behavior for solar energy adoption.

Source: author's analysis from datatest, 2025
Note: Perceived consequences (PC), ascription of responsibility (AR), attitude (AT), subjective norms (SN), perceived

behavioral control (BC), perceived environment (PE), intention to adopt solar energy (IE)

5. DISCUSSION

The purpose of this study was to establish the relationship between variables derived
from the Value-Belief-Norm theory (VBN), Theory of Planned Behavior (ITPB) and the
individual’s intention to adopt solar energy (IE). The research specifically examined the impact
of perceived consequences (PC) and ascription of responsibility (AR) on TPB constructs attitude,
subjective norms, and perceived behavioral control while also analyzing the moderating role of
perceived environment in these relationships.

According to respondents, 77.62% are employees, and most of them, 50.27%, are within the
working-age group of 30-39 years. This concentration shows the group that is in charge of energy
decisions and it falls under the study thus making them relevant [40]. For the relationships between
perceived control and TPB constructs, PC and AR have coefficients ranging from 1.48 to 2.13, and all
are statistically significant at a level of p < 0.05. More importantly, the direct impact is most significant
in BC (0.268, p = 0.000) with AT second at 0.236, (p = 0.000). Indeed, we find a significant and positive
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moderation of PE on AT -> IE (b =0.119, p = 0.011) and SN -> IE (b = 0.122, p = 0.019), but not for PE
x BC->IE (b =0.065, p = 0.146).

The demographic findings also suggest that workers using solar energy are within the
working-age population, possibly due to enhanced sensitivity to the sustainability of the
environment and their financial potential [41]. The findings of the study depicting significant and
positive correlations between the concerned PC, AR, and TPB hypotheses support environmental
values and personal responsibility in carrying positive attitudes, strong perceived social
pressures and perceived behavioural control. These results are evident in [3] who pointed
relevance to psychological frameworks of renewable power. The dominance of the BC as a
predictor of IE is furthermore in supporting the significance of self-efficacy in overcoming the
perceived barriers including the financial or technological kind as corroborated by the results
obtained in the present study and in agreement with other prior works by [9]; [42]. However, the
fact that PE did not significantly moderate in the relationship BC -> IE provides evidence that
self-confidence regarding the ability to action is relatively not easy to external environmental
conditions.

These findings provide increased evidence for prior research of the VBN theory which
asserts that values, including those defined by PC and AR by [4], dictate environmental
behaviour. Likewise, the large part played by TPB constructs corresponds directly to [7] findings
that attitudes, norms, and control beliefs intervene between environmental beliefs and intention.
This mediational role of PE is in support of the argument by [12] that while contextual
environmental urgency intensifies the influence of attitudes and norms, however, where PE only
achieved a minimum of moderation which is BC -> IE, this differs from the finding of [8] wherein
self-efficacy can be argued to have a primary and direct control over intention irrespective of
environmental influence.

The majority of samples are the participants employed at the company within the age
range from 30 to 39 years old which may add sentiments and inclinations of this age group
affecting the results and cannot be applicable for younger or retired generations. Furthermore,
using self-collected data, there is always an opportunity to experience response bias as people
give answers that they think others want to hear instead of stating what is true [43]. Subsequent
studies should administer the research to more various subjects and use more longitudinal
research designs to assess subjects” behavior transformation.

The roles of various constructs embedded in the VBN and TPB frameworks are well
explained in the study under the context of solar energy adoption. Primarily, the tremendous
impact of the interaction between BC with IE, as well as the mediating role of PE in some relations,
proves the complexity of the intention to adopt solar energy [44]. These insights are in line with

and build on prior research and stress the importance of psychosocial contextual, and
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environmental solutions that promote sustainable human behaviour for fast, efficient

advancement of renewable energy.

6. CONCLUSION

In this study, the psychological, social and environmental factors promoting use of solar
energy among people was examined, thus filling the gap in understanding environmental
responsibility particularly in the process of energy transition globally.

The demographic analysis sets up a general framework for the analysis of the study.
Hence, the study involved 362 respondents; females comprised 59.67 %, and the respondents’ age
range was 30-39 years for 50.27%. Moreover, 77.62% of respondents reported that they are an
employee. These demographics support the applicability of the results on working-age
populations, which are directly involved in decision-making regarding energy use, and give a
solid starting point to analyse behavioural aspects affecting the acceptance of solar energy.

The study shows that perceived consequences (PC) and ascription of responsibility (AR)
from the VBN theory have a significant effect on attitude (AT), subjective norms (SN), and
perceived behavioural control (BC) with path coefficients of 0.139-0.213, (p < 0.05). This explains
the place of environmental values and personal responsibility for the psychological constructs in
TPB that define intention to adopt solar energy IE. More specifically, PC was most predictive of
AT (coefficient = 0.239, p = 0.000) which underlines the role of this construct for the formation of
positive attitudes towards solar energy.

The measures of TPB (AT, SN, BC) exerts a highly mediating influence with intention to adopt
solar energy (IE). BC has the largest and positive (coefficient = 0.268, p = 0.000) and AT (coefficient =
0.236, p = 0.000). Based on this, it has accentuated perceived behavioural control as a leading factor
mainly owing to self-effort to counter barriers in the advancement of solar energy undertakings. The
results given above also confirm that all the TPB constructs play a role in influencing the intention but
the BC is the most influential.

The study also validates the hypothesis that perceived environment (PE) partially
mediates the TPB constructs and intention to adopt solar energy. More precisely, their PE
significantly enhances the influence of AT (coefficient = 0.119, p = 0.011) and SN (coefficient =
0.122, p = 0.019) on IE. Nevertheless, the influence of this factor on the correlation between BC
and IE is not significant (coefficient = 0.065, p = 0.146). This indicates that even though external
environmental conditions enhance the moderating impact of attitude and social norms,
independence of BC on IE reduces the intervening moderation of PE.

Thus, further research on the role of values, beliefs, and contextual environmental
conditions should be included in the approaches targeting the enhancement of effective strategies

for implementing common agendas for growing solar energy acceptance among the global
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community’s participants [45]. Moreover, the revealed findings are valuable for policymakers
and researchers with further developing effective strategies for integrated distributions of
effective value-related beliefs in the contextual environmental conditions, focused on the increase

of solar energy acceptance.

7. IMPLICATIONS (PRACTICAL, SOCIAL, RESEARCH)

This study on environmental responsibility and solar energy adoption provides valuable
implications. Practically, demographic findings reveal that targeting working-age employees,
particularly females aged 30-39, through marketing campaigns and policies can effectively promote
solar energy adoption. The strong influence of perceived consequences and ascription of responsibility
on attitude and subjective norms underscores the need for campaigns emphasizing the environmental
benefits of solar energy and fostering personal accountability. Additionally, this immunising effect of
perceived repercussions on attitude (coefficient = 0.239, p = 0.000) implies that the future promotion of
solar energy should focus on the environmental consequences [46]. Because of the central role of
perceived behaviour control, efforts utilising theory should focus on increasing perceived control while
reducing cost and technical requirements.

Socially, the awareness raising and collective responsibility are necessary and sufficient factors
fostering the pro-environmental attitudes and strengthened social norms thereby the community
initiatives and educational programmes serve as the cornerstone in that respect [3]. In that sense, by
bringing environmental concern, such programmes may positively establish societal norms of
sustainable energy-use change [47]. The significant influence of subjective norms on behavioral
intention to adopt solar energy (coefficient = 0.122, p = 0.019) highlights the importance of leveraging
social networks and peer influence to encourage adoption.

For future research, this study’s reliance on working-age employees limits its
generalizability. Broadening the research base to younger, retired, rural citizens may provide a
better measure of behavioural trends [41]. Furthermore, the insignificant moderating role of
perceived environment on perceived behavioural control with behavioural intention to adopt
solar energy relationship has an implication that further research and constructions of contextual
or cultural may be useful [48]. Future research should also actively explore how perceived
environment might moderate the relationship between attitude and subjective norms, because
this was found to be a significant moderator in these pathways. Longitudinal studies can again
be helpful in affording greater understanding of how behavioural intentions change with changes

in the environments and societies [36].
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