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Abstract

Non-technical summary. Energy communities allow people to produce, share, and manage
renewable energy together, helping reduce carbon emissions and decentralize the energy sys-
tem. Their success, however, depends on whether citizens are willing to participate. This study
explores what drives people to engage in these communities, especially the influence of posi-
tive emotions and the feeling of empowerment. By surveying Portuguese citizens, the research
shows that joy and empowerment significantly increase interest and participation in energy
communities. These insights can help policymakers and practitioners create more engaging
and citizen-centred sustainable initiatives.
Technical summary. Energy communities play a key role in advancing decentralized and low-
carbon energy systems by placing citizens at the centre of energy production andmanagement.
Yet, their effective implementation depends on citizens’ willingness to engage.This study exam-
ines the determinants of citizens’ behavioural intention to participate in energy communities,
with particular emphasis on hedonic motivations and empowerment. To do so, a conceptual
model integrating the Hedonic-Motivation System Adoption Model (HMSAM) and empow-
erment theory was developed. Data were collected through an online survey administered
to Portuguese citizens, yielding 307 valid responses. Structural equation modelling (SEM)
was used to test the proposed relationships. The results show that empowerment signifi-
cantly moderates the effect of joy on behavioural intention, strengthening both the intention
to participate and overall engagement in energy communities. These findings highlight the
importance of positive emotional experiences and perceived control in motivating sustain-
able behaviours. The study provides practical guidance for policymakers and practitioners
seeking to enhance citizen engagement, suggesting that fostering empowering and emotion-
ally rewarding experiences can support the development and successful uptake of energy
communities.
Social media summary. Empowerment and joy boost citizen engagement in renewable
energy communities.

1. Introduction

Energy communities have emerged as central models integrating economic, environmental,
and social perspectives in energy choices (Cavallaro et al., 2023). They signify a transfor-
mative approach fostering collective generation, management, and consumption of energy
resources to address climate change, promote renewable sources, and enhance sustainabil-
ity. Despite variations in terminology, energy communities essentially represent collaborative
efforts towards decentralized energy production and consumption (Kyriakopoulos, 2022).
Understanding the motivations driving individual participation in energy communities is
crucial, influenced by factors such as technology acceptance, legal frameworks, and geo-
graphical context. Economic disparities further shape adoption rates, with higher prevalence
observed in wealthier northern European countries (Verde & Rossetto, 2020). Moreover, sus-
tainable communities prioritize values beyond economic gains, emphasizing mutual aid and
renewable practices (Gui & MacGill, 2018). The design of grid charges plays a pivotal role
in incentivizing engagement with clean energy and decentralized production (Abada et al.,
2020). As the energy sector transitions towards digitalization, there is an increasing need for
enabling technologies facilitating monitoring, data processing, and algorithm implementa-
tion within energy communities (Menniti et al., 2022). The integration of these technologies
is critical for the effective implementation and sustainability of energy communities, under-
scoring their role in promoting sustainable energy practices (Martínez-Peláez et al., 2023).
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This study emphasizes the role of social innovations in driv-
ing sustainable transitions (Dóci et al., 2015), aligned with the
importance of community-driven approaches in energy systems.
While previous research highlights the motivations behind suc-
cessful energy communities that encourage active participation
(Sale et al., 2022), there remains a need for deeper insights
into how these motivations translate into proactive citizen roles
in energy transformation models (Otamendi-Irizar et al., 2022).
Despite the extensive literature on the economic and environmen-
tal benefits of energy communities, gaps persist in understanding
the socio-technical dynamics and wider participation in energy
communities.

The primary objective of this study is to identify the motiva-
tions behind successful energy communities that encourage active
participation focusing on the role of positive emotions, specifically
hedonic motivations and empowerment. By doing so, the research
aims to highlight the potential for energy communities to attract
stakeholder investment and promote a proactive and meaningful
participation of the citizens in the energy transformation model.
Therefore, amodel is developed based on twowell-known theories:
hedonic-motivation system adoption model and the empower-
ment theory. By complementing these two theories, it is possible to
have a holistic understanding of these positive motivations on cit-
izens’ decisions, comprehending how they can lead to purposeful
participation in energy communities.

The contributions of this study are the following. First, by
analysing the determinants of citizens engagement on energy com-
munities, contributes to the on-going investigation on the topic of
local strategies towards the decentralization and decarbonization
of the energy systems, focusing not only on the technical factors,
but especially on the role of the citizen. Second, by extending the
hedonic-motivation system adoption model using the empower-
ment theory, the current study provides a deeper understanding
of the psychological and emotional factors that drive individuals
to participate in energy communities. This extension sheds light
on how empowerment enhances engagement levels within these
communities, ultimately supporting a broader energy transition.
Finally, these findings offer valuable insights into strategies to foster
community engagement and promote sustainable energy practices,
contributing to the wider perceptions of energy transition and pro-
viding a strong foundation for understanding and improving the
effectiveness of energy communities.

2. Theoretical background

2.1. The concept of energy communities and European
framework

Energy communities are increasingly recognized as crucial for
advancing sustainable energy by bridging local engagement and
renewable resource utilization. They represent voluntary associ-
ations of diverse actors, including citizens, local authorities, and
small to medium-sized enterprises, who prioritize environmen-
tal, economic, and social benefits over financial profits, thereby
aligning with broader community goals (Arnould and Quiroz,
2022). A key feature of such initiatives is the role of prosumers,
who can lower their energy costs and manage surplus generation,
either storing it or selling it back to the grid (Gui & MacGill,
2018). Beyond energy production, energy communities contribute
to social development goals by inspiring citizen participation, fos-
tering renewable energy adoption (Otamendi-Irizar et al., 2022),

and generating wider socio-economic benefits such as local job
creation (Mey et al., 2016).

Within the European context, energy communities are pro-
moted under the clean energy directives, while renewable energy
communities, addressed in the renewable energy directive II
2018/2001, focus solely on renewable energy; Citizen energy com-
munities, governed by the Internal electricity market directive
2019/944, cover all electricity types, offering a broader scope (Sale
et al., 2022). These entities emphasize democratic governance,
shared ownership, and public acceptance of renewables, while also
mobilizing private capital for energy transition (Caratù et al., 2023).
The scale of their impact is already notable: over 7,700 communi-
ties across Europe engage around 2 million people, contributing
approximately 7% of installed national capacity and generating 6.3
GW of renewable power, with investments exceeding €2.6 billion
(Tatti et al., 2023). As highlighted by the European Commission,
such initiatives act as catalysts for deploying renewable tech-
nologies and integrating citizens into energy systems, fostering a
sustainable and inclusive energy future.

The choice of Portugal as the case study is justified on both
empirical and theoretical grounds. First, Portugal possesses sub-
stantial untapped potential in renewable energy production and
has an active civil society mobilizing around citizens’ energy com-
munities. Second, Portugal has been relatively late in implement-
ing energy communities compared to other EU member states,
meaning that the institutional and organizational models are still
being shaped, leaving room for experimentation and innovation
(Santos et al., 2025). Third, the recent transposition of EU direc-
tives into national legislation has created a window of opportunity
for pilot projects and novel energy-sharing scenarios (Decree-Law
No. 162/2019; Regulation No. 373/2021; Decree-Law No. 15/2022;
Regulation No. 815/2023). These policy changes align with EU
objectives while simultaneously highlighting the technical and reg-
ulatory challenges that remain to be addressed. This evolving legal
and policy framework makes Portugal a highly relevant and timely
setting in which to explore the drivers of citizen engagement in
energy communities.

2.2. Motivations for energy community engagement

Norms, as customary rules of behaviour, endure through confor-
mity, such as investing in renewable energy to align with peers.
These norms are driven by individual motivations, encompass-
ing both self-regarding and social/moral aspects (Broska, 2021).
The complexity of these motivations makes them challenging to
delineate. Social and moral norms, including environmental con-
cern and trust, can play a crucial role when fostering positive
behaviour and community engagement (Kalkbrenner & Roosen,
2016). This engagement becomes most effective when people are
in close spatial proximity, enhancing motivation and promoting a
shared identity within communities (Bauwens, 2016).

The determinants of engagement in community energy projects
aremultifaceted, including attitudes, context, andpersonal capabil-
ity. Dimensions of social capital can be regarded as one of the most
important contributing factors to pro-environmental behaviours
(Rodrigues et al., 2020). For community energy projects to succeed,
robust participation, sufficient financial resources, and govern-
ment support are essential (Karytsas & Theodoropoulou, 2022).
People engage in volunteering and community energy projects
for several reasons, including personal and collective benefits
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(Goedkoop et al., 2022). Motivations for participating in sustain-
able projects vary and may include economic, social, or personal
considerations. Personal motivation, particularly environmental
concern, leads individuals to adopt sustainable behaviours and
engage in community activities (Sloot et al., 2018). Engagement
in energy communities is influenced by financial, environmen-
tal, and communal motives. Community ownership, in particular,
fosters pride and optimistic attitudes, establishing strong relation-
ships within geographical contexts (Sloot et al., 2019). Moreover,
social identity is a significant predictor of behavioural intentions
(Bauwens & Devine-Wright, 2018).

2.3. Hedonic-Motivation System Adoption Model (HMSAM)

The adoption of hedonic-motivation systems is gaining relevance
in the global economy, distinguishing themselves from utilitarian-
motivation systems by prioritizing pleasure over productivity.
Contrasting utilitarian systems, which are driven by an explicitly
derived need for tangible benefits and specific outcomes, hedo-
nic systems are focused on creating a profound level of immersion
centred around user experience (Lowry et al., 2013). This dif-
ference underlines the varying objectives of these systems: The
utilitarian systems aim at efficiency and effectiveness, while the
hedonic systems are oriented toward the maximization of enjoy-
ment and satisfaction.Hedonic-motivation systems are also related
to the area of user-acceptance models by explaining the differences
between pragmatic and hedonism-oriented information systems
(Van Der Heijden, 2004). This distinction is evident through the
emphasis on intrinsic motivation, characterized by perceived ease
of use and joy, as opposed to extrinsic motivation, represented by
perceived usefulness (Ma et al., 2024). This difference is important
because it underscores how users engage with systems based on
their motivational drivers. To further delve into intrinsic motiva-
tion, the concept of cognitive absorption was introduced alongside
perceived ease of use and perceived usefulness as key components
of the flow state (Kim&Hall, 2019).This state of deep involvement
and focus is essential to understanding user behaviour in hedo-
nic contexts, exemplified by replacing the concept of pleasure with
cognitive absorption. Some substructures, like curiosity, joy, and
control, are thus established. These variables strongly influence the
perceived ease of use and behavioural intention to use such sys-
tems, providing a better understanding of user engagement (Lowry
et al., 2013).

The HMSAM was designed to enhance the comprehension of
hedonic-motivation systems adoption. This model includes vari-
ables such as behavioural intention, perceived usefulness, control,
curiosity, focused immersion, joy, perceived ease of use, and tem-
poral dissociation (Palos-Sanchez et al., 2024). These factors are
incorporated into the HMSAM, which provides a thorough frame-
work to analyse user adoption and engagement with hedonic
systems. Moreover, the HMSAM underscores the importance of
intrinsic motivation, where perceived ease of use and joy are key
indicators. Perceived usefulness serves as an indicator of extrin-
sic motivation, mediating the relationship between perceived ease
of use and behaviour intention to use (Van Der Heijden, 2004).
This model posits that users who are internally motivated expe-
rience higher levels of involvement and concentration, which are
crucial for immersion in their activities (Guo & Poole, 2009). The
addition of perceived enjoyment and subjectivewell-being canpro-
vide a more comprehensive understanding of user experience and
satisfaction (Kim & Hall, 2019). By understanding the interplay

between these factors, we can better appreciate how hedonic sys-
tems captivate and retain users, ultimately driving their adoption
and continued use.

2.4. Empowerment theory

Empowerment theory tries to explain how individuals and com-
munities take control and gain influence over their lives and envi-
ronments (Perkins&Zimmerman, 1995).This theory is not a static
concept but a dynamic process that varies depending on the context
in which it gets applied. It includes the combination of three pri-
mary components: intrapersonal, interactional, and behavioural.
Intrapersonal empowerment implies personal influence over social
and political systems; interactional empowerment focuses on effec-
tive engagement with one’s environment. Behavioural empow-
erment refers to the execution of actions that affect the social
and political spheres (Zimmerman et al., 1992). When individ-
uals gain more control, especially those who previously lacked
access to resources, they can experience greater participation in
democratic processes and have a heightened awareness towards
their surroundings (Rappaport, 1987). This path to empowerment
encompasses both methods and results, indicating that people can
become empowered by deliberate action. Major elements of this
process include goal setting and attainment, striving for access to
resources, understanding sociopolitical dynamics, and participat-
ing in organizational processes that enhance engagement (Perkins
& Zimmerman, 1995).

Citizen participation is essential to achieve an empowerment
statement, and it involves an equal share of power and promot-
ing individuals’ sense of self-determination and efficacy (Füller
et al., 2009). This approach helps reduce feelings of powerless-
ness, leading people to take initiative and persistence in activ-
ities that are experienced as empowering. Consequently, there
is a notable increase in motivation and participation, resulting
in a community that is more proactive and involved (Conger
and Kanungo, 2024). Empowerment also explains why individuals
engage in pro-environmental consumer behaviour, as the psycho-
logical empowerment acquired from such actions can become
a force motivating future behaviour, as it goes on to leave the
individual feeling capable and influential. This sense of com-
petence and control drives them to address issues they care
about, further empowering them through their actions and deci-
sions (Hartmann et al., 2018). By breaking down the concept
into four dimensions: competence, meaning, impact, and self-
determination. Competence is the possession of the requisite skills
to perform a behaviour effectively. Meaning is concerned with
the personal significance attached to an activity. Impact denotes
the stated effective and perceived results of an activity. Self-
determination refers to the feeling of being responsible for the
results of actions taken (Naranjo-Zolotov et al., 2019). In this way,
empowerment is also about gaining power in specific areas, mainly
through citizens’ influence, which is a precondition for meaning-
ful participation in community life. Feeling proud of a community
also makes the citizens feel empowered. Moreover, the feeling
of empowerment is not only for citizen engagement subjects but
also concerning themes of understanding technology acceptance.
Technology has the potential for the empowerment of people as
individuals and as communities, offering different ways in which
to participate and exert influence (Neves, Oliveira, Sarker, et al.,
2024b).

Thus, empowerment theory is then a wide-ranging framework
that emphasizes the importance of participation and the dynamic

https://doi.org/10.1017/sus.2025.10044 Published online by Cambridge University Press

https://doi.org/10.1017/sus.2025.10044


4 Moniz et al.

progression of attaining empowerment and belongingness, influ-
encing decision-making processes in communities and driving
change. A chronological summary of various studies focused on
empowerment presented in Appendix A.

3. Research model

The adoption of technology relies primarily on perceived useful-
ness and perceived ease of use (Davis, 1989), as they are critical
determinants of effective technology utilization (Venkatesh et al.,
2003). In the context of local energy communities, perceived ease
of use reflects the mental effort involved in participating in such
community activities, while perceived usefulness emphasizes the
gain associated with improved performance and sustainability of
the communities (Van Der Heijden, 2004). Energy community
tools, such as sustainable technologies that are perceived as eas-
ier to use tend to consequently be more likely to accepted by users,
playing therefore significant parts in user acceptance of technology
in energy communities (Yao et al., 2024). Once these technologies
are easy to use, users perceive them as more useful for achiev-
ing their goals, which encourages their participation and support
(Meloni et al., 2025). Therefore, we hypothesize that:

H1a: Perceived ease of use positively impacts perceived usefulness

A system’s perceived ease of use can stimulate users’ curiosity in
the energy community context (Lowry et al., 2013). When systems
or platforms are user-friendly, they spark individuals’ interest and
motivate them to explore related topics in energy, such as renew-
able sources and energy conservation (Paneru et al., 2025) and
users feel more confident in managing and adapting their partici-
pation according to their desires (Tbaishat et al., 2025). This sense
of control can lead to higher satisfaction and increased involve-
ment in community activities (Mehdizadeh et al., 2025). While
control and perceived ease of use as modelled separately in dif-
ferent prior studies, they influence technology adoption (Erekalo
et al., 2025). There is a significant interaction between control and
perceived ease of use. If one had control over the behaviour and
perceived that it was going to be much easier to do, then we believe
the indifference shouldn’t occur, as the individual probablymakes a
more positive assessment about the chance of obtaining the desired
outcome (Hansen et al., 2018). Perceived ease of use increases
individuals’ perceptions of control within an energy community
(Palos-Sanchez et al., 2024).

Individuals who tend to explore new technologies, even with-
out extensive prior knowledge, are inclined to form preliminary
expectations that interacting with the technology will be intuitive
and enjoyable (Lee et al., 2011).

Perceived ease of use can enhance the experience of citizens
within an energy community bymaking interactionsmore fun (Ma
et al., 2024).When individuals enjoy participating in energy initia-
tives, they are more likely to continue contributing to the commu-
nity (Arango-Quiroga et al., 2025). Pleasant experiences can also
foster a sense of belonging and pride within the energy community
(Vafaei-Zadeh et al., 2025). Therefore, it is hypothesized that:

H1b: Perceived ease of use positively impacts curiosity

H1c: Perceived ease of use positively impacts control

H1d: Perceived ease of use positively impacts joy

H1e: Perceived ease of use positively impacts empowerment

Perceived usefulness, being defined as a key perception of users
when interacting with information systems (Liu et al., 2025), is
described as a cognitive belief that an individual holds toward a
system, which can rapidly influence the user’s attitude and sub-
sequent usage behaviour (Davis et al., 1989), and also regarding
the system’s capability to enhance performance and achieve desired
outcomes (Palacios-Marqués et al., 2013).Therefore, in the context
of energy communities, when individuals perceive these commu-
nities as valuable and beneficial, they are more likely to develop
the intention to join and actively participate in them (Perez et al.,
2023).The community’s ability to provide tangible benefits, such as
access to clean energy and enhanced community engagement, can
influence this perception of usefulness (Chanda et al., 2025). The
energy community’s perceived value and usefulness play a crucial
role in shaping users’ intentions (Verma et al., 2018). Therefore, it
is hypothesized that:

H2: Perceived usefulness positively impacts behaviour intention to
use.

Curiosity is defined as an internally motivated form of informa-
tion seeking (Kidd & Hayden, 2015). While related constructs
such as thrill-seeking reflect the pursuit of novel and intense expe-
riences, curiosity specifically drives individuals to explore what
others are doing and thinking (Sutton et al., 2025). It is a central
component of human cognition, facilitating divergent thinking,
innovative problem-solving, and the ability to navigate complex
and uncertain challenges (Kashdan et al., 2020).

At the behavioural level, curiosity fosters heightened interest,
sustained attention, and deeper engagement with new knowledge
and experiences (Chen et al., 2025). Even in situations marked by
uncertainty or potential risks, such as energy communities, curios-
ity functions as a strong motivator of continued participation and
involvement (Antonio et al., 2025). When individuals are curious
about community activities, they aremore likely to utilize available
tools and facilities to satisfy that curiosity, which in turn fosters
greater participation and collaboration (Lowry et al., 2013). As
interest deepens, individuals become more attentive and absorbed
in the community experience, strengthening their connection to
its goals (Lowry et al., 2013). Therefore, it is hypothesized that:

H3a: Curiosity positively impacts behaviour intention to use

H3b: Curiosity positively impacts immersion

Control is defined as an individual’s self-perception of their capa-
bilities and capacity to regulate actions necessary for performing a
given behaviour (Marín Puchades et al., 2018). When individuals
perceive sufficient control over a situation, they are more willing
to take risks and engage in activities that may be uncertain or
demanding (Wang et al., 2025).High perceived behavioural control
is linked to stronger motivation and persistence, whereas low per-
ceived control often results in reduced motivation and premature
disengagement (Yzer, 2012).

Perceived control also enhances immersion, as individuals who
believe they can influence their environment and community tend
to demonstrate deeper engagement and sustained participation
(Antonio et al., 2025). When users perceive influence over their
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experiences, they are more likely to remain actively engaged and
invested in decision-making (Lowry et al., 2013). In the con-
text of energy communities, this sense of control over energy
use and related decisions increases individuals’ involvement and
commitment to collective goals (Eunike et al., 2024). Therefore, it
is hypothesized that:

H4: Control positively impacts immersion

Incorporating joy into the design of engagement activities is essen-
tial to ensure that diverse audiences are intrinsically motivated
and experience psychological rewards (Wu et al., 2025). In the
context of energy communities, this can be achieved by creat-
ing opportunities for community members to contribute to pol-
icy formation, thereby strengthening self-efficacy, or by fostering
social engagement and shared experiences within identity groups
(Fogg-Rogers et al., 2024). Since humans are inherently social
beings, activities that encourage peer approval and reinforcement
(Fogg-Rogers et al., 2021), as well as those that promote helping
behaviours and contributions to society, are particularly effective
in sustaining engagement. Therefore, joy is a distinct positive emo-
tion that emerges when individuals perceive accomplishment or
progress toward valued goals (Fredrickson & Levenson, 1998).
Experiencing joy enhances motivation, driving individuals to pur-
sue goals with determination (Behnke et al., 2022). Beyondmotiva-
tion, joy broadens awareness, deepens reflection, and strengthens
information processing, thereby enriching cognitive engagement
and decision-making (Janani & Vijayalakshmi, 2025).

Citizens’ emotional responses to new initiatives often depend
on their prior awareness; positive reactions are amplified when
projects are perceived to deliver environmental improvements and
tangible benefits for residents, reinforcing engagement with energy
technologies (Huijts, 2018). In the context of energy communi-
ties, joy positively influences behavioural intentions to participate
(Ma et al., 2024). Positive emotions generated through commu-
nity interactions increase members’ willingness to engage in future
activities and contribute to collective success (Ye et al., 2022).
Moreover, joyful experiences capture attention and foster immer-
sion, enhancing feelings of belonging and commitment to the
community (Ma et al., 2024). Therefore, it is hypothesized that:

H5a: Joy positively impacts behaviour intention to use

H5b: Joy positively impacts immersion.

The transformation of the global energy landscape has intensified
attention on empowerment as a mechanism for advancing energy
efficiency (Jing et al., 2025). Empowerment emerges through par-
ticipatory practices such as public meetings, focus groups, citizen
juries, and participatory budgeting, which create pathways for
interaction between citizens and different levels of government
in shaping public service delivery (Cardullo & Kitchin, 2024).
By strengthening perceptions of personal efficacy, empowerment
enhances belief in the effectiveness of conservation efforts, moti-
vating sustainable behaviour and narrowing the persistent attitude
– behaviour gap (Chan&Tangri, 2025). In environmental contexts,
it reduces barriers related to effort and decision-making, thereby
fostering eco-friendly practices with wider social benefits (Truc,
2024).

In energy communities, empowerment provides members with
a sense of agency and autonomy, encouraging proactive engage-
ment and sustained commitment to collective goals. This per-
ception of influence nurtures immersion and strengthens bonds
within the community (Neves, Oliveira, Sarker, et al., 2024b).
Therefore, it is hypothesized that:

H6a: Empowerment positively impacts behaviour intention to use

H6b: Empowerment positively impacts immersion

Empowerment becomes a mechanism for facilitating collective
intelligence open to innovation while promoting knowledge, serv-
ing not only as a motivational construct but also as an affective
social experience (Indrayanti et al., 2025). In this sense, empower-
ment may moderate the effect of joy on behaviour intention to use
and immersion. In a condition where an individual is empowered,
their experience of joy can have a more intense or more positive
influence on their intentions to use certain behaviours or levels of
immersion in activities related to the energy community.This com-
bination can enhance overall engagement and commitment within
the energy community. Therefore, it is hypothesized that:

H7a:Empowerment positivelymoderates the relationship between
joy and behaviour intention to use

H7b: Empowerment positivelymoderates the relationship between
joy and behaviour immersion

The research model is presented in Figure 1.

4. Methods

4.1. Measurement

The measurement items for the questionnaire, as shown in
Appendix B, were based on those proposed without significant
changes. The following constructs are based on perceived ease
of use, perceived usefulness, curiosity, joy, control, behaviour
intention to use and immersion, as mentioned by Lowry et al.
(2013); and competence, meaning, impact, and self-determination
by Neves, Oliveira, Sarker, et al. (2024b).

4.2. Data

An online questionnaire was developed in Qualtrics and dis-
tributed from the 8th to the 30th ofMarch 2024 for data collection.
The survey collected data solely from Portugal, as the study aimed
to understand Portuguese citizens’ willingness to join energy com-
munities. Participants were invited to answer the survey via email,
personal messages, and other social network applications. In par-
ticular, the survey was disseminated online through social media
groups and forums related to the topic of energy. The survey was
therefore open to all interested individuals rather than restricted
to participants in energy communities. Respondents were not nec-
essarily members of energy communities but individuals with an
interest in the topic, following the same sampling strategy of sim-
ilar articles on the topic (Neves, Oliveira, Sarker, et al., 2024b)
The distribution was broad to collect all the data within three
weeks. A total of 307 responses were submitted and validated. The
adequacy of the sample size for SEM follows the 10-times rule.
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Figure 1. Conceptual model.
Note: ‘+’ indicates an expected positive relationship, whereas ‘–’ indicates an expected negative relationship.

The 10-times rule suggests that the minimum sample size should
exceed 10 times the maximum number of structural paths point-
ing at a latent variable in the model (Hair et al., 2011). The sample
satisfies this requirement, and it is supported by similar studies
(Coelho et al., 2024; Ferreira et al., 2023; Mateus et al., 2023). The
questions were measured on a seven-point numerical scale: (1-
completely disagree; 7-completely agree), with only the endpoints
labelled, and without a “don´t know/prefer not to answer” option,
following the scales used in the studies from which the constructs
were sourced and adapted. Nevertheless, respondents could with-
draw from the survey at any time, ensuring that no one was forced
to answer. Only fully completed questionnaires were considered
valid, and since all questions were mandatory, the dataset does not
contain missing values. The questionnaire was written in English
first, and then it was translated into Portuguese in order to allow the
participants to respond more easily (Cha et al., 2007). It was trans-
lated back to English to ensure that all questions had equivalent
meanings. A pilot test with 30 responses indicated that the items
were adequately measuring the constructs. Two distinct methods
were used to evaluate the possibility of common-method bias.
According to the results of Harman’s single-factor test (Podsakoff
et al., 2003), each factor contributed less than 50% of the variation,
meaning that no single factor could account for the majority of the
variance. Additionally, the survey’s ostensibly immaterial marker
variable resulted in a minimal maximum shared variance of just
2.8%, a value that (Johnson et al., 2011) found trivial, indicating
the absence of common-method bias.

As seen in Table 1, regarding sample characteristics, 28% of
respondents were male, and 72% were female. The average age of
the respondents was 36 years, and most were single. Regarding
education, 65% of the participants hold a higher education degree,
while 35% do not. Moreover, over half of the participants worked.
The average number of persons in a family was three, and 60%

lived in urban areas, while 40% lived in rural areas, mostly in
single-family homes or apartments. Most responders had cars.

4.3. Demographic variables

Research on consumer behaviour commonly incorporates control
variables, particularly socio-demographic characteristics (Davis,
2010; Erell et al., 2018; Neves, Oliveira, Karatzas, et al., 2024a;
Yang & Zhao, 2015). In this study, age, gender, education, and liv-
ing area were included as demographic variables to account for
their potential influence and to ensure the robustness of the esti-
mated effects of the explanatory variables. All control variables
were treated as categorical, except for age. Specifically, gender was
coded as 0 = female and 1 = male; education as 0 = non-higher
education and 1 = higher education; and living area as 0 = rural
and 1 = urban.

5. Data analysis and results

With the help of SmartPLS4, the partial least squares structural
equationmodelling (PLS-SEM) technique was used to estimate the
research model. This method is appropriate for testing research
models that have not been previously examined. Additionally, PLS
does not require strong assumptions about the distribution of data,
making it a suitable method (Hair et al., 2011).

5.1. Measurement model

A set of analyses were made to assess the measurement model.
The composite reliability (CR), the mean and standard devia-
tion (STD) of the reflective constructs were calculated as shown
in Table 2. All the constructs observe a CR higher than 0.7,
indicating satisfactory internal consistency and reliability of the

https://doi.org/10.1017/sus.2025.10044 Published online by Cambridge University Press

https://doi.org/10.1017/sus.2025.10044


Global Sustainability 7

Table 1. Sample characteristics

Sample characteristics:
307 responses

Descriptive
statistics

Gender Male 28%

Female 72%

Age (average) 36

Marital status Single 52%

Married 38%

Divorced 9%

Widower 1%

Education Non-higher 35%

Higher 65%

Employment Student 21%

Unemployed 4%

Employee 60%

Self-employee 14%

Retired 2%

Number of individuals living in the household (average) 3

Living area Rural area 40%

Urban area 60%

Building type Single-family house 40%

Apartment/
Condominium

40%

Semi-detached house 7%

Row house 2%

Country house 12%

Mobility Car 86%

Public transport 11%

Bicycle 1%

By foot 2%

measurement instruments. To assess the discriminant validity,
the Fornell–Larcker criterion was used to determine whether the
square root of each construct’s average variance extracted (AVE)
was higher than its highest correlation with any other construct
(Fornell and Larcker, 1981). When evaluating the Heterotrait-
Monotrait Ratio (HTMT) (Appendix C), it was confirmed that
all diagonal values were lower than 0.9, except for the BIU with
Im. With a 97.5% confidence interval, the value stayed below 1.
As shown in Appendix D, the loadings and cross-loadings on the
associated construct were greater than all of its loadings on other
constructs.

Table 3 verifies the multicollinearity and relevance of the eval-
uated indicator weights for the reflective-formative constructs.
Variance inflation factor (VIF) scores were lower than 5, indicating
no issues with multicollinearity (Hair et al., 2022).

5.2. Structural model

When examining the structural model, the path coefficients were
revealed through bootstrappingwith 5000 iterations of resampling. Ta
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Table 3. Formative measurement model evaluation (*p-value<0.1; **p-
value<0.05; ***p-value<0.01)

Formative con-
struct (second-order
construct)

Constructs (first-order
reflective) Weights VIF

Empowerment
(reflective-formative
type)

Competence (Cp) 0.359*** 2.682

Meaning (M) 0.347*** 4.167

Impact (Ip) 0.352*** 4.038

Self-determination (SD) 0.366*** 2.700

To further ensure the robustness of these findings, Table 4 reports
the results with and without demographic variables. Comparing
the two models reveals that, although some control variables have
significant effects, the main hypothesized paths remain largely
unchanged in terms of both significance and coefficient values. At
the same time, demographic variables revealed additional effects:
genderwas negatively associatedwith perceived usefulness, curios-
ity, control, and joy; age was positively associated with curiosity
and control but negatively associated with behavioural intention
and immersion; education showed small positive effects on curios-
ity and joy; and finally, living area was negatively associated with
behavioural intention to participate.

The model explains 67.5% of the variation of the behaviour
intention to participate, and 67.2% by the immersion in energy
communities, as shown in Figure 2. All the hypotheses were con-
firmed, except H1e (β̂ = 0.000, p> 0.1), H2 (β̂ = −0.006; p> 0.1),
and H4 (β̂ = 0.076; p > 0.1), because their p-values are not statis-
tically significant, then H1a (β̂ = 0.759, p< 0.01), H1b (β̂ = 0.671,
p < 0.01), H1c (β̂ = 0.677, p < 0.01), H1d (β̂ = 0.712, p < 0.01),
H3a (β̂ = 0.372, p < 0.01), H3b (β̂ = 0.388, p < 0.01), H5a
(β̂ = 0.298, p < 0.01), H5b (β̂ = 0.222, p < 0.01), H6a (β̂ = 0.221,
p< 0.01),H6b (β̂ = 0.224, p< 0.01),H7a (β̂ = 0.093, p< 0.01), and
H7b (β̂ = 0.066, p< 0.05), complete what was previously known to
participate in energy communities and engage in their activities as
it is summarizes in Table 5with the hypothesis results, revealing the
path coefficients, t-values, 95% CIs, p-values, and support status.

5.3. Moderator role of empowerment

The data support the hypothesis, also showing that empower-
ment plays a moderating effect in the relationship between joy
and behaviour intention to use, H7a (β = 0.093, p < 0.01), or
even joy and immersion H7b (β = 0.066, p < 0.05). Figures 3
and 4 illustrate the impact of empowerment on behaviour inten-
tion, use, and immersion, respectively. Joy has minimum impact
on the behaviour intention to use or immersion for people with
low levels of empowerment. On the other hand, when an individ-
ual feels empowered, joy has a stronger influence on their purpose
to utilize and immerse in the energy community.

6. Discussion

The purpose of this research is to identify the factors impacting
engagement in energy communities and related activities. For this
purpose, a model was developed joining the hedonic-motivation
system adoption model and the empowerment theory. To the best

Table 4. Main paths without and with demographic variables
(*p-value<0.1; **p-value<0.05; ***p-value<0.01)

Path Without control With control

Perceived ease of use ->
Perceived usefulness

0.748*** 0.759***

Perceived ease of use ->
Curiosity

0.672*** 0.671***

Perceived ease of use -> Control 0.690*** 0.677***

Perceived ease of use -> Joy 0.707*** 0.712***

Perceived ease of use ->
Empowerment

0.000 0.000

Perceived usefulness ->
Behaviour intention to use

−0.002 −0.006

Curiosity -> Behaviour intention
to use

0.347*** 0.372***

Curiosity -> Immersion 0.374*** 0.388***

Control -> Immersion 0.070 0.076

Joy -> Behaviour intention to
use

0.300*** 0.298***

Joy -> Immersion 0.222*** 0.222***

Empowerment -> Behaviour
intention to use

0.221*** 0.221***

Empowerment -> Immersion 0.224*** 0.224***

Empowerment × Joy ->
Behaviour intention to use

0.102*** 0.093***

Empowerment × Joy ->
Immersion

0.066** 0.066**

Gender -> Perceived usefulness — −0.212**

Gender -> Curiosity — −0.209**

Gender -> Control — −0.093

Gender -> Joy — −0.223**

Gender -> Empowerment — 0.001

Gender -> Behaviour intention
to use

— 0.058

Gen -> Immersion — 0.091

Age -> Perceived usefulness — 0.006

Age -> Curiosity — 0.073*

Age -> Control — 0.106**

Age -> Joy — 0.038

Age -> Empowerment — 0.000

Age -> Behaviour intention to
use

— −0.058*

Age -> Immersion — −0.060**

Education -> Perceived
usefulness

— 0.055

Education -> Curiosity — 0.069

Education -> Control — −0.008

Education -> Joy — 0.127

Education -> Empowerment — 0.000

(Continued)
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Table 4. (Continued.)

Path Without control With control

Education -> Behaviour
intention to use

— −0.088

Education -> Immersion — −0.079

Living area -> Perceived
usefulness

— 0.065

Living area -> Curiosity — 0.122

Living area -> Control — −0.008

Living area -> Joy — 0.020

Living area -> Empowerment — 0.000

Living area -> Behaviour
intention to use

— −0.158**

Living area -> Immersion — −0.029

of our knowledge, this is the first time that energy communi-
ties’ engagement is analysed under this perspective, focusing on
the role of positive emotions, such as hedonic motivations and
empowerment, rather than the usual utilitarian ones.

The results confirm that hedonic motivations such as joy and
curiosity, along with empowerment, remain central, while demo-
graphic factors indicate potential barriers. The results indicate that
women show greater emotional connection and perceive more
value in participating in energy communities, aligning with prior
findings that women often express higher environmental con-
cern and community orientation (Subiza-Pérez et al., 2020). Age
appears to play a dual role: older respondents show greater curios-
ity and control but lower intention and immersion, possibly due
to perceived complexity or lower long-term incentives. For educa-
tion, the slight positive leanings toward curiosity and joy indicate

that individuals with higher education levels tend to exhibit slightly
higher intrinsic interest and positive emotions toward energy com-
munity engagement.

It is also important to consider the socio-territorial context
in which energy communities emerge. Rural areas in Portugal,
which produce substantial renewable energy from solar, wind, and
hydropower, offer opportunities to develop local energy commu-
nities that boost sustainability and empower citizens (Dijkstra &
Theise, 2025). Despite regional differences, the analysis reveals an
urban–rural gap, showing that urban residents are more likely to
express willingness to join and participate in energy communi-
ties. This could be attributed to greater exposure to sustainabil-
ity campaigns, higher social visibility of collective projects, and
more accessible institutional support in urban areas. In opposi-
tion, rural participants may face organizational or informational
barriers despite their proximity to renewable resources, reflecting a
missed opportunity for local empowerment and community-based
energy transition.

In the end, the main model relationships remain robust even
after including these control variables, confirming the validity of
our findings.

6.1. Theoretical implications

The theoretical contribution of this study to the literature on
energy communities is manifold. First, it advances understanding
of the motivators for citizen participation by adopting a citizen-
centred perspective, rather than the institutional or operational
focus that dominates previous research (Neves, Oliveira, Sarker,
et al., 2024b). By combining the hedonic-motivation system adop-
tion model (HMSAM) with the empowerment theory, the study
highlights how positive emotions and feelings of empowerment
are decisive drivers of engagement. This approach contrasts with

Figure 2. Structural model (***p < 0.01; **p < 0.05; *p < 0.1).
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Table 5. Hypothesis results

Hypothesis β̂ (path coef.) t-Value 95% CI p-Value Supported? Y/N

H1a 0.759 21.825 [0.686; 0.821] 0.000 Y

H1b 0.671 17.065 [0.593; 0.745] 0.000 Y

H1c 0.677 19.038 [0.606; 0.743] 0.000 Y

H1d 0.712 18.588 [0.634; 0.782] 0.000 Y

H1e 0.000 0.480 [−0.001; 0.002] 0.631 N

H2 −0.006 0.084 [−0.156; 0.137] 0.933 N

H3a 0.372 4.809 [0.221; 0.523] 0.000 Y

H3b 0.388 4.232 [0.204; 0.564] 0.000 Y

H4 0.076 1.164 [−0.049; 0.204] 0.244 N

H5a 0.298 3.181 [0.114; 0.481] 0.001 Y

H5b 0.222 2.622 [0.055; 0.390] 0.009 Y

H6a 0.221 3.521 [0.098; 0.346] 0.000 Y

H6b 0.224 3.193 [0.088; 0.362] 0.001 Y

H7a 0.093 2.592 [0.026; 0.166] 0.010 Y

H7b 0.066 2.096 [0.003; 0.114] 0.036 Y

Figure 3. Moderator effect on behaviour intention to use.

Figure 4. Moderator effect on immersion.

earlier studies that primarily examined the stimulus of technol-
ogy as a driver of pro-environmental behaviour, under the SOR
(stimulus-organism-response) framework or the potential role of
gamification features (Neves, Oliveira, Sarker, et al., 2024b).

Second, our findings support and extend the importance
of emotional and social dimensions in shaping sustainable
behaviours. Results show that joy leads to more meaningful
environmental experiences, while environmental awareness and
community-relatedness contribute to long-term sustainable habits.
This resonates with prior studies drawing on the theory of planned
behaviour (TPB), where factors such as trust, altruism, and per-
sonal characteristics have been identified as key factors of partic-
ipation (Neves, Oliveira, and Santini, 2024). However, our model
provides a more integrated explanation by showing how hedonic
motivations and empowerment jointly influence behaviour, going
beyond utilitarian or normative determinants.

Third, this complements research based on social identity and
pro-environmental behaviour theories, where community com-
mitment, trust, and knowledge were highlighted as substantial
predictors of participation (Neves, Oliveira, and Karatzas, 2025).
Our findings expand these insights by demonstrating that empow-
erment acts not only as a contextual factor but as a moderator that
interacts with hedonic motivations to shape participation.

Altogether, the study extends the scope of the HMSAM into the
domain of energy communities, where its applicability is beyond
traditional areas of social networks, virtual communities or gami-
fication processes (Perez et al., 2023), complements and connects
with theories such as TAM (Lowry et al., 2013), TPB, SOR, and
social identity theory. By emphasizing hedonic and empowerment-
based motivations, it provides a more nuanced understanding of
why citizens join and remain engaged in energy communities,
thus reinforcing the value of integrating technology adoption and
behavioural theories in this emerging field.
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6.2. Managerial/practical implications

The need to take into consideration citizens’ views and involve
them in the production of concrete actions with long-term
measures inside the energy community is critical to the support of
effective outcomes in energy communities. Applying this approach
increases community involvement in more connected and sus-
tainable topics and brings a feeling of empowerment (Hyytinen &
Toivonen, 2015). In this respect, local governments should estab-
lish specific points for public feedback and offer incentives or
resources easily understandable for sustainable projects (Mey et al.,
2016). According to the model, it has been shown that empower-
ment has a major positive impact on community engagement. To
maximize this effect, strategies should focus on the four basic ele-
ments of empowerment, by offering concise details regarding the
advantages, resulting in the involvement of energy communities,
which can enhance general empowerment and stimulate increased
degrees of engagement. This approach aimed to help create a sense
of ownership and belonging within energy communities, poten-
tially leading to more sustainable and impactful outcomes. Some
advisory groups or committees could be created with a varied
representation of the community or knowledgeable people could
organize informational workshops, and institute open decision-
making procedures that might be taken as an example of initial
steps (Lennon et al., 2019). To further improve individuals’ com-
petency and involvement in energy projects, local governments
might provide training programs, technical assistance, and finan-
cial incentives. Local governments can foster an atmosphere that
drives and maintains active citizen participation in energy pro-
grams by anticipating probable obstacles and using successful case
studies as models (Manhique et al., 2021).

6.3. Limitations and future research

First, the quantitative study focused only on people living in
Portugal and did not give way to the general perspective of citizens
and their attitudes aimed at participation in energy communities
in other regions. Second, the sample size may limit the generaliz-
ability of the findings. Although the study’smodel and the selection
of variables were justified, it may not encompass all possible per-
spectives of citizen behaviour. Future research should explore other
variables to provide a more comprehensive understanding of citi-
zen perspectives and could also benefit from a broader and more
targeted sampling strategy that distinguishes between participants
and non-participants in energy communities and compares their
responses. Expanding the study to include comparisons between
different countries could offer valuable insights into regional vari-
ations in attitudes and behaviours towards energy communities.
Conducting targeted interviews to delve into specific aspects of cit-
izen interests could also enrich the data and offer more nuanced
insights.

7. Conclusion

This research study highlights the findings of motivations about
energy communities through the combination of the HMSAM
with an empowerment perspective. It reveals that joy leads to
more meaningful experiences related to the environment itself,
fostering their interest in such activities. In this sense, commu-
nity engagement heightens citizens’ sense of expertise and purpose,
reinforcing their feeling of empowerment and ability to contribute
positively to society. Besides that, both environmental awareness

and community relatedness within citizens raise long-term sus-
tainable habits. Oncewe can understandwhat people aremotivated
by, targeted strategies can drive practitioners to create more inclu-
sive energy communities. Such interventions are going to frame the
energy landscape, promote greener practices, and empower peo-
ple to be more conscious. The findings can offer relevant thoughts
to the binding of citizens within communities and shaping the
way forward into the future, with a view toward maximizing the
positive impact that energy communities can achieve at larger
scales.
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Appendix A – Studies on empowerment

Year Author(s) Objective Focus

1987 Rappaport Define phenomena of
interest and
exemplars for theory
development.

Develop a theory
focusing on
empowerment as a
multilevel construct.

1988 Conger and
Kanungo

Operationalize
self-efficacy concept
and test it for
effectiveness.

Investigate
empowerment effects
on behaviours and
leadership in
organizations.

1992 Zimmerman To test psychological
empowerment theory
in a diverse
metropolitan
population.

Examine perceived
control measures and
behavioural
components in
community
organizations.

1995 Perkins and
Zimmerman

To specify the
empowerment
construct and
enhance its
definition.

To advance the
understanding of
empowerment
through theoretical
models and research
examples.

2009 Fuller Examine consumer
empowerment in
virtual co-creation
projects.

Analyse consumer
behaviour and
empowerment in
online communities.

2018 Hartmann Examine
psychological
empowerment in
climate-protective
consumer behaviour.

Investigate the role of
psychological
empowerment in
pro-environmental
behaviour.

2019 Naranjo-
Zolotov

Investigate the
impact of citizen
empowerment on
e-participation
intention.

Evaluate the
psychological
empowerment model
for e-participation
drivers.

2024 Neves To explain
determinants of
citizen participation
in local energy
communities.

To understand the
impact of
technology-related
factors on social
outcomes.
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Appendix B – Instrument table

Items

Construct HMSAM Source

Perceived Ease
of Use

PEOU1 It would be accessible for
me to join an energy
community

Lowry et al.,
2013

PEOU2 I find no problem in
participating in an energy
community

PEOU3 It would be easy for me to
interact with and
contribute to the energy
community

Perceived
usefulness

PU1 Participation in the
energy community could
contribute to my clarity of
thought

PU2 I feel that participating in
an energy community
would provide me with a
support network

PU3 By participating in the
energy community, I
would feel rejuvenated

Curiosity Cu1 The idea of participating
in an energy community
excited my curiosity

Cu2 The idea of participating
in an energy community
made me curious

Cu3 Being part of an energy
community aroused my
vision

Control Co1 I feel that there is a sense
of control when
participating in an energy
community

Co2 I can freely choose how to
participate in an energy
community

Co3 I feel autonomous about
participating in the
energy community

Joy J1 It would be enjoyable for
me to be part of an
energy community

J2 Being part of an energy
community would be a
source of joy and
positivity

J3 The energy community
would bring a sense of
fulfilment to my life

Behavioural
intention to
use

BIU1 I intend to participate in
an energy community in
the future

BIU2 I intend to become active
in an energy community

(Continued)

(Continued.)

Items

Construct HMSAM Source

BIU3 I expect that my
participation in an energy
community long last

Immersion Im1 I would be able to
immerse myself in the
energy community
experience

Im2 I feel that I would be
totally absorbed in the
activities of the energy
community

Im3 I could commit myself
entirely to an energy
community

Empowerment theory

Competence Cp1 I have mastered the skills
necessary for
participating in an energy
community

Neves,
Oliveira,
Sarker,
et al., 2024b

Cp2 I am self-assured about
my capabilities to
participate in an energy
community

Cp3 I am confident about my
ability to participate in an
energy community

Meaning M1 Participation in an energy
community is very
important to me

M2 The possibility of getting
involved in an energy
community is meaningful
to me

M3 Participating in the
activities of the energy
community has a
personal value for me

Impact Ip1 I believe that my impact
on the energy community
would be considerable

Ip2 I believe I would have a
significant influence on
the energy community

Ip3 I believe I would have a
great deal of control over
what happens in the
energy community

Self-
determination

SD1 I have significant
autonomy in determining
how I participate in an
energy community

SD2 I have considerable
opportunity for
independence and
freedom in how I
participate in an energy
community

SD3 I am able to decide for
myself how to participate
in the energy community
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Appendix C — Heterotrait-Monotrait Ratio (HTMT)

HTMT
PEOU PEOU PU Cu Co J Cp M Ip SD BIU Im

PU 0.832

Cu 0.734 0.842

Co 0.805 0.717 0.733

J 0.777 0.892 0.873 0.784

Cp 0.745 0.597 0.532 0.639 0.578

M 0.780 0.774 0.769 0.692 0.810 0.751

Ip 0.743 0.710 0.716 0.694 0.750 0.774 0.887

SD 0.823 0.686 0.599 0.839 0.657 0.734 0.686 0.716

BIU 0.727 0.739 0.799 0.731 0.806 0.571 0.762 0.678 0.567

Im 0.770 0.753 0.812 0.717 0.801 0.599 0.745 0.711 0.583 0.946
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Appendix D – Loadings and Cross-Loadings

Cross-loadings PEOU PU Cu Co J Cp M Ip SD BIU Im

PEOU1 0.900 0.632 0.595 0.658 0.649 0.615 0.661 0.649 0.678 0.609 0.618

PEOU2 0.953 0.713 0.655 0.653 0.672 0.680 0.715 0.683 0.721 0.666 0.709

PEOU3 0.858 0.688 0.570 0.558 0.595 0.531 0.576 0.510 0.596 0.545 0.591

PU1 0.643 0.898 0.646 0.508 0.666 0.442 0.612 0.527 0.521 0.572 0.584

PU2 0.690 0.935 0.734 0.581 0.740 0.521 0.648 0.617 0.565 0.622 0.661

PU3 0.726 0.924 0.767 0.651 0.858 0.543 0.731 0.667 0.629 0.711 0.688

Cu1 0.635 0.718 0.961 0.587 0.758 0.459 0.692 0.621 0.523 0.716 0.737

Cu2 0.649 0.741 0.963 0.623 0.770 0.484 0.685 0.611 0.555 0.724 0.740

Cu3 0.623 0.761 0.914 0.668 0.791 0.462 0.696 0.682 0.506 0.717 0.705

Co1 0.610 0.665 0.743 0.813 0.763 0.495 0.669 0.655 0.535 0.689 0.674

Co2 0.543 0.436 0.406 0.860 0.456 0.417 0.392 0.405 0.593 0.438 0.439

Co3 0.595 0.482 0.486 0.879 0.521 0.499 0.497 0.488 0.694 0.522 0.496

J2 0.688 0.817 0.799 0.684 0.968 0.523 0.745 0.671 0.600 0.744 0.741

J3 0.679 0.780 0.780 0.672 0.966 0.511 0.735 0.686 0.570 0.730 0.718

Cp1 0.624 0.509 0.465 0.501 0.513 0.905 0.651 0.656 0.591 0.496 0.515

Cp2 0.637 0.482 0.438 0.539 0.467 0.954 0.636 0.668 0.642 0.490 0.512

Cp3 0.622 0.538 0.475 0.515 0.511 0.927 0.678 0.682 0.622 0.509 0.534

M1 0.664 0.666 0.655 0.563 0.683 0.668 0.950 0.796 0.595 0.654 0.626

M2 0.696 0.709 0.724 0.630 0.753 0.695 0.966 0.815 0.614 0.723 0.717

M3 0.719 0.713 0.723 0.613 0.767 0.668 0.965 0.815 0.641 0.729 0.704

Ip1 0.644 0.631 0.625 0.584 0.657 0.683 0.787 0.946 0.629 0.564 0.595

Ip2 0.675 0.653 0.678 0.594 0.693 0.713 0.819 0.965 0.640 0.631 0.665

Ip3 0.617 0.589 0.607 0.587 0.641 0.647 0.783 0.926 0.615 0.635 0.646

SD1 0.692 0.585 0.554 0.644 0.567 0.637 0.626 0.648 0.944 0.493 0.512

SD2 0.723 0.624 0.579 0.686 0.629 0.618 0.656 0.671 0.934 0.587 0.589

(Continued)
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(Continued.)

Cross-loadings PEOU PU Cu Co J Cp M Ip SD BIU Im

SD3 0.580 0.480 0.359 0.605 0.432 0.554 0.442 0.466 0.840 0.347 0.361

BIU1 0.623 0.634 0.732 0.635 0.716 0.515 0.692 0.617 0.503 0.961 0.858

BIU2 0.650 0.664 0.730 0.650 0.748 0.526 0.705 0.637 0.510 0.973 0.879

BIU3 0.672 0.709 0.733 0.626 0.739 0.509 0.717 0.609 0.529 0.955 0.876

Im1 0.684 0.685 0.763 0.621 0.732 0.534 0.675 0.621 0.539 0.867 0.952

Im2 0.682 0.680 0.731 0.608 0.733 0.539 0.685 0.655 0.506 0.866 0.964

Im3 0.664 0.648 0.706 0.620 0.694 0.530 0.676 0.650 0.518 0.856 0.948
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