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Environmental and nature conservation authorities are calling for a collective effort to break or reduce the
current cycle of environmental degradation. Much of the response depends on scientific knowledge production
based on thematically and geographically comprehensive datasets. Citizen science (CS) is a cost-effective support
tool for scientific research that provides means for building large and comprehensive datasets and promoting
public awareness and participation. One of the greatest challenges of CS is to engage citizens and retain par-
ticipants in the project. Our work addresses this challenge by (1) defining the role that technological, cultural,
and environmental dimensions play in the adoption of CS apps for coastal environment monitoring, and (2)
providing base knowledge about the profile of the apps’ most likely users and the functional features they require
to be successful. Collectivists and people who assume a green identity are the most likely users of these apps.
Drivers of their use are the promotion of citizen empowerment, habit development, provision of facilitating
conditions, and proof of environmental performance.

The outcome of this study is a set of guidelines for project managers, app developers, and policymakers for
citizens’ engagement and retention in CS coastal environment monitoring projects through their apps.

1. Introduction

The unprecedented level of exploitation of our planet’s resources,
biosphere pollution, the introduction of non-indigenous species, habitat
degradation, and climate change are causing various threats to nature
and human lives, health, and well-being (O'Hara et al., 2021). Climate
change impacts such as global warming, glacier melting, sea-level rise,
extreme weather events (e.g., heat waves, floods, hurricanes, wildfires,
droughts), and increasing carbon dioxide in the atmosphere are
depleting natural and cultural values and resources and simultaneously
putting local, regional, and global economies at risk (McMichael &
Lindgren, 2011; Ward et al., 2020). The global community is currently
trying to respond to the numerous fronts of environmental degradation,
namely the impacts of climate change and the great biodiversity crisis

(Fajardo et al., 2021).

During the United Nations (UN) Summit on Biodiversity, the heads of
state and governments of 64 countries (today 91) of all World regions,
and the President of the European Commission signed the Leaders’
Pledge for Nature in September 2020, committing to a concerted and
effective response to current and future global environmental crises
(United Nations, 2020; European Commission, 2021). Only a collective
effort can break the current cycle of environmental degradation, starting
by accomplishing the UN Sustainable Development Goals (SDGs) until
the year 2030 (United Nations, 2021).

The UN SDGs depend on the datasets provided by official sources,
which have some cost, time, and heterogeneous data availability limi-
tations, undermining the UN SDGs reporting process. Regarding these
limitations, Fritz et al. (2019) argued that Citizen Science (CS), or Public
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Participation in Scientific Research (PPSR), is a promising means for
tracking the progress of the UN SDGs by providing new opportunities to
(1) acquire data at lower costs, (2) achieve more extensive data coverage
and variability across and within nations, and (3) promote data trans-
parency. CS depends on voluntary participation by citizens to contribute
to scientific work (e.g., data collection, analysis, interpretation, and
dissemination) usually coordinated by a team of professional scientists
(Assumpcao et al., 2019; Haklay, 2013). Haklay (2013) identified two
types of participants in CS: i) people who enjoy scientific work and see it
as a hobby, and ii) people pursuing environmental justice — usually as
part of a local community that is conscious of, or affected by, environ-
mental conflicts, who seek a solid evidence base to capture the attention
of policymakers and decision-makers.

CS is growing worldwide in marine and coastal ecological matters
such as climate change (Marlowe et al., 2021), marine litter and debris
(Papakonstantinou et al., 2021; Uhrin et al., 2020), environmental status
assessment of communities, and habitats (Johnson et al., 2020; Turic-
chia et al., 2021), beach erosion (Pucino et al., 2021), early detection of
invasive species (Datta et al., 2021; Sullivan & York, 2021), phyto-
plankton seawater discolorations (Siano et al., 2020), inland and coastal
water quality (Malthus et al., 2020; Menon et al., 2021), microplastics
(Camins et al., 2020), threatened species (LaRue et al., 2020), noise and
air pollution (El-Kholei, 2020), and other areas of concern. Nevertheless,
their success may be undermined by one very common setback in CS: the
struggle to maintain citizens’ motivation for continuous and sustained
long-term participation (Kloetzer et al., 2021; Paul et al., 2020). It is in
this critical issue that we seek to contribute by bridging existing gaps in
prior research on this subject, as (1) we still need to understand the
factors driving CS coastal environment monitoring projects in order to
achieve greater success, a problem intrinsic to the gains to be made
through their digital platforms (Newman et al., 2012; Tsybulsky, 2020);
(2) past literature has mainly studied the motivations to participate in
CS environmental monitoring projects but rarely the drivers to use their
digital platforms — hereinafter CS apps — as these are primarily mobile
app-based (Aitkenhead et al., 2014; Lemmens et al., 2021).

Our work provides two major contributions to this objective: (1) we
define the role that technological, cultural, and environmental di-
mensions (retrieved from prominent models and theories) play in the
adoption and use of CS apps for coastal environment monitoring; and (2)
we provide base knowledge and guidelines for the effective design and
promotion of new CS apps for coastal environment monitoring,
including the profile of the most likely participants/app users, the fea-
tures and services the app must offer to be successful, and the values to
be fostered for citizens’ engagement and retention. We address the
following research questions:

(1) What are the main drivers of environmental CS apps adoption?
(2) How do individuals’ beliefs and technology characteristics in-
fluence environmental CS apps adoption?

In answering these questions, the remainder of the paper is struc-
tured as follows. Section 2 provides a literature review; Section 3 in-
cludes the research model and its hypotheses; Section 4 describes the
data collection process; Section 5 presents the results; Section 6 the
discussion, implications, and limitations; and Section 7 closes with the
conclusions.

2. Theoretical background
2.1. Citizen science for environmental monitoring

The concept of Citizen Science (CS) — generically, the participation of
citizens in the production of scientific research and its related termi-
nologies, have been recently explored by several authors with expertise
in the matter (e.g., Eitzel et al., 2017; Fan & Chen, 2019; Haklay et al.,
2021). A consensus exists that the definition of CS may be context-
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sensitive. Multiple research fields see value in CS, and their actors
define it based on different norms, methodologies, values, and expec-
tations around the co-production of knowledge, and according to the
different objectives and goals outlined for their CS activities (Haklay
et al., 2021). The evolution of the CS concept over time between disci-
plines and across borders is exposed in detail elsewhere (Eitzel et al.,
2017; Fan & Chen, 2019; Haklay et al., 2021; Kullenberg & Kasperowski,
2016).

CS has been described as a participatory approach and support tool
for scientific research that allows for continuous and geographically
comprehensive data collection and processing at lower costs. It brings
potential benefits from the production and dissemination of scientific
knowledge to improve literacy, thereby raising citizen awareness and
engagement with public interest issues (Eitzel et al., 2017; Johnson
etal., 2014). Another strand of CS, originated by Irwin (1995, p. xi) from
the social sciences, describes it as a means of science democratization —
(...) a science which assists the needs and concerns of citizens (...)
developed and enacted by citizens themselves (...)” — in which citizens
are part of the scientific decision-making processes (Kullenberg & Kas-
perowski, 2016). Though representing polarized views of CS, the “pro-
ductivity view” (as a tool for increasing scientific knowledge
production) and the “democratization view” defined by Sauermann
et al. (2020), can be integrated to meet current sustainability challenges
where environmental and socioeconomic issues cross (Sauermann et al.,
2020). The exchange of experience among disciplines is encouraged for
future developments in CS (Hecker et al., 2018).

CS projects have various purposes, for instance: regional and global
environmental justice; modification of individual and collective be-
haviors; better human health and safety; sustainable management and
development; and base knowledge for improved multidisciplinary stra-
tegies and policymaking (Johnson et al., 2014). In Europe, by 2016 CS
projects of natural and life sciences (e.g., ecology, environmental sci-
ences, and biology) represented>80 % of all CS projects (Hecker et al.,
2019).

CS projects are often categorized according to different levels of
involvement, as proposed by Bonney et al. (2009): i) contributory pro-
jects — representing the lowest level of involvement and encompassing
the majority of existing CS projects (Hecker et al., 2019) - in which
participants contribute to data collection only using protocols exclu-
sively designed by professional scientists; ii) collaborative projects, in
which participants can contribute with their own ideas to adjusting the
project’s pre-defined protocols, analyzing data, and disseminating con-
clusions; iii) co-created projects — representing the highest level of
involvement — in which participants are involved in all steps of the
project. Subsequently, the “Do-It-Yourself Science” model emerged, in
which citizens can be autonomous in all steps of the research, including
the definition of the research topic and project goals, without the
leadership, coordination, or involvement of professional scientists
(Figueiredo Do Nascimento, 2014; Sauermann et al., 2020). As the level
of involvement increases, so does social capital, collective knowledge,
scientific capacity, and inclusiveness in decision-making processes,
making CS projects more sustainable (Robinson et al., 2021). The type of
involvement planned for the CS project will determine the level of in-
vestment in it (Robinson et al., 2021). CS projects’ budgets are often
limited; most CS projects have opted for less involvement of the citizens,
which means less investment in their software and, consequently, less
motivation for long-term participation (Robinson et al., 2021).

Several studies have identified success drivers of CS participation,
and it is well accepted that citizens must feel motivated to volunteer. San
Llorente Capdevila et al. (2020) developed a systematic literature re-
view to identify the success factors of CS projects in water quality
monitoring, highlighting citizens’ knowledge and experience, environ-
mental awareness, motivation, and socio-economic background, along
with institutions’ motivation, type of organization, and adequate fund-
ing. Another review on citizen scientists’ motivations, developed by Lee
et al. (2018), indicated four compelling motivations on the part of
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potential participants: contributing to science (the most effective),
helping professional scientists, learning about science, and joining a
community (the least effective). CS projects require an adequate number
of participants to be engaged in their activities over a generous time
frame (Luna et al., 2018). However, mobilizing participants and sus-
taining engagement are some of CS projects’ main challenges (De Rijck
et al., 2020). Thus, it is essential to address what drives people to adopt
and use CS apps for environmental monitoring projects. Nevertheless,
we still lack quantitative data on environmental CS apps’ adoption,
making it challenging to assess citizen scientists’ intention to use them
(San Llorente Capdevila et al., 2020).

2.2. The role of technology in CS projects

The widespread dispersal of internet-capable mobile phones, derived
from the significant cost reduction of these devices and their storage
systems, paired with the evolution of Global Positioning Systems (GPS),
qualify them as scientific instruments for CS initiatives (Ashraf et al.,
2021; Haklay, 2013). Besides the innovations in sensor technologies,
social networks have also evolved and derived into multiple new tools
that can be integrated into mobile or web-based apps (Robinson et al.,
2021). CS apps today aim to provide scientists, managers, surveyors, and
local authorities the means to closely observe trends and make timely
responses to problems that may emerge (De Rijck et al., 2020). Thus, CS
apps are useful for environmental monitoring, for instance, to evaluate
the impacts and the effects of protection measures inside and outside
marine protected areas (Garcia-Soto et al., 2021).

One of the main challenges of CS projects and their apps is to drive
motivation for sustained participation, as participants’ motivations, in-
terests, and availability (which are mutable) must correspond somehow
to the projects’ motivations and their digital platform’s capacity
(Golumbic et al., 2020). Thus, motivations for CS participation and how
citizens interact with CS projects and platforms must be carefully
examined to choose appropriate citizen engagement tools and to predict
behavior intention of citizen participation and retention (Cox et al.,
2018; Golumbic et al., 2020). Understanding participants’ motivations
to adopt CS apps will also improve the project’s cost-effectiveness,
especially in the recruitment and retention processes (Alender, 2016).

Data quality and recognition by the scientific community are also
challenges facing CS (Turrini et al., 2018). Data quality may be
compromised by poor project design, varying data quality standards,
non-experts’ lack of commitment and skills, deliberate provision of
fabricated data, and others (Balazs et al., 2021; Weber et al., 2019). Still,
project elements and digital platforms can be designed to avoid, detect,
and correct data issues (Kosmala et al., 2016; San Llorente Capdevila
et al., 2020; Kasten et al., 2021). Relatedly, insufficient funding and
resources are often pointed out owing to CS projects’ duration (usually
these are long-term projects and funding is temporary), and difficulty in
evaluating them following the traditional funding frameworks (Gunnell
et al., 2021; Hecker et al., 2018; Turrini et al., 2018). In this regard, CS
projects must provide clarity on their necessities and develop evaluation
tools that make use of appropriate indicators, and current funding
programs must account for the iterative design process of CS (Hecker
et al., 2018).

The potential of CS apps increases with the near real-time avail-
ability of data visualization and processing tools, complemented by
public online access to information sources (De Rijck et al., 2020).
Furthermore, using these devices seems to increase public engagement
and awareness and help solve common CS data quality issues generated
by human error (Newman et al., 2012; San Llorente Capdevila et al.,
2020). CS is, by definition, an inclusive process seeking to involve a
specific or diverse community in a scientific mission. This makes it
imperative to study the traits and motivations of that community
(Golumbic et al., 2020). Participants should be provided the opportunity
to be involved in the design process of the CS app, thereby working
together with developers, scientists, and other stakeholders to achieve a

Global Environmental Change 77 (2022) 102606

more suitable and satisfactory system to increase the likelihood of suc-
cess in CS projects (Robinson et al., 2021).

2.3. Technology adoption models

The use of CS apps for coastal environment monitoring depends upon
a series of factors, from technical (i.e., those related to the technology
itself) to non-technical (i.e., those pertaining to each individual and
their inner and external beliefs). Therefore, we must use the right
theoretical lenses to understand the main drivers behind it. With this in
mind we looked into the published literature in the information systems
field for the main theories that could explain such platforms’ adoption
and use. In the end we combined four theories in a tailor-made
comprehensive conceptual model for investigating the adoption of CS
apps. These are:

(1) UTAUT 2, arguably the most prominent IT adoption theory in the
information systems field, which focuses on technological and
social factors driving technology adoption and use (Venkatesh
et al., 2012; Venkatesh et al., 2003);

(2) Citizen Empowerment, which evaluates the influence of personal
beliefs/ motivations on citizen participation success (Rappaport,
1987; Spreitzer, 1995; Zimmerman & Rappaport, 1988; Zim-
merman, 1995);

(3) Green self-identity, which assesses the effect that environmental
awareness and personal values have on pro-environmental
behavior (Barbarossa et al., 2017; Sparks & Shepherd, 1992);
and.

(4) Hofstede’s cultural dimensions, which assess cultural variation in
an individual’s values, beliefs, and behaviors (Hassan et al., 2011;
Srite & Karahanna, 2006).

The reasons for choosing these models are detailed in the following
sections. However, considering the unique characteristics of CS apps for
coastal environment monitoring, especially the mix between inner
(environmental) beliefs and technology aspects, we felt the need to
develop a specific model combining different features of those that are
already well-established. In other words, we did not find the most
important aspects of environmental CS apps covered in earlier theories.

2.3.1. Unified theory of adoption and use of technology (UTAUT-2)

To assess the drivers for adopting and using information and
communication technologies (ICTs), which typically host CS apps, we
chose the Unified Theory of Adoption and Use of Technology (UTAUT).
The UTAUT model (Venkatesh et al, 2003), including its extension
UTAUT-2 (Venkatesh et al., 2012), is arguably the most prominent
theory of technology adoption and use (Blut et al., 2022). Venkatesh
et al. (2003; 2012) combined eight recognized theories, resulting in a
single model with seven constructs: performance expectancy, effort ex-
pectancy, social influence, facilitating conditions, hedonic motivation,
price value, and habit, which together provide vital information on both
the technological and social factors influencing technology’s potential
users. UTAUT-2 has been consistently demonstrated to be useful in
explaining technology adoption in a wide variety of settings. For
instance, Taghizadeh et al. (2021) used this model to find the de-
terminants of students’ satisfaction and continuous usage intention of
online learning during the COVID-19 pandemic. Another example is Li
(2021), who used it to understand the factors influencing the intention
to adopt E-Government.

Though its representation in CS studies is still sparse, UTAUT-2
constructs are relatable to the technology’s characteristics and motiva-
tional factors identified for CS participation. We have adapted this
theory’s original constructs to the topic and chose to exclude “price
value” — which defines the extent to which users are willing to spend
their money in exchange for the benefits brought by the technology
(Venkatesh et al., 2012) — as it was considered unsuitable for the nature
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Unified Theory of Adoption and Use of Technology (UTAUT 2) Green Self-ldentity Citizen Empowerment
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Fig. 1. Research model.

of the voluntary work proposed by CS apps, which are free.

2.3.2. Citizen empowerment

The key to the success of citizen participation projects, such as CS
apps, is motivating individuals, as citizens, to participate in them (hence
the term CS). We therefore screened the literature for a theoretical lens
focused on understanding the factors influencing people’s intention/
motivation to volunteer for public causes. Citizen Empowerment is one
of the leading models mentioned in studies assessing citizen participa-
tion drivers. In the context of the psychological empowerment theory
(Rappaport, 1987; Zimmerman & Rappaport, 1988; Zimmerman, 1995),
Citizen Empowerment results from the relationship between the citi-
zen’s perception of their skills and their willingness to apply them in
public domain services (Naranjo-Zolotov et al., 2019). It proposes that
empowerment, its main dimension, is a second-order construct
comprising competence, meaning, impact, and self-determination
(Spreitzer, 1995).

Citizen Empowerment has already been integrated with UTAUT-2,
with relative success. For instance, Naranjo-Zolotov et al. (2019) used
these to design a research model to investigate the adoption drivers of e-
participation — a derivation of e-government for citizens’ engagement
and participatory governance through ICTs. They found that the Citizen
Empowerment constructs of competence, meaning, impact, and self-
determination were positively related to e-participation. Interestingly,
these constructs are also widely used concepts to characterize in-
dividuals’ motivations for initial and continuous long-term participation
in CS projects (Geoghegan et al., 2016; Golumbic et al., 2020; Goncalves
et al., 2014; van Noordwijk et al., 2021; Wehn & Almomani, 2019).

2.3.3. Green self-identity

Together with individuals’ willingness to act as citizens, another
strong driver of CS apps adoption is the extent to which one values the
environment and environmental issues. It seems reasonable to assume
that people involved in pro-environmental projects do so because they
are sensitive to this issue and will very likely adopt environmentally
friendly behaviors in other aspects of their lives. We therefore resort to
green self-identity, which is a construct determining the adoption of pro-
environmental behavior (Barbarossa et al., 2017). If one sees himself/
herself as a green individual, he/she will score high on the green self-
identity measure (Barbarossa et al., 2017).

2.3.4. Hofstede’s cultural dimensions
Finally, in addition to the two previous aspects of CS apps adoption,
we also believe that one’s cultural beliefs can play a critical role. Hence,

we looked at Hofstede’s cultural dimensions to assess how cultural
context can influence participants’ values, beliefs, and behaviors in so-
ciety. It is one of the most noteworthy theories in studies assessing a
national culture’s effects on multiple domains (Kumar et al., 2019). In
the 1980 s Hofstede hypothesized that cultural variation drives people’s
beliefs and behaviors and initially identified four dimensions to explain
it: the power of distance, uncertainty avoidance, individualism versus
collectivism, and masculinity versus femininity; later adding a fifth
dimension — long-term orientation (Nagy & Molnarné, 2018). In our
study’s context we chose to focus on two of these dimensions, which we
believe are especially suitable to explain pro-environmental behavior:
collectivism (versus individualism) and long-term orientation. The first
is the degree to which the society’s identity is shaped from the in-
dividuality of its members rather than from a social group (Hofstede,
2001). Individualists cherish their sense of freedom and autonomy,
whereas collectivists can more easily concede these values for the
greater good of their social group (Kaasa & Andriani, 2021). The second
dimension is the degree to which the focus of individuals is on the future
and not on the present/past (Nagy & Molnarné, 2018). Long-term-
oriented individuals are committed to hard work for a future cause
(Sreen et al., 2018), such as reversing or diminishing the regional and
global impacts from the environmental crisis in which we are living.

3. Research model and hypotheses

We present the research model in Fig. 1 to investigate the drivers of
adoption and use of CS apps for coastal environment monitoring and
understand the relationships among users’ perceived values. We have
integrated the four theories presented above into a tailor-made,
comprehensive research model for the specific case of CS apps.

3.1. Utaut 2

In this subsection we summarize the definition of each construct
within UTAUT-2 (Venkatesh et al., 2012) as well as the rationale for
each specific CS apps hypothesis.

3.1.1. (Environmental) performance expectancy (EPE)

Performance expectancy is the degree to which the technology
benefits individuals (Venkatesh et al., 2012). Herein we adapted the
concept to environmental performance expectancy, i.e., the degree to
which the goals and objectives proposed by the environmental CS apps
are achieved through the technology. From a logical point of view users
must recognize the usefulness of the technology to consider adopting it
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(Shevchuk & Oinas-Kukkonen, 2020). In this regard, it should be said
that performance expectancy is usually indicated to be one of the most
important drivers of technology adoption in many areas. Thus, we hy-
pothesize that environmental performance expectancy will also posi-
tively affect CS apps adoption.

H1: Environmental performance expectancy (EPE) is positively
associated with CS apps behavioral intention (BI).

3.1.2. Effort expectancy (EE)

Effort expectancy is the degree of ease associated with using tech-
nology (Venkatesh et al., 2003; Venkatesh et al., 2012). Naturally, the
perception of having to face difficulties to use technology will serve as a
deterrent for its adoption. We believe that in CS apps this is even more
important because not only is their use voluntary, but also the potential
CS apps’ benefits are not as much for the individual but for the whole
community in the long term (Naranjo-Zolotov et al., 2019). Thus, the
perceived lack of time for the voluntary act is even more of a discour-
agement for participation (West & Pateman, 2016). Main short-time
interactions in these platforms include: consulting online open-access
information sources, entering/uploading observed data (e.g., text,
image, audio, time, GPS coordinates), data processing, and visualization
of the uploaded records; while interactions that may take more time are
data analysis and validation (usually performed by professional scien-
tists) (Garcia-Soto et al., 2017; Luna et al., 2018).

Effort expectancy is operationalized in terms of perceiving technol-
ogy to be easy (effortless) to use and we therefore hypothesize:

H2: Effort expectancy (EE) is positively associated with the behav-
ioral intention (BI) of using CS apps for coastal environment monitoring.

3.1.3. Social influence (SI)

Social influence refers to the user’s idea of how a social group per-
ceives his/her identity, personality, or social image as a result of
membership (Ashraf et al., 2021). As such, social influence is widely
regarded in the literature as a determinant of pro-environmental
behavior (Estrada et al., 2017; Gockeritz et al., 2010). Chao et al.
(2021) claim that the perceptions and support of significant others
might similarly influence pro-environmental behavior, based on testi-
monials from citizen scientists of CS apps on waterbird refuges. Bouman
et al. (2020) also found that individuals who initially underestimate
biosphere values (non-humanized environmental concerns) are more
likely to increase their environmental engagement if their social group
strongly endorse those same values. Hence, we hypothesize:

H3: Social influence (SI) is positively associated with CS apps BI.

3.1.4. Facilitating conditions (FC)

Facilitating conditions measure the degree of perceived support,
training, and availability of resources to the technology user (Venkatesh
et al., 2012). Access to facilitating conditions such as data availability,
guidance, and training is paramount in CS apps to promote citizens’
awareness, motivation, and self-efficacy (San Llorente Capdevila et al.,
2020). An adequate support system is also essential to ensure input data
quality and to foster trust between citizen scientists and project man-
agers (De Rijck et al., 2020; San Llorente Capdevila et al., 2020).

For instance, Kasten et al. (2021) conducted a participatory coastal
biodiversity monitoring project with>51 participants. They checked for
similarities between their data and data collected by experts and
concluded that higher complexity tasks could interfere with data quality
and highlighted the importance of identifying participants’ main chal-
lenges for developing adequate CS protocols. For these reasons we hy-
pothesize that:

H4: Facilitating conditions (FC) is positively associated with CS apps
BI.

3.1.5. Hedonic motivation (HM)
Hedonic motivation is the degree of perceived enjoyment derived
from using technology (Ashraf et al., 2021). Citizens motivated to use
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technology due to its perceived enjoyment are more prone to develop
the habit of using it (Ashraf et al., 2021). In the context of citizen sci-
ence, hedonic values such as enjoyment, recreation, and social interac-
tion (especially within a community that shares similar interests) are
motivations that improve the chances of citizens’ participation in
volunteer activities (Land-Zandstra et al., 2021; van Noordwijk et al.,
2021). Therefore, we posit that:

H5: Hedonic motivation (HM) is positively associated with CS apps
BI.

3.1.6. Habit (HA)

Both conscious (intention) and unconscious (habit) decision-making
affect human behavior (Ashraf et al., 2021). Habit measures the extent
to which an individual believes the behavior to be automatic (Limayem
et al.,, 2007). As CS apps are recent and mostly unknown, we have
redirected habit to public participation apps in general. Usually, public
e-participation projects are intended to design apps that successfully
recruit and engage citizens for active, long-term participation (Tinati
et al., 2017; Naranjo-Zolotov et al., 2019). Experts involved in devel-
oping technology adoption models and using them widely recognize the
variable “habit” to contribute positively to the continuous use of the
technology (Venkatesh et al., 2012; Naranjo-Zolotov et al., 2019). Thus,
we hypothesize that:

H6: Habit (HA) is positively associated with CS apps BI.

3.2. Citizen empowerment

In this subsection we summarize Citizen Empowerment’s four first-
order constructs (competence, meaning, impact, and self-
determination) as well as the second-order formative-reflective one
(empowerment).

3.2.1. Competence (CO).

Competence is defined as the degree of perceived self-efficacy (or
competence) to perform a task with skill (Spreitzer, 1995). Goncalves
et al. (2014) applied the psychological empowerment theory principles
to study the motivation drivers for citizen participation. They concluded
that perceived competence is one of the main drivers of participation.

3.2.2. Meaning (ME)

Meaning is the degree of the perceived value of a determined goal or
purpose, according to the individual’s ideals or standards (Spreitzer,
1995). Regarding community-based environmental monitoring, citizens
usually attribute more meaning to a purpose when they feel they are
involved at the strategic level, which is associated with self-
determination (Wehn & Almomani, 2019). Contributory projects, i.e.,
projects initiated and regulated by scientists that involve citizens only in
pre-determined data collection tasks, present low levels of engagement
when compared to inclusive projects, such as co-created CS projects
(Golumbic et al., 2020). In co-created CS projects, citizens are involved
at all phases of the scientific process, including the choice of research
direction. Thus, the perceived value/meaning of the project’s goals and
outcomes is/are enhanced compared to contributory or collaborative
projects, along with citizens” willingness to collaborate (Gunnell et al.,
2021; Sauermann et al., 2020).

3.2.3. Impact (IM)

The impact is the degree to which an individual’s behavior or action
appears to produce the desired effects for a determined purpose
(Spreitzer, 1995). In this study’s context, environmental impact-
motivated citizens are those who want to make a difference to science
or an ecological issue. Acknowledging the impacts of their actions
concerning the outlined objectives has proven to be one of the greatest
motivations for their participation in environmental CS projects (van
Noordwijk et al., 2021). Therefore, it is essential in these initiatives that
the participant is aware of the whole process beyond data collection —
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how data are treated and used to make a difference — and what results
have already been achieved by the project (van Noordwijk et al., 2021).
In this regard, one of the Ten Principles of Citizen Science defined by
ECSA is that “Citizen scientists are acknowledged in project results and
publications”.

3.2.4. Self-determination (SD)

Self-determination is the degree to which an individual senses that
he/she has the autonomy to make decisions over the work process —
initiative and regulation (Spreitzer, 1995). Ryan and Deci (2000)
developed the self-determination theory and the cognitive evaluation
sub-theory to explain variability in intrinsic motivation — the in-
dividual’s motivation to engage in an activity for the simple pleasure of
performing it. By contrast, they also explain extrinsic motivation — the
individual’s motivation to engage in an activity to achieve an outcome
that is external to that activity. In this scope, Tiago et al. (2017) express
the importance of nurturing intrinsic motivation in addition to extrinsic
motivation instruments (e.g., prizes, certificates, etc.) in encouraging
CS. The self-determination theory argues that while intrinsic motivation
instruments result in higher achievement, extrinsic motivation in-
struments can undermine citizens’ engagement and activity perfor-
mance, especially if they perceive it as a form of external control (Ryan
& Deci, 2020).

3.2.5. Empowerment (EM)

Empowerment, as a motivational construct, creates conditions for
increased motivation for production by expanding the sense of personal
efficacy (Sreelakshmi, 2016). In the scope of public participation in
scientific research, citizens can get more involved in such initiatives if
these are participatory in nature (Wilmsen et al., 2012). If citizens are
given the opportunity to use their experience and be part of the decision-
making process, and choose to embrace it, they will more likely feel
empowered by the process itself and become more interested in its
outcomes (Gunnell et al., 2021; Shirk et al., 2012). Deeper involvement
in the process and personal contribution to its outcomes will also pro-
mote increased awareness, learning, and willingness to change indi-
vidual and the community’s attitudes (Sauermann et al., 2020).

Naranjo-Zolotov et al. (2019) found that psychological empower-
ment and its first-order constructs of competence, meaning, impact, and
self-determination, positively influence the intention to engage in e-
participation. Therefore, based on the evidence, we posit that:

H7a-d: Empowerment (EM) is a second-order formative-reflective
construct formed by competence (H7a), meaning (H7b), impact (H7c),
and self-determination (H7d) that positively influences CS apps BI.

3.2.6. Green self-identity (GSI)

Participating in CS projects is a form of pro-environmental behavior
(Chao et al., 2021). Pro-environmental behaviors may result from
altruistic feelings about nature (Chao et al., 2021). In fact, “helping the
environment” was widely documented as one of the main motivations
for participating in conservation projects (Bruyere & Rappe, 2007; Clary
& Snyder, 1999; He et al., 2019). Hart et al. (2011) argued that in-
dividuals with strong environmental values are more concerned about
how the government is managing environmental issues. Thus, they are
also more prone to engage in the management process (Johnson et al.,
2014). With this in mind we hypothesize that individuals who recognize
a green identity in themselves are more likely to use CS apps. Therefore:

H8a: Green self-identity (GSI) is positively associated with CS apps
BIL.

We also believe that green self-identity will reinforce the effect of
EPE and EMP on BI. It seems reasonable to assume that for someone who
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score higher on GSI, the eventual performance CS apps will have on
monitoring coastal areas, and ultimately protect the environment will be
more important than to one who scores lower on GS], i.e., for whom
environmental issues are not that important. The same rationale applies
to EMP as the sense of empowerment will be increasingly important as
one’s GSI is also higher. Hence, we posit that:

H8b: Green self-identity will moderate the effect of EPE on CS apps
BL, such that the relationship will be stronger among individuals with
greater green self-identity.

H8c: Green self-identity will moderate the effect of EMP on CS apps
BI, such that the relationship will be stronger among individuals with
greater green self-identity.

3.2.7. Hofstede’s cultural dimensions

This subsection explains the potential role of Hofstede’s collectivism
(versus individualism) and long-term orientation cultural dimensions in
influencing CS participants’ values, beliefs, and behaviors in society.

Collectivism versus individualism and long-term orientation are
widely accepted in the literature to explain cultural variation in green
purchase intention — a “private-sphere” pro-environmental behavior (Mi
et al., 2020; Sreen et al., 2018). Mi et al. (2020) classify the act of
participation in environmental protection activities as a “public-sphere”
pro-environmental behavior if it contributes to the promotion of envi-
ronmental regulations, policies, and activities. In this study, we consider
the act of participating in a CS project for coastal environment moni-
toring to be a “public-sphere” pro-environmental behavior.

3.2.8. Collectivism (CI)

Jakucionyte-Skodiene and Liobikiene (2021) argue that cultural
perspective is essential to predict environmental concern and pro-
environmental behavior. However, they also posit that environmental
concern and pro-environmental behavior are not always positively
related. One can find controversial opinions and results in the literature
about which societies are more likely to engage in pro-environmental
behaviors or environmental performance. If individualists were found
to be less concerned and/or more skeptical about climate change than
collectivists, they are also more likely to assume personal responsibility
and to do their part in pro-environmental actions (Jakucionyte-Skodiene
& Liobikiene, 2021; Kaasa & Andriani, 2021). Nevertheless, collectivists
also have an acute sense of social responsibility for initiatives fostering
pro-environmental sustainable behaviors, as their overarching objec-
tives are to protect the environment and society. Collectivists generally
prioritize the goals of their community over their own (Nagy &
Molnarné, 2018; Parboteeah et al., 2012; Rotman et al., 2014).

Very few studies related to the CS topic include Hofstede’s cultural
dimensions to explain cultural variation in CS participation. Among the
exceptions are Beza et al. (2017), who studied the effect of cultural
variation in farmers’ motivations to participate in CS projects. They
found that farmers’ motivations vary across national cultures, such that
in more collectivist societies farmers were more inclined to share in-
formation. Rotman et al. (2014) also studied cultural variation in mo-
tivations for initial participation and long-term participation in CS apps
using the United States (US), India, and Costa Rica as case-studies. They
concluded that initial motivation to participate in CS projects depended
on the individual’s drive (personal interest, self-promotion, self-efficacy,
and social responsibility); social responsibility was observed for only the
collectivistic society of Costa Rica. On the other hand, motivation for
long-term participation relied on interpersonal interactions (between
scientists and participants, and participants and communities) — trust,
common goals, acknowledgement, mentorship, education and outreach,
and policy and activism (accountability for and acknowledgment of the
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Fig. 2. Data collection and analysis process.

project’s values beyond participants’ tasks).

Although there is global awareness of the climate change and
biodiversity crisis (Secretariat of the Convention on Biological Diversity,
2020), we believe that the willingness to participate in CS apps — aiming
to assess coastal habitats and biological communities’ diversity and
structure, ecosystem health status, climate change impacts, and other
activities — requires individuals to be sensitive to collective/societal
goals. We therefore hypothesize:

H9a: Collectivism (CI) is positively associated with CS apps BI.

Moreover, because collectivists are more concerned with the well-
being of others, it seems also reasonable to hypothesize that those who
score higher on CI will value the environmental performance (EPE) of CS
Apps more than those who score low in their intention to use them.
Hence,

H9b: CI will moderate the effect of EPE on CS apps BI, such that the
relationship will be stronger among individuals with greater green self-
identity.

3.2.9. Long-term orientation (LTO)

Long-term-oriented individuals usually have a positive attitude to-
ward environmental and green products, as they value the future long-
term positive effect that their choice represents (Mi et al., 2020; Sreen
etal., 2018). Moreover, Mi et al. (2020) found that long-term orientation
positively affects public and private-sphere pro-environmental behav-
iors. Hence, we posit that the positive relationship that collectivism and
long-term orientation cultural dimensions have with green purchase
intention (Sreen et al., 2018) could be similar to their relationship with
citizen participation in environmental CS projects. Although we are
already experiencing the effects of climate change and the biodiversity
crisis, the reality-check is that worse effects are still to come if we do not
act regionally and globally (Bohensky et al., 2011). Thus, long-term
orientation will be pivotal to overcoming these issues. Therefore, we
hypothesize:

H10: Long-term orientation (LTO) is positively associated with the
behavioral intention (BI) of using CS apps for coastal environment
monitoring.

3.2.10. Controls

We used the control variables age, education, gender, number of
days at the beach per year, and distance of respondents’ residences to
the beach. While the first three (socio-demographic) control variables
are commonly used (see, e.g., Chan et al., 2021), the last two are specific
to this study’s context. Note that to use environmental coastal moni-
toring apps, one needs to live near coastal regions and/or be in these
regions often. Hence, we added these two parameters as controls.

4. Procedure and data

The research design is presented in Fig. 2. We collected the data
using an online survey made available through Qualtrics and shared it
through social media. In order to get a more accurate sample of Portu-
guese and Spanish citizens, we hired a firm, Prolific Academic, to collect
the data from respondents in exchange for a small monetary contribu-
tion. Prolific is one of the world’s largest crowdsourcing on-demand
platforms that enables large-scale data collection by connecting re-
searchers to participants. Participants from Portugal and Spain were
recruited from a population of 123,375 eligible people. They were
informed that the study was about “Coastal & Marine Environmental
Monitoring Digital Platforms”, in a ten-minute online survey. To ensure
the best data quality, we have also recorded the participants’ metadata,
regarding the platform ID (Prolific ID), as well as the study and session
IDs, to prevent issues associated with such crowdsourcing data collec-
tion platforms (Kennedy et al., 2022). Because the instrument was
administered in Portuguese and Spanish, we hired a professional to
translate the original questions from English to both languages, and then
another to translate both back into English to assess the instrument’s
translation equivalence.

The survey started with an informed consent question, and if the
respondent agreed to participate in the study, they proceeded to some
basic instructions and a short video explaining CS apps for environ-
mental monitoring, their types, examples, and a glossary of related
definitions. The survey then proceeded with the measurement items and
subsequently with the sociodemographic questions. The material used in
the survey is available upon request.

The instrument was developed to reflect our above-described
research model. Every questionnaire item was adapted to CS apps
from the original theories, which have all been widely used and tested
separately, although not specifically in this context. Every item (ques-
tion) of the instrument thus has solid theoretical and empirical support.
More specifically, the UTAUT constructs (EPE, EE, SI, FC, HM, HA, and
BI) were adapted from Venkatesh et al. (2003; 2012); Citizen empow-
erment (EM, CO, ME, IM, and SD) come from Spreitzer (1995); green
self-identity was adapted from Sparks and Shepherd (1992) and Bar-
barossa et al. (2017); and, finally, Hofstede’s cultural dimensions (CI
and LTO) from Srite and Karahanna (2006) and Hassan et al. (2011). All
items were measured on a seven-point interval scale anchored between
(1) “strongly disagree” to (7) “strongly agree” to guarantee their metric
properties. As the original items were not developed for the specific
context of CS apps, some slight adjustments were made. The measure-
ment items can be seen in Appendix A.

We started by conducting a pilot test for each country, with 30
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Table 1
Sample characteristics.
Total Portugal Spain

Age 31.5 28.2 34.7
Female 156 98 58
Male 188 79 109
Other 1 0 1
Basic or no education 4 2 2
High School 83 46 37
Undergraduate 133 52 81
MSc or PhD 125 77 48
Student 112 75 37
Employed 206 91 115
Retired 6 2 4
Unemployed 21 9 12
Total 345 177 168

respondents each. We assessed if the respondents had complications in
answering the questions with the pilots. We also used the pilot to
examine the instruments’ reliability and validity. Some questions were
adjusted slightly or even deleted in this process if they were ambiguous.
Because of these minor adaptations, the pilot responses were not used in
the final study.

For the final study we obtained 345 responses (177 from Portugal
and 168 from Spain), of which we recorded the IP addresses to avoid
duplicates. We employed Harman'’s single-factor test to test for common
method bias (MacKenzie et al., 2011). As the first factor accounted for
only 32.9 % of the covariance among all constructs, well below the
threshold of 50 %, we concluded that common method bias was not a
risk (MacKenzie & Podsakoff, 2012; Podsakoff et al., 2003). We also
added a theoretically irrelevant marker variable in the research model,
obtaining<5 % as the maximum shared variance with other variables, a
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value that can be considered as low (Johnson et al., 2011). The sample’s
sociodemographic characteristics can be seen in Table 1.

A partial least squares structural equation modeling (PLS-SEM) was
performed supported on the software SmartPLS 3 (Ringle et al., 2015).
The analysis of the PLS-SEM was assessed in two parts: the measurement
and structural models.

5. Data analysis and results
5.1. Measurement model

Following Hair et al. (2017), because our model includes only
reflective constructs we evaluated it to assess the internal consistency,
and convergent and discriminant validities. Composite reliability was
assessed to verify the internal consistency, which, as suggested by Hair
et al. (2017), were all above the threshold of 0.70 (see Table 2).
Convergent validity was assessed through average variance extracted
(AVE) and indicator reliability. The Fornell and Larcker (1981) criterion
was met, as the AVE is above 0.50 (see Table2). Moreover, the indicator
reliability criterion was also fulfilled as all the loadings were above 0.70
and statistically significant (see Appendix B), thereby demonstrating
convergent validity (Fornell and Larcker, 1981; Gotz et al., 2010).

We consider three criteria to assess discriminant validity: the Fornell-
Larcker, the cross-loadings, and the Heterotrait-to-Monotrait (HTMT)
ratio. The first of these was proposed by Fornell and Larcker (1981) and
indicated that the square root of AVE needs to exceed the correlation
between all the other constructs (see Table 2). The second criterion
states that the cross-loadings should be lower than the loadings of each
indicator (Hair et al., 2017) (see Appendix B). Third, HTMT ratios
(Table 3) were below the conservative threshold of 0.85 (Hair et al.,
2017), thus supporting discriminant validity. We conclude that our

Table 2
Average (AVG), standard deviation (SD), composite reliability (CR) and average variance extracted (AVE).
Construct AVG SD CR AVE EPE EE SI FC HM HA (¢0] ME IM SD CI LTO GSI BI
EPE 5.81 1.04 0.91 0.72 0.85
EE 5.47 1.20 0.94 0.80 0.39 0.90
SI 3.67 1.45 0.93 0.77 0.35 0.32 0.88
FC 5.68 1.12 0.89 0.61 0.44 0.62 0.26 0.78
HM 4.94 1.25 0.93 0.73 0.60 0.45 0.49 0.47 0.85
HA 3.03 1.52 0.91 0.73 0.27 0.31 0.60 0.21 0.47 0.85
co 4.60 1.46 0.91 0.77 0.30 0.61 0.25 0.57 0.40 0.35 0.88
ME 4.16 1.58 0.96 0.88 0.51 0.37 0.52 0.43 0.61 0.60 0.47 0.94
IM 4.37 1.48 0.94 0.83 0.50 0.30 0.40 0.33 0.51 0.41 0.37 0.58 0.91
SD 5.23 1.40 0.94 0.84 0.32 0.51 0.20 0.53 0.42 0.24 0.62 0.49 0.41 0.92
CI 4.79 1.49 0.90 0.82 0.11 0.10 0.20 0.10 0.14 0.13 0.08 0.19 0.15 0.05 0.91
LTO 4.93 1.09 0.83 0.55 0.07 0.06 0.11 0.09 0.16 0.15 0.07 0.16 0.19 0.13 0.22 0.74
GSI 5.91 1.05 0.90 0.75 0.32 0.21 0.20 0.37 0.34 0.21 0.25 0.46 0.27 0.25 0.17 0.18 0.87
BI 4.42 1.59 0.97 0.88 0.50 0.38 0.46 0.49 0.58 0.60 0.44 0.71 0.52 0.43 0.25 0.22 0.51 0.94
Table 3
Heterotrait-Monotrait Ratio (HTMT).
Construct EPE EE SI FC HM HA co ME M SD CI LTO GSI BI
EPE
EE 0.44
SI 0.39 0.34
FC 0.50 0.70 0.25
HM 0.67 0.49 0.53 0.51
HA 0.30 0.32 0.68 0.22 0.52
co 0.35 0.70 0.28 0.67 0.46 0.40
ME 0.57 0.40 0.56 0.44 0.66 0.66 0.54
IM 0.56 0.32 0.45 0.36 0.57 0.47 0.42 0.63
SD 0.36 0.56 0.21 0.61 0.46 0.26 0.71 0.54 0.45
CI 0.13 0.13 0.24 0.12 0.17 0.16 0.09 0.21 0.17 0.06
LTO 0.10 0.09 0.15 0.15 0.20 0.18 0.09 0.19 0.23 0.16 0.28
GSI 0.38 0.23 0.22 0.39 0.38 0.23 0.29 0.52 0.31 0.28 0.20 0.23
BI 0.54 0.40 0.49 0.48 0.62 0.64 0.49 0.75 0.56 0.46 0.28 0.26 0.57




M. Cardoso-Andrade et al.

Global Environmental Change 77 (2022) 102606

Unified Theory of Adoption and Use of Technology (UTAUT 2)

Performance
expectancy
(Environmental)

Green Self-ldentity

Green
Self-Identity

Citizen Empowerment

Competence

(R?= 66%)

HO9b H9a

= H8a
(B=-0.042) (5=0.240%"

Behavioral Intention

i

H8c

(B=0.093%) (B=0.266***)
H7b -m
W7 (B=0.392***)
- H7¢
(B=0.309"+)

H7d

(8=0.300***)
(8=0.023) ($=0.087*) (8=0.028)
- - Ccontrols i
Collectivism Long-term ! Age BeachDays ! -
[ vs Individualism } [ Orientation } | Education  Beach Distance | determination
| Gender ;
Hofstede’s cultural dimensions e '

Fig. 3. Structural model results. Notes: *Significant at 0.05; **Significant at 0.01; ***Significant at 0.001.

Table 4
Results of hypotheses tests.

Hypothesis Beta p-value Support R? 2 Effect
Inc. - Size
exc.

CS Apps BI (R? = 0.66)

H1: EPE —> 0.122  p <0.05*  Supported 0.01 0.03  Small

BI
H2: EE —> BI —0.085 p>0.05 Not 0.01 0.01 None
Supported
H3: SI -> BI —0.013 p > 0.05 Not 0.01 0.00 None
Supported
H4: FC —> BI 0.139 p<0.05*  Supported 0.01 0.03  Small
HS5: HM —> BI 0.086 p > 0.05 Not 0.01 0.01 None
Supported
H6: HA —> BI 0317 p< Supported 0.05 0.15  Medium
0.001***
H7: EMP —> 0239 p< Supported 0.03 0.06  Small
BI 0.001***
H8a: GSI —> 0.240 p< Supported 0.03 0.09  Small
BI 0.001%**
H8b: EPE x —0.042 p>0.05 Not 0.01 0.01 None
GSI—> BI Supported
H8c: EMP x 0.093 p <0.05*  Supported 0.01 0.02  Small
GSI -> BI
H9a: IC —> BI 0.087 p< Supported 0.01 0.02  Small
0.01%**
H9b: EPE x 0.023  p>0.05 Not 0.01 0.01 None
IC —> BIL Supported
H10: LTO —> 0.028 p > 0.05 Not 0.01 0.01 None
BI Supported

Notes: R-Squared (R2); R2 Change = R2 included minus excluded (R2 Inc.-exc.);
Effect size: [0.20; 0.150] - small; 1150; 0.350] medium; >= 0.350 - large.

measurement model is adequate, as it presents good indicator reliability,
constructs reliability, convergent validity, and discriminant validity.

5.2. Structural model

Before assessing the structural model, we examined if multi-
collinearity was an issue using the variance inflation factor (VIF). The
highest VIF is 2.7, well below the threshold of five (Hair et al., 2017).
Hence, we conclude that multicollinearity among the independent
constructs is not a problem (Lee & Xia, 2010). The results related to the
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Fig. 4. Moderation effect.

model testing are presented in Fig. 3, which shows that 11 of the 17
hypotheses were supported (please see Table 4).

Looking at the hypotheses derived from UTAUT (H1-H6), EE, SI, and
HM were not confirmed (H2, H3, and H6, respectively). Hence, we show
that EPE (H1: p = 0.122, p < 0.05), FC (H4: $ = 0.139, p < 0.05), and HA
(H6: p = 0.317, p < 0.001) have a positive effect on BI. As for the hy-
potheses developed based on citizen empowerment theory, we see that
they are all supported (H7 a-d). These findings demonstrate that
empowerment is, in fact, a second-order reflective-formative construct
of competence, meaning, impact, and self-determination, and that this is
a strong driver of CS apps BI (H7: p = 0.239, p < 0.001). Findings also
demonstrate the usefulness of green self-identity, as two of three hy-
potheses related with it were confirmed. We have thus shown that GSI is
positively associated with BI (H8a: p = 0.240, p < 0.001) and that it also
positively moderates the relationship between empowerment and BI
(H8c: B = 0.093, p < 0.05). However, contrary to our expectations, we
did not find evidence that GSI works as a moderator between EPE and BI
(H8b: p =-0.042, p > 0.05). Finally, looking at the hypotheses supported
by Hofstede’s cultural dimensions, we were able to support only H9a,
attesting that collectivism is positively associated with BI (H9a: § =
0.087, p < 0.01). Hence, we were unable to demonstrate that
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Table 5

Proposed guidelines for designing and promoting CS apps for coastal environment monitoring.
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Effect

Guidelines for project managers

Guidelines for app developers

Guidelines for policymakers

1. Habit (B = 0.317**¥)

2. Green self-identity
('3 = 0.240%*%)

3. Citizen
empowerment (p =
0.239%**)

4. Facilitating
conditions (p =
0.139%)

5. Environmental
performance
expectancy (f =
0.122%)

6. Collectivism (p =
0.087**)

- Account for the provision of incentives to
participants. Prefer intrinsic motivational
instruments (direct feedback and
acknowledgment of their contributions) over
extrinsic rewards (Tiago et al., 2017). Otherwise,
use them carefully so as not to undermine the
sense of empowerment (Ryan & Deci, 2020).

- Incorporate the monitoring activities into
citizens’ daily routines and hobbies (e.g., a walk-
in nature) (Sharma et al., 2019).

- Recruitment and retention communication plans
can be channeled to focus groups of “green
consumers.”

- Promote CS projects in areas where the socio-
economic system is already favoring pro-
environmental behaviors.

- Include in the project’s program activities for
increased contact with nature and its processes
(ensure that participants are exposed to healthy
and unhealthy environments for greater
awareness of the impacts)(Chao et al., 2021;
Measham & Barnett, 2008).

- Promote collaborative or co-created CS projects
instead of contributory (Golumbic et al., 2020;
Robinson et al., 2021).

-Provide access to all the necessary training
materials (Robinson et al., 2021).

- Provide timely and regular feedback (positive
and constructive) about citizens’ contributions (
Robinson et al., 2021).

- Allow contact from citizens through the app and
promote the exchange of views about the process
and its results (Frensley et al., 2017; Froeling

et al., 2021).

- Project managers are available to be contacted
by citizens through the app to provide guidelines
or clarify doubts.

- More than high-level digital platforms, choose
appropriate ones, which better fit the context
where activities are developed (Senabre Hidalgo
et al., 2021).

-Invite participants to carry out a pilot test of the
app’s prototype usefulness, aiming to turn it into a
custom-made app (Bojovic et al., 2021).

- Provide proof of the app’s effectiveness and
justify citizens’ efforts to the public by setting
performance indicators and thresholds, to track its
progress in achieving established goals (Schaefer
et al., 2021). Conduct regular assessments and
provide access to intermediate results and
achievements.

-Disseminate achievements to the public
intelligently through effective communication
strategies, clarifying the importance of CS in
solving environmental issues and its impact on
political and socio-economic systems.

- Acknowledge participants’ work and publicly
disclose its importance to meet the outlined
objectives and help solve current environmental,
societal, socio-economic, and political problems.

- Through the app, citizens perform enjoyable/
easy/ intuitive tasks (White et al., 2019).

- Favor automatized functionalities — automatic
data filling when possible and desirable via
available sensors (e.g., GPS, image, sound).

- Enable notifications with gentle reminders (e.
g., triggered by the citizen’s proximity to the
area of interest) as prompts for regular
contributions.

- Develop a media section in which the contents
planned by the project managers are displayed
(e.g., testimonials of the ongoing activities by
participants, environmental awareness
content).

- Enable citizens to participate in the design
process of the app (Robinson et al., 2021).

- Enable functionalities that allow citizens to
choose the type of contribution made (i.e., the
degree of involvement).

- The app is prepared to receive any
contribution from participants (e.g., through e-
mail, social networks, forums, and Q&A
sections).

- The app allows for consultation and sharing of
stable results and related news.

- The app provides an adequate user support
system.

-The app has open access to fundamental
training materials.

- The app is user-friendly.

-The app displays CS performance indicators’
measurements and the progress toward
achieving established goals (whether ecological,
political, or socio-economic). Data should be
presented using functional and attractive
infographics to improve scientific knowledge
transfer between scientists and the public (Perra
& Brinkman, 2021).

- Develop a “social impact” section, sharing how
project outcomes are benefiting the local
community (e.g., improved ecosystem services,
behaviors, well-being, quality and closeness of
relationships, and so on).

- Publicize CS activities and display relevant
information and friendly reminders about them
at beaches, plazas, and other convenient places.
- Carefully plan and design coastal urban
environments to provide a context that
influences people to adopt pro-environmental
behaviors (Linder et al., 2022).

- Promote outdoor activities: invite citizens to
explore and experience nearby nature settings.
- Promote environmental awareness and pro-
environmental behaviors through structural
changes in the socio-economic system (
Mantovani & Vergari, 2017).

- Promote public discussions with a diverse
group of representatives of the CS project to
participate in decision-making processes and
policy development.

- Provide evidence of using CS contributions for
informed decision and policymaking (Schade

et al., 2017).

- Secure all the important infrastructures,
including internet connection at the places being
monitored (e.g., open WI-FI network).

- Help promoting training events that are open to
the general public.

- Demand from CS project developers clear
information about the objectives, goals, and the
outcomes they plan to achieve, and help find
how these can serve the place and the
community beyond scientific production (
Hecker et al., 2018).

- Develop communication actions to 1)
understand the community’s expectations
regarding the project’s outcomes; 2) inform
about the goals achieved by CS projects and their
added value for the community in the scientific,
socio-economic, and political dimensions (
Hecker et al., 2018).

- Promote collectivistic values — every individual
should do their part for the greater good of
society.

- Promote public events where participants can
share their experience and knowledge gained
during the CS project.

collectivism mediates the relationship between EPE and BI (H9b: =
0.023, p > 0.05), or that the long-term orientation has any effect on BI

(H10: p = 0.028, p > 0.05).

The hypothesized moderation effect that is significant (H8c) is shown
in Fig. 4. From its analysis, one can see that, as mentioned above,
empowerment has a positive effect on BI (comparing the left with the

green self-identity, respectively).
Finally, we should note that our model is able to explain two-thirds of

the variation in BI (R? = 66 %), which is a substantial amount. This fact

right side), but that this effect is even more substantial in those with
greater levels of green self-identity. This is noticeable in the fact that the
slope of the dashed line is steeper than the continuous one (high and low
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indicates, in our view, the benefits of building tailor-made comprehen-
sive adoption models for the specific technology under study, high-
lighting the role that the four main theories play in CS apps adoption.
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6. Discussion and implications
6.1. Discussion of findings and theoretical implications

Given the growing importance of CS as a support tool for informing
scientists, raising awareness, and encouraging people’s habits to change
toward more sustainable behaviors, we developed a multidisciplinary
theory to identify the determinants for the adoption and use of CS apps
for coastal environment monitoring. The use of CS apps depends on
technological, cultural, and environmental dimensions. However, not all
of the significant factors are of equal importance. Habit (UTAUT-2),
green self-identity, and citizen empowerment are by far the most
influential drivers of CS apps BL. Table 4 presents the summary of
hypotheses.

Our results suggest that successful CS apps adoption requires habit
formation. Habit comes from unconscious and automatic behaviors, and
these are developed by repetitive actions (Gardner & Rebar, 2019). As
suggested by White et al. (2019), to foster a habitual behavior, the
proposed measures should be easy, while participants should be
encouraged to comply with their tasks, either through prompts such as
notifications (e.g., whenever the participant approaches a beach), or
incentives (e.g., direct feedback or acknowledgment of their work’s
implications). In this regard, CS project managers should be careful
about using rewards as incentives (extrinsic motivation tools) as they
can undermine the citizens’ sense of autonomy and competence valued
by participants (Ryan & Deci, 2020). Sharma et al. (2019) suggest
another possibility to create the habit of using CS apps: to incorporate
the monitoring activities into citizens’ daily routines and hobbies (e.g., a
walk-in nature).

The use of CS apps is also more likely if participants feel empowered
by using them. Fundamental sentiments of empowerment come from
internal and external recognition of participants’ contributions to sci-
ence and their integration during all steps of the process (Froeling et al.,
2021; Lee et al., 2018). This behavior is consistent with the fourth, fifth,
seventh, and eighth principles laid out by the European Citizen Science
Association (ECSA) (ECSA, 2015; Robinson et al., 2019).

People who identify as having a green self-identity are more inclined
to use CS apps. Though green consumption and voluntary participation
in CS for coastal environment monitoring are different forms of pro-
environmental behavior, both come from self-transcendental values
that give rise to environmental concerns (Barbarossa et al., 2017; Steg
et al., 2014a). Green self-identity seems to be a cause and effect of CS
participation (Dean et al., 2018). CS mobile apps for environmental
monitoring provide an opportunity for people to apply their knowledge
in close natural settings. This convenience will increase the frequency of
contributions, which will improve citizens’ environmental awareness,
knowledge, and experience. Sharma et al. (2019) remarked that when
citizens closely observe species behavioral patterns, they become more
aware of the importance of preserving them and their habitat and the
impacts of their actions (e.g., trampling in rocky intertidal ecosystems or
littoral dunes). Dean et al. (2018), who studied marine and coastal CS
engagement, underlined the benefits of exposing participants to healthy
and disturbed environments so that there is greater sensitivity and
cooperation with marine conservation. In turn, this sensitiveness pro-
motes pro-environmental behavior and the willingness to share acquired
knowledge with others.

Aside from the direct effect that green self-identity has on CS apps BI,
we also found that it works as a catalyst for citizen empowerment’s
impact on CS apps BI. As hypothesized, we demonstrate that citizen
empowerment’s influence on CS apps BI is even more substantial for
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people who are “green” (see Fig. 4). If CS apps stakeholders can use this
joint effect in their efforts, they are more likely to succeed. In this regard,
it should be noted that contrary to what we hypothesized, green self-
identity does not have this effect on the relationship between environ-
mental performance expectancy and CS apps BI, probably because the
first two are independent.

Environmental performance expectancy and facilitating conditions
are also technological determinants positively related to the intention to
adopt and use CS apps. Surprisingly, effort expectancy, social influence,
and hedonic motivation’s effects were not shown to drive CS app BI. This
finding contradicts those reported in earlier studies regarding the drivers
of pro-environmental behaviors adoption (Estrada et al., 2017;
Jakucionyte-Skodiene & Liobikiene, 2021) and the motivations to
participate in CS projects (Land-Zandstra et al., 2021). We believe that
our study did not observe these potential drivers’ effects because our
model comprehends other CS apps determinants (e.g., green self-
identity and cultural dimensions) that may have outweighed them. We
posit that the non-confirmation of the effort expectancy hypothesis may
be justified by the fact that users already know the technology in depth
(mobile phone apps) and that the importance of effort expectancy is thus
lower when compared to the adoption of more recent technologies
(Naranjo-Zolotov et al., 2019). Although respondents were contextual-
ized, another possible explanation could be that they were in part new to
the subject and had not yet experienced coastal environmental moni-
toring and the way it uses technology. An additional explanation
regarding effort expectancy is that citizens’ perceptions of effort is a
pleasure-seeking activity in the context of CS apps (i.e., walks on the
beach and observation of different species and habitats), although this
may seem inconsistent with the lack of significance of hedonic motiva-
tion. Still, hedonic motivations are developed for “improving one’s
feelings and reducing effort” (Steg et al., 2014b, p. 107), and therefore
the non-confirmation of effort expectancy is reasonably in line with the
non-confirmation of hedonic motivation. Regarding the non-
confirmation of social influence, we suggest that internal motivations
may overlap social influence when it comes to pro-environmental be-
haviors, which explains why having a green self-identity is so important
(Juaneda-Ayensa et al., 2020). Another possible explanation is the fact
that CS is voluntary work and, in this sense, there are no expectations for
this behavior nor a social norm to conform with (Perry et al., 2021).

The significant impact of environmental performance expectancy on
CS apps BI reveals that it is essential for the participants that the tech-
nology be effective — for instance, technical utility, effective monitoring
of coastal ecosystems’ health status, improving scientific knowledge,
raising people’s environmental awareness, accountability and compli-
ance with environmental policies, and promoting adequate governance
and socio-economic response, among other general benefits of CS pro-
jects listed by De Rijck et al. (2020). Participants will likely feel more
motivated and effective if the app provides the desirable facilitating
conditions, i.e., adequate training materials and a user support system to
perform the voluntary work (San Llorente Capdevila et al., 2020).

Our results also demonstrate that to some extent culture plays a role
in CS apps adoption. We confirmed a positive, although relatively weak,
impact of collectivism versus individualism in CS apps BI. This discovery
sheds some light upon ambiguity found in the earlier literature. Col-
lectivists seem to be more likely to use these apps, probably because they
are usually more concerned about the impacts that climate change and
biodiversity crises are having and will have on society. They are also
more easily moved by altruistic values than egoistic values. This means
they will be more likely to perform selfless acts such as volunteering in
CS projects. Long-term participation in CS apps is motivated by
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education outreach, accountability, and acknowledgment of one’s work
in one’s social group (Rotman et al., 2014). Thus, it is essential that CS
apps disseminate their results to the public pragmatically, measuring
their usefulness for public matters. It may not be enough merely to
respond to the CS apps’ specific objectives, but to show how citizens’
effort for this initiative has helped solve current environmental issues
and societal concerns and how it has impacted political and socio-
economic decision-making.

The effect of long-term orientation was, contrary to our expectations,
nonsignificant. In previous studies, long-term orientation was reported
to be positively related to pro-environmental behavior (Dangelico et al.,
2020; Mi et al., 2020). This is because environmental causes are based
primarily on long-term goals, while short-term-oriented persons are less
likely to jeopardize their self-interests and goals in favor of community/
global causes (Wittmann & Sircova, 2018). CS apps may provide several
outcomes: some relatively short-term — improved knowledge, environ-
mental awareness, the opportunity for joining a community — and others
long-term — environmental justice, modification of behaviors, enhanced
human health and safety, sustainable management and development,
and improved political and socio-economic systems (Johnson et al.,
2014; Lee et al., 2018). Therefore, a possible explanation for this cultural
dimension not being a determining factor could be recognizing the short
and long-term benefits of CS apps.

6.2. Implications for practice and resulting guidelines

To the best of our knowledge, this research is the first to create a
comprehensive, tailor-made, conceptual model for CS apps, thereby
addressing the gap identified in the literature regarding what drives
citizens’ engagement for participating in CS initiatives within the scope
of environmental monitoring (Kasten et al., 2021). Coastal ecosystems
are widely affected by climate change and other anthropogenic pres-
sures, as they are subject to land and sea-based activities (He & Silliman,
2019). Thus, CS apps for coastal environment monitoring are different
from other CS apps and need direct and custom-made guidelines. This is
increasingly urgent and important to achieve effective public partici-
pation and trustworthy monitoring datasets of these ecosystems. Intel-
ligent approaches in implementing these apps can also increase
awareness and compliance with environmental policies among different
stakeholders.

Our study may provide valuable insights to CS stakeholders
regarding the profile of the target user groups (i.e., those who are more
likely to engage in these initiatives) and adequate functional features to
be regarded in the app’s design and development. This information can
be beneficial for the rational management of (usually scarce) resources
allocated to the citizens’ recruitment and retention processes of CS
projects. Hence, we propose the following guidelines (Table 5) to help
project managers, app developers, and policymakers to promote CS apps
for coastal environment monitoring.

6.3. Limitations and future work

As with any study, our work also entails some limitations that should
be addressed in future research undertakings. First, our data refer to a
specific point in time. Therefore, this study does not capture possible
changes in the perception of individuals toward CS apps and environ-
mental issues. Hence, future research should seek to capture individuals’
perceptions over time. Second, although we were able to collect data
from two countries, cautions should be taken when generalizing our
results to other geographical/cultural contexts. Finally, as CS apps for
environmental monitoring are widespread, future studies should target
post-adoption behaviors, such as outcomes.
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7. Conclusions

Our research provides a model that joins theories of technology
adoption and use with the effect of culture in individuals’ values and
behaviors, and the motivations for pro-environmental behavior, to
provide unique insight about what drives citizens to use CS apps for
coastal environment monitoring. This multidisciplinary approach is of
utmost importance to understand the various factors that promoters,
professional scientists, developers, and other stakeholders must consider
when designing and developing successful CS apps for coastal environ-
ment monitoring. In turn, successful CS apps for coastal environment
monitoring will most likely improve citizens’ attraction and retention in
CS projects. Well-designed and developed CS platforms can also intel-
ligently use the project’s resources. In response to our research ques-
tions, people who will more likely engage with CS apps in the context of
coastal environment monitoring are collectivists, usually more aware
and concerned about the environmental crisis and the extended impacts
on societies at regional and global scales. They also are assumed to have
a green identity, i.e., their behaviors are typically environmentally
conscious and sustainable. Drivers of CS apps used for coastal environ-
ment monitoring are the sense of empowerment, habit development,
provision of facilitating conditions, and environmental performance
expectancy.

This study provides clear guidelines for project managers, app de-
velopers, and policymakers to improve the chances of sustained public
participation in CS projects for coastal environment monitoring through
their apps.
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Table Al
Survey questions.
Construct # Item Source
Environmental Performance EPE1 Ifind CS apps for coastal environment monitoring useful to conserve the ~ Adapted from: (Venkatesh et al., 2003; Venkatesh et al.,
Expectancy (EPE) environment. 2012)
EPE2  Using CS apps for coastal environment monitoring increases the chances
of achieving conservation goals that are important to me.
EPE3  Using CS apps for coastal environment monitoring helps me accomplish
conservation tasks more quickly.
EPE4 Using CS apps for coastal environment monitoring increases my
productivity in conserving the environment.
Effort Expectancy (EE) EE1 Learning how to use CS apps for coastal environment monitoring is easy. ~ (Venkatesh et al, 2003; Venkatesh et al., 2012)
EE2 It is easy for me to become skillful at using CS apps for coastal
environment monitoring.
EE3 My interaction with CS apps for coastal environment monitoring is clear
and understandable.
EE4 I find CS apps for coastal environment monitoring easy to use.
Social Influence (SI) SI1 People who are important to me think I should use CS apps for coastal (Venkatesh et al., 2003; Venkatesh et al., 2012)
environment monitoring.
SI2 People who influence my behavior think I should use CS apps for coastal
environment monitoring.
SI3 CS apps for coastal environment monitoring use are a status symbol in
my community.
SI4 People whose opinions I value want me to use CS apps for coastal
environment monitoring.
Facilitating Conditions (FC) FC1 I have the necessary resources to use CS apps for coastal environment (Venkatesh et al., 2003; Venkatesh et al., 2012)
monitoring.
FC2 I have the necessary knowledge to use CS apps for coastal environment
monitoring.
FC3 CS apps for coastal environment monitoring are compatible with other
technologies I use.
FC4 I can get help from others when I have difficulties using CS apps for
coastal environment monitoring.
Hedonic Motivation (HM) HM1 Using CS apps for coastal environment monitoring is fun. (Venkatesh et al., 2003; Venkatesh et al., 2012)
HM2 Using CS apps for coastal environment monitoring is enjoyable.
HM3 Using CS apps for coastal environment monitoring is entertaining.
HM4 Using CS apps for coastal environment monitoring is interesting.
HM5 1 feel a sense of adventure when using CS apps for coastal environment
monitoring.
Habit (HA) HA1 The use of CS apps for coastal environment monitoring has become a (Venkatesh et al., 2003; Venkatesh et al., 2012)
habit.
HA2 I must use CS apps for coastal environment monitoring.
HA3 Using CS apps for coastal environment monitoring has become natural
to me
HA4 I am addicted to using CS apps for coastal environment monitoring.
Competence (CO) Co1 I have mastered the use of CS apps for coastal environment monitoring. (Kim & Gupta, 2014; Rappaport, 1987; Spreitzer, 1995;
Cco2 I am self-assured about my capabilities to use CS apps for coastal Zimmerman & Rappaport, 1988; Zimmerman, 1995)
environment monitoring.
Cco3 I am confident about my ability to use CS apps for coastal environment
monitoring.
Meaning (ME) ME1 The CS apps for coastal environment monitoring I use are very important ~ (Kim & Gupta, 2014; Rappaport, 1987; Spreitzer, 1995;
to me. Zimmerman & Rappaport, 1988; Zimmerman, 1995)
ME2 The CS apps for coastal environment monitoring I use are meaningful to
me.
ME3 The activities of the CS apps for coastal environment monitoring I use
are personally meaningful to me.
Impact (IM) M1 Based on CS apps for coastal environment monitoring usage, my impact ~ (Kim & Gupta, 2014; Rappaport, 1987; Spreitzer, 1995;
on what happens in the community is immense. Zimmerman & Rappaport, 1988; Zimmerman, 1995)
M2 Based on CS apps for coastal environment monitoring usage, I have
significant influence over what happens in the community.
M3 Based on CS apps for coastal environment monitoring usage, I have a
great deal of control over what happens in the community.
Self-determination (SD) SD1 I have autonomy in determining how I use CS apps for coastal (Kim & Gupta, 2014; Rappaport, 1987; Spreitzer, 1995;
environment monitoring. Zimmerman & Rappaport, 1988; Zimmerman, 1995)
SD2 I have independence and freedom in how I use the CS apps for coastal
environment monitoring.
SD3 I can decide how to use CS apps for coastal environment monitoring on
my own.
Green self-identity (GSI) GSIl I consider myself to be concerned about environmental issues. (Barbarossa et al., 2017; Sparks & Shepherd, 1992)
GSI2 I consider myself to be a green consumer.
GSI3 The effect that marine pollution/overexploitation has on the
environment concerns me.
Collectivism (CI) CIl Group success is more important than individual success. (Srite & Karahanna, 2006)
CI2 Being loyal to a group is more important than individual gain.
Long-term orientation (LTO) LTO1 Respect for tradition is important for me. (Hassan et al., 2011)
LTO2 I will work hard for success in the future.
LTO3  Traditional values are important for me.

(continued on next page)
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Table A1 (continued)

Construct # Item Source

LTO4 I plan for the long-term.

Behavioral Intention (BI) BI1 Tintend to continue using CS apps for coastal environment monitoring in (Venkatesh et al., 2003; Venkatesh et al., 2012)
the future.
BI2 I will always try to use CS apps for coastal environment monitoring in
my daily life.
BI3 1 plan to continue to use CS apps for coastal environment monitoring
frequently.
BI4 I plan to use CS apps for coastal environment monitoring regularly.
Table B1
Loadings and cross-loadings.
Item EPE EE SI FC HM HA co ME M SD CI LTO GSI BI
EPE_1 0.86 0.34 0.29 0.37 0.53 0.21 0.26 0.44 0.46 0.29 0.14 0.09 0.26 0.42
EPE_2 0.88 0.31 0.32 0.40 0.52 0.24 0.23 0.44 0.43 0.28 0.10 0.09 0.29 0.45
EPE 3 0.84 0.31 0.25 0.38 0.48 0.20 0.25 0.41 0.35 0.23 0.05 0.04 0.30 0.39
EPE_4 0.82 0.38 0.34 0.34 0.49 0.27 0.29 0.45 0.44 0.27 0.07 0.03 0.24 0.42
EE_1 0.35 0.91 0.29 0.58 0.39 0.28 0.56 0.33 0.26 0.50 0.12 0.06 0.20 0.36
EE_ 2 0.36 0.92 0.32 0.57 0.38 0.26 0.58 0.34 0.29 0.48 0.08 0.07 0.20 0.35
EE 3 0.37 0.91 0.32 0.56 0.44 0.33 0.54 0.36 0.30 0.42 0.07 0.05 0.21 0.35
EE_4 0.33 0.84 0.23 0.51 0.38 0.22 0.50 0.31 0.21 0.44 0.11 0.04 0.12 0.28
SL1 0.33 0.33 0.91 0.26 0.42 0.52 0.24 0.46 0.39 0.18 0.18 0.15 0.20 0.42
SI.2 0.35 0.36 0.94 0.28 0.49 0.56 0.27 0.50 0.38 0.24 0.21 0.10 0.22 0.46
SI.3 0.21 0.15 0.75 0.10 0.33 0.48 0.11 0.36 0.30 0.04 0.11 0.11 0.08 0.29
SL4 0.34 0.26 0.91 0.23 0.45 0.56 0.21 0.49 0.34 0.21 0.19 0.06 0.17 0.42
FC_1 0.30 0.52 0.10 0.79 0.28 0.08 0.46 0.25 0.20 0.44 0.08 0.02 0.18 0.25
FC2 0.36 0.48 0.10 0.79 0.35 0.03 0.43 0.27 0.29 0.43 0.01 0.01 0.20 0.25
FC_3 0.33 0.43 0.13 0.74 0.37 0.06 0.38 0.27 0.30 0.45 0.10 0.11 0.25 0.29
FC4 0.33 0.57 0.20 0.81 0.35 0.20 0.58 0.27 0.20 0.44 0.06 0.08 0.25 0.38
FC5 0.37 0.44 0.35 0.78 0.43 0.30 0.40 0.48 0.28 0.37 0.10 0.10 0.43 0.54
HM_1 0.54 0.43 0.45 0.45 0.91 0.46 0.37 0.54 0.45 0.38 0.15 0.20 0.34 0.58
HM_2 0.49 0.39 0.44 0.39 0.89 0.41 0.32 0.54 0.43 0.38 0.14 0.14 0.27 0.49
HM_3 0.52 0.39 0.43 0.40 0.89 0.45 0.37 0.53 0.42 0.34 0.08 0.11 0.30 0.50
HM_4 0.55 0.37 0.33 0.47 0.80 0.28 0.36 0.50 0.40 0.41 0.12 0.14 0.39 0.48
HM_5 0.43 0.31 0.43 0.26 0.77 0.42 0.27 0.48 0.50 0.28 0.11 0.08 0.12 0.40
HA1 0.23 0.30 0.57 0.22 0.45 0.93 0.34 0.57 0.36 0.25 0.12 0.20 0.24 0.58
HA2 0.33 0.28 0.49 0.20 0.43 0.78 0.26 0.46 0.37 0.19 0.11 0.06 0.16 0.47
HA3 0.24 0.31 0.52 0.22 0.42 0.92 0.38 0.57 0.38 0.25 0.12 0.14 0.20 0.58
HA 4 0.09 0.11 0.45 0.03 0.28 0.77 0.17 0.41 0.29 0.10 0.11 0.11 0.07 0.34
CO_1 0.18 0.51 0.35 0.36 0.35 0.52 0.76 0.47 0.32 0.45 0.08 0.13 0.21 0.45
CO_2 0.29 0.56 0.15 0.57 0.34 0.20 0.94 0.40 0.32 0.59 0.07 0.01 0.23 0.34
COo_3 0.31 0.53 0.16 0.57 0.36 0.23 0.92 0.38 0.34 0.58 0.06 0.03 0.21 0.36
ME_1 0.49 0.37 0.52 0.40 0.57 0.59 0.48 0.95 0.55 0.48 0.23 0.17 0.42 0.67
ME_2 0.51 0.35 0.46 0.41 0.58 0.53 0.41 0.95 0.55 0.47 0.18 0.13 0.43 0.65
ME_3 0.44 0.33 0.48 0.40 0.55 0.58 0.45 0.93 0.53 0.44 0.12 0.15 0.45 0.67
IM_1 0.50 0.29 0.36 0.32 0.48 0.37 0.36 0.58 0.95 0.41 0.16 0.18 0.31 0.50
M2 0.48 0.32 0.35 0.34 0.52 0.38 0.39 0.55 0.94 0.42 0.13 0.16 0.25 0.49
IM_3 0.37 0.20 0.39 0.22 0.39 0.39 0.26 0.45 0.85 0.28 0.11 0.18 0.17 0.44
SD_1 0.32 0.51 0.18 0.52 0.36 0.22 0.64 0.47 0.35 0.92 0.06 0.13 0.24 0.39
SD_2 0.29 0.46 0.19 0.49 0.41 0.24 0.56 0.46 0.39 0.95 0.05 0.10 0.23 0.43
SD_3 0.27 0.44 0.18 0.45 0.38 0.22 0.50 0.43 0.38 0.88 0.02 0.12 0.21 0.36
CL1 0.10 0.08 0.17 0.09 0.14 0.11 0.07 0.20 0.14 0.05 0.94 0.23 0.21 0.25
CI.2 0.09 0.12 0.20 0.08 0.12 0.13 0.06 0.13 0.12 0.04 0.87 0.17 0.08 0.18
LTO_1 0.07 0.01 0.05 0.05 0.14 0.12 0.05 0.12 0.14 0.05 0.22 0.81 0.12 0.18
LTO_2 0.06 0.05 0.10 0.09 0.12 0.10 0.05 0.14 0.18 0.14 0.15 0.70 0.20 0.20
LTO_3 0.02 0.00 0.09 0.00 0.10 0.15 0.05 0.09 0.11 0.02 0.19 0.81 0.05 0.15
LTO_4 0.06 0.14 0.10 0.14 0.13 0.07 0.06 0.11 0.10 0.17 0.07 0.62 0.17 0.12
GSI_1 0.30 0.18 0.16 0.34 0.31 0.16 0.22 0.41 0.24 0.22 0.13 0.18 0.90 0.45
GSI_2 0.26 0.16 0.21 0.31 0.31 0.26 0.21 0.39 0.25 0.21 0.16 0.15 0.83 0.45
GSI_3 0.28 0.19 0.15 0.31 0.26 0.13 0.22 0.39 0.22 0.21 0.16 0.15 0.87 0.43
BI1 0.51 0.39 0.36 0.52 0.56 0.46 0.42 0.62 0.46 0.42 0.22 0.23 0.55 0.90
BI.2 0.45 0.35 0.44 0.42 0.54 0.61 0.38 0.68 0.53 0.39 0.24 0.22 0.48 0.94
BI3 0.49 0.34 0.47 0.45 0.55 0.58 0.41 0.69 0.50 0.40 0.24 0.19 0.46 0.96
BI4 0.42 0.34 0.44 0.44 0.53 0.59 0.42 0.66 0.47 0.40 0.23 0.21 0.44 0.95
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