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Abstract: It is commonly argued that, despite the tremendous resonance Citizen Science (CS) has
shown in recent years, there is still lack of understanding of important aspects defining citizens’
participation and engagement in CS initiatives. While CS initiatives could provide a vehicle to foster
forms of participation contributing to the democratization of science, there is still limited attention
paid to the “Citizen” component of the Citizen Science term. For the purpose of this work, we sys-
tematically reviewed the available literature for empirical studies in respect to citizens’ participation
in environmental and nature-based CS initiatives established during the last two decades, using the
PRISMA methodology. The participatory facet of the retrieved 119 CS initiatives was analysed on the
basis of: (a) exclusion and inclusion demographic factors, (b) CS models and practices, (c) facilitators
and constraints of citizen’s participation, and (d) environmental citizenship. Our findings show that
the majority of the CS initiatives did not place restrictions on gender participation; however, we have
identified that mostly highly educated adults participated in the reviewed initiatives. In addition,
most of the CS initiatives reported in the literature were situated in the EU and USA, were mostly
limited to the local scale, and primarily followed the contributory model. Academic institutions
were found to coordinate the majority of the CS initiatives examined. By using digital technologies,
academic scientists were able to control and increase data quality, as well as to engage a broader audi-
ence, even though they were mostly treating volunteers as “data collectors”, desiring their long-term
engagement. Therefore, it will be of CS benefit to be better aligned with the mentality and needs of cit-
izens. In this direction CS initiatives should trigger citizens’ learning gains and interpersonal/social
benefits and personal, environmental, and social motivations, but also to shift their goals towards
contributing to science and citizens’ connection with nature. On the other hand, there is a need to
overcome any design and implementation barriers, and to enhance democratization through a more
participative engagement of active and aware citizens, thus promoting environmental citizenship.

Keywords: nature-based citizen science; environmental citizen science; participation; inclusion;
exclusion; facilitators; constraints; models and practices; environmental citizenship; systematic
literature review

1. Introduction

Public participation in scientific research has a long history, with the use of non-experts
as the primary source of collection of large amount of data on behalf of professional scien-
tists [1,2]. Nowadays, the term Citizen Science (CS) describes the involvement, engagement,
and communication of the public (e.g., volunteers, students or activists) with professional
scientists, in collecting data and gathering information in various fields of science, such
as nature, ecology, and the environment [3–7]. The interaction between the public and
scientists can be seen as an amphidromic procedure promoting public participation in
science, where among other things the former gain knowledge and skills throughout data
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collection and the latter use these large-scale data, that may not be easily gathered with
other techniques, for the common good, thus resulting in a win-win situation [8,9].

Despite the long history of CS, there are still several limitations in the underlying
models and frameworks, which guide the public participation in CS initiatives. In many CS
initiatives, the citizens are merely treated as “data collectors” or “passive” participants [10],
instead of “active citizens” [11]. This finding is not surprising, given that CS research is
not focused, for instance, on how CS can help the public to understand and appreciate the
power of science for socio-political and socio-cultural action [6]. However, CS can be an
excellent venue for the democratization of science, by achieving an “inclusive” and active
engagement of citizens in the scientific process.

As CS has blossomed in recent years, many professional networks have been founded
around the globe (e.g., International, European, US-based and Australian Citizen Science
Association), aiming to advance the proper design of methodologies for the effective
implementation of nature-based and environmental CS initiatives. In addition, these
associations aim at addressing any inaccuracies for who is counted as “scientist” and who
as “citizen”, while also attempting to connect more effectively citizens with nature, as well
as ensuring the appropriate use of citizens’ data towards decision- and policy-making, for
a more sustainable environment [12,13].

Aligned with the aforementioned concerns and remedial actions, this study presents
a systematic review of the available empirical research on citizens’ participation in envi-
ronmental and nature-based CS. More specifically, the participatory aspects of a total of
119 CS initiatives were analysed on the basis of: (a) exclusion and inclusion demographic
factors, (b) CS models and practices defining citizens’ participation, (b) facilitators and
constraints of citizen’s participation, and (d) participation forms for the achievement of
environmental citizenship. The rest of the manuscript continues with (i) providing an
overview of environmental and nature-based CS initiatives, (ii) defining the participatory
aspects of CS initiatives, and (iii) reflecting on how CS initiatives can serve as a venue
to foster Environmental Citizenship. This theoretical background motivates the research
questions guiding this review effort, which will be presented in the following sections.

1.1. Overview of Environmental and Nature-Based CS Initiatives

When the term “citizen science” was coined in the 19th century it was not well defined,
but there are many examples of environmental and nature-based CS initiatives, which
were carried out by volunteers without professional training in science [14]. In recent years,
environmental and nature-based CS initiatives mainly deal with public monitoring for data
collection from trained non-specialist citizens, aiming to address various environmental
problems as well as to contribute to nature conservation. These include but are not limited
to CS initiatives related to air pollution (e.g., Air Sensor Toolbox, Smoke Sense), bird moni-
toring (e.g., Galaxy Zoo (http://www.galaxyzoo.org/, accessed on 28 June 2021), eBird
(http://www.ebird.org/, accessed on 28 June 2021), NestWatch (https://nestwatch.org/,
accessed on 28 June 2021), FeederWatch (https://feederwatch.org/, accessed on 28 June
2021), Big Butterfly Count (https://bigbutterflycount.butterfly-conservation.org/, accessed
on 28 June 2021), biodiversity conservation (e.g., GBIF (https://www.gbif.org/, accessed
on 28 June 2021)), and water quality (e.g., bloomWatch (https://cyanos.org/bloomwatch/,
accessed on 28 June 2021)) [15]. For instance, bird monitoring and butterflies’ observation
by volunteers are considered among the oldest nature-based CS initiatives [16,17]. In fact,
during the last few decades there has been an increasing emphasis on CS initiatives focusing
on: (i) improving citizens’ understanding on ecology and nature by providing place-based
experiences, (ii) developing citizens’ scientific practices and scientific knowledge, and (iii)
promoting conservation actions with reflect on policy- and decision-making [3,8].

Framing CS initiatives involves several risks due to the various differences attributed
to the different fields explored, and the different methodological approaches followed in
relation to the development, implementation, and evaluation of each initiative [8]. Various
research groups have already attempted to understand CS models and practices regarding
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citizens’ engagement [14,18–20]. However, the derived outcomes should be carefully
correlated with all the inclusive and exclusive factors affecting citizens’ participation.

1.2. Participation Aspects of CS Initiatives

Citizens’ participation in CS initiatives has been raised by various research groups in
the literature, underlying the importance of several participation aspects for those involved
(e.g., social, individual, civic, civil participation, etc.), from different perspectives and
angles [2,5,18,21–23]. However, there is a limited number of CS initiatives focusing on the
promotion of an inclusive participation which can ideally lead science towards democrati-
zation [24]. Considering the classification of Shirk et al. (2012), and the attempts to address
socio-cultural and socio-political theoretical frames within CS initiatives, different degrees
of public participation have been identified so far, classifying the levels of citizens’ involve-
ment into “contractual”, “contributory”, “collaborative”, “co-created”, and “collegial”. In
contractual CS initiatives, the scientists conduct, for instance, an investigation requested
by the communities. On the other hand, contributory and collaborative CS initiatives are
designed by scientists; however, in the former case, citizens take part as “data collectors”,
while in the latter case the citizens also contribute to the design, data analysis, and/or
dissemination of the outcomes. Co-created initiatives are co-designed by both scientists
and citizens, and they are characterised by the active participation of citizens throughout
the whole duration of the project. Collegial initiatives are the ones where citizens conduct
an investigation independently, while expecting recognition from scientists. Despite the
significance of designing collaborative and co-created initiatives, in which citizens are
actively engaged, there are many CS initiatives which use contributory approaches, where
citizens are simply taking the role of “passive sensors” providing the required data to the
scientists [11,25,26].

It is also of paramount importance to mention that there are also some factors known
as “facilitators”, which may increase the interest of citizens in participation, and conversely
factors known as “barriers”, which may prohibit citizens’ participation in CS initiatives.
In a CS initiative that took place in Rwanda, as an attempt to control malaria under the
Environmental Virtual Observatories for Connective Action (EVOGA) multidisciplinary
project, the authors reported that the engagement of citizens along the continuation of the
project was facilitated by the ease of using observational materials (i.e., in-depth interviews,
mobile phones, workshop) on their reports, but also from the fact that the participants were
feeling useful to the program, as their efforts were well recognized by the scientists and
the community [27]. On the other hand, in a hypothetical Australian marine CS initiative,
it was revealed that a major barrier for citizens to participate in the initiative was their
insufficient knowledge of marine species, which made it difficult for them to contribute
effectively [28]. Stakeholders (e.g., scientists, community actors, NGOs, etc.) in CS initia-
tives should better understand citizens’ benefits, motivations, goals, and constraints, along
with the use of best practices incipient from the design and implementation of their initia-
tives [18,29–34]. Therefore, it becomes imperative to systematically examine the facilitators
and barriers, which may affect positively or negatively, respectively, citizens’ participation
in CS initiatives [35].

The development of digital technologies has also contributed to the growth of CS,
providing an easily accessible source of communication with and among participants, from
data collection towards the analysis, interpretation, and dissemination of outcomes to a
broader audience [36]. Digital technologies have increased the visibility of CS initiatives
and given opportunities to unidentified and underrepresented groups to participate and
contribute to science [37]. However, the use of digital technologies carries risks as it:
(i) focuses primarily on the data collection aspects of the CS initiatives, and (ii) creates
population imbalance due to the digital divide, excluding those who do not advanced ICT
(Information Communication Technology) knowledge or the infrastructure needed [38,39].

Besides that, it is crucial to identify how CS initiatives are designed, managed, and
implemented (i.e., existing CS models and practices) with respect to citizens’ participa-
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tion as well as the approaches used to eliminate any inclusive or exclusive demographic
factors, such as gender, age, and education [40–42]. As reported in the literature, there
are several discrepancies due to the impact of demographic factors, which deter citizens
from participating in CS initiatives [29,43]. Thus, the necessity to carefully and thoroughly
design and manage CS initiatives to unrestrictedly engage citizens beyond the collection
and submission of data, is imperative [18,29–34]. Therefore, there is a need now more than
ever to focus on the active involvement of citizens and promote environmental citizenship,
where citizens will be benefited and motivated via their contribution to science and nature
conservation [44].

1.3. Participation in CS Initiatives as a Venue to Cultivate Environmental Citizenship

Existing models and practices of CS initiatives, place the emphasis on the “science”
rather than on the “citizen” component [44]. However, when it comes to CS initiatives, it is
also of paramount importance to give the necessary emphasis to the “citizen” component
in the “Citizen Science” term [23,45]. This change will also shift the focus of CS initiatives
from citizens as “data collectors” to citizens as “active participants”. In turn, this will also
contribute to the empowerment of citizens’ knowledge, values, attitudes, skills, compe-
tences, and behaviours in order to promote their ability to undertake socio-environmental
and environmental citizenship actions [46–48]. Environmental citizenship is defined as a
multifaceted concept, which deals with pro-environmental behaviour and citizens’ atti-
tudes towards the environment. According to the recent definition given by the European
Network for Environmental Citizenship (ENEC, 2018):

“Environmental Citizenship is defined as the responsible pro-environmental behaviour
of citizens who act and participate in society as agents of change in the private and
public sphere on a local, national and global scale, through individual and collective
actions in the direction of solving contemporary environmental problems, preventing
the creation of new environmental problems, achieving sustainability and developing
a healthy relationship with nature. Environmental Citizenship includes the practise of
environmental rights and duties, as well as the identification of the underlying structural
causes of environmental degradation and environmental problems and the development
of the willingness and the competences for critical and active engagement and civic
participation to address those structural causes and to act individually and collectively
within democratic means, taking into account inter- and intra-generational justice.”

Within this context, an emerging question is whether CS initiatives, and especially
environmental and nature-based ones, can endorse forms of participation which can
support and promote environmental citizenship. In their review study, Wiggins and
Crowston [20] constructed a matrix of CS typologies, after examining 30 CS initiatives in
relation to the nature of citizens’ participation. Therein, the reviewed CS initiatives were
clustered into five mutually exclusive and exhaustive types of initiatives including action
(2 CS initiatives out of 30), conservation (7 out of 30), investigation (10 out of 30), virtual
(7 out of 30), and education (4 out of 30). By definition, action-related CS initiatives are
using bottom-up approaches (scientific research) to encourage participant intervention in
local concerns and support civic agendas. Therefore, action-related CS initiatives could
potentially contribute to the cultivation of environmental citizenship and enhance the
engagement of participants through encouragement as a way to address socio-political and
socio-cultural issues. In addition, such CS initiatives could potentially promote citizens’
active participation as a venue to address large-scale environmental issues, prevent new
ones, as well as to achieve sustainability and a healthy relationship with nature [49–51].

1.4. Study Overview and Research Questions

The present review study aims into systematically examine the participation aspects of
nature-based and environmental CS initiatives by following the PRISMA methodology [52].
In particular, our aim was four-fold and it is reflected in the following research questions
(RQs):
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• RQ1: Which are the main exclusion and inclusion demographic factors, defining
citizens’ participation in nature-based and environmental CS initiatives?

• RQ2: How do existing CS models and practices define citizens’ participation in nature-
based and environmental CS initiatives?

• RQ3: Which are the main facilitators and constraints of citizen’s participation in
nature-based and environmental CS initiatives?

• RQ4: Do nature-based and environmental CS initiatives provide a participation venue
that fosters environmental citizenship?

2. Methodology
2.1. Data Collection

The studies analysed in this literature review covered empirical research published
within 2000 to 2020, in English language, as a full paper in a peer-reviewed academic journal.
The retrieval of the reviewed studies followed the PRISMA standards for Systematic
Literature Reviews [52] and was based on a multi-step procedure comprised of three
sequential stages, as follows: (a) Identification, (b) Screening, and (c) Eligibility (Figure 1).
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Initially, at the identification step, the published literature was surveyed using four
electronic databases: Scopus, Web of Science, Education Research Complete (via EBSCO),
and ScienceDirect, which are considered among the most enriched and popular academic
databases [53]. The keywords checked on the title/abstract/keywords included the terms
“citizen science”, “open science”, “public science”, “participatory science”, “civic science”,
and “community science” in combination with the terms “nature”, “ecology”, and “en-
vironment” (e.g., “citizen science” AND “environment”, “civic science” AND “nature”),
leading to 18 combinations. This ensured that the retrieved results would be mostly re-
stricted in the context of nature-, ecology-, and environment-related CS initiatives. After
performing all possible combinations, a total of 3155 papers were retrieved.

For the second step (screening), these records were screened and both internal du-
plicates within each database, and duplicates between the four databases were removed,
resulting in a total of 1702 records.

For the third step (eligibility), the remaining records were filtered, to identify their
eligibility, according to their Research scope; the study should report on the design, imple-
mentation, and/or management of at least one nature or environmental-based CS initiative.
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Getting more in-depth, as part of this process the title/abstract/keywords of studies were
evaluated using the following color coding: (a) Green-tagging, for highly usable studies
aligned with the criteria posed, (b) Red-tagging for studies outside the review scope, not
aligned with the criteria posed, and (c) Orange-tagging for studies of potential utility, given
that these studies seemed quite relevant to the scope of this review, but it was not absolutely
clear whether all the inclusion criteria were met. In this latter case, full text versions of
the studies were also obtained, read, and colored as green or red. Overall, the first part
of this eligibility procedure resulted in the selection of 1160 green-tagged studies. The
selected publications were further evaluated according to their research focus and research
methods. More specifically, a filtering was performed to ensure that the CS initiatives were
explicitly related to the aspects of participation (research focus), as these were outlined in the
introduction of the study. For this filtering, a second group of 10 relevant keywords was
deployed to search within the title/abstract/keywords of the retained papers, as follows:
“participation”, “engagement”, “involvement”, “inclusion”, “benefit”, “goal”, “barrier”,
“motive”, “motivation”, and “obstacle”. This filtering process resulted into 450 journal
articles.

Finally, the filtering process was concluded with the thorough study of the 450 articles,
and their separation based on their research methods into: (i) empirical papers, reporting
on one CS initiative with a focus on participation, and providing primary data derived
from quantitative, qualitative, or mixed designs, (ii) review papers, and (iii) theoreti-
cal/conceptual papers, which did not include any empirical data. This latter filtering led
to exclusion of any theoretical/conceptual and review papers lacking any empirical data.
Therefore, we concluded with one hundred and nineteen empirical articles (N = 119), hence
119 CS initiatives, which were fully analysed in order to extract all relevant information
related to the research questions posed.

2.2. Data Analysis

The 119 retrieved empirical studies were analyzed by using a semi-structured checklist
including a matrix of CS participation-related typologies, aligned with the four research
questions guiding this study.

The first matrix of typologies consisted of various exclusion and inclusion demographic
factors, aimed to capture relevant information for the demographic make-up of participants
in the reviewed CS initiatives (e.g., gender, age, educational level). In addition, this matrix
of typologies also included general demographic characteristics in relation to CS initiatives,
such as the geographical scale and region of each CS initiative, as well as the initiatives’
coordinator.

The second matrix of typologies was related to the CS models and practices which may
define and affect citizens’ participation. Relevant information such as the overarching
aims of the CS initiatives as well as their goals in relation to science learning [54] were
captured. This matrix of typologies also included information related to the data collection
process (e.g., level and modes of data collection, frequency, and duration of data collection)
as well as the forms, activities, and types of citizens’ contributions in CS initiatives. In
addition, typologies addressing the modes and topics of communication with and among
participants in CS initiatives were included.

The third matrix of typologies was related to the facilitators and constraints of citizen’s
participation in CS initiatives. With this matrix we aimed at collecting relevant information
regarding the factors which may act as facilitators for participation in CS initiatives such
as the citizens’ benefits and motives, as well as the citizens’ goals guiding their active
involvement in CS initiatives. On the other hand, with this matrix we also aimed at
collecting relevant information regarding the factors which may act as barriers for citizens’
participation in CS initiatives.

The fourth matrix of typologies was related to environmental citizenship, as it aimed
to capture information regarding the potentials of current CS initiatives to support forms
of participation fostering environmental citizenship. More specifically, with this matrix
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we aimed at collecting information regarding the dimensions (individual and collective)
spheres (private and public), and scales (local, national, global) of the actions promoted by
the CS initiatives towards environmental citizenship, but also regarding the outcomes of
environmental citizenship.

Further data analysis was performed over the retrieved results to shed light on the
participation-related aspects of the CS initiatives, falling into the four aforementioned
matrix of typologies. Specifically, for each typology, the Relative Frequency (RF, %) was
estimated by using the following Equation (1) [55]:

Relative Frequency (%) = (A/B) × 100 (1)

where A is equal to the exact number of appearances of a specific option of each typology
(known as absolute frequency), and B is equal to the total number of appearances of all
the options of each typology (N). For instance, for the initiatives’ coordinator typology in CS
initiatives (see the first matrix of typologies), the option “Academic institution” was found
in 33 articles. Considering that “NGO” (11 articles), and “Governmental organization”
(8 article) options were also observed, the number (N) of appearances of the initiatives’
coordinator typology was raised to 52. Thus, the relative frequency of Academic institution
within the initiatives’ coordinator typology, estimated via Equation (1), is RF (%) = (33/52)
× 100 = 63%. All the percentages from now on in this paper use the above-mentioned
relative frequency to draw a clear picture on how each typology was reflected in the
reviewed studies, without weighting on who proposes the statements coded, or how many
participants there were. In addition, the total number of appearances (N) for each typology
is reported in figures’ captions. It is noteworthy to mention at this point that the whole
procedure was screened and confirmed by two reviewers of the current study. To increase
inter-rater reliability, any differences among the two reviewers were further discussed and
resolved by all five authors.

3. Results
3.1. Exclusion and Inclusion Demographic Factors

Demographic data can be treated as descriptive statistics of the participants in the
reviewed CS initiatives. However, at the same time, demographic data can provide a
valuable resource of important information regarding the inclusion/exclusion factors
affecting public participation in a CS initiative. As it can be seen in Figure 2a, most of the
participants were adults (71%); however, 29% of CS initiatives were using participants
under the age of 18 (U18). In line with our findings, as also reported during the evaluation
of a long-term CS initiative which took place in Northern Spain (MONITO) “ . . . ages
range between 23 and 77 years old” [56] (p. 394). As shown in Figure 2b, there were no
issues preventing participants from contributing to a CS initiative due to their gender,
as both males and females were found to participate in the vast majority (97%) of CS
initiatives. For example, a questionnaire developed to retrieve information regarding
the motivations and scientific attitudes from past participants of the Manitoba Nocturnal
Owl Survey revealed that “Respondents were fairly evenly split by gender” [57] (para. 15).
The educational level of citizens participating in CS initiatives (see Figure 2c) seems to
clearly illustrate that most of the participants had, at least, high school diploma (22%) and
were educated with a bachelor’s degree (21%). Nevertheless, there is also a measurable
number of postgraduate MSc or PhD holders (27%), as opposed to middle school and
primary education participants (17%). The latter trend is in line with the results presented
in Figure 2a regarding the age of citizens participating in a CS initiative. In other words,
based on our results, 61% of the participants, were at least college degree holders. In line
with our findings, the Great Pollinator CS initiative which was based on survey outcomes,
reported that “More than three quarters had obtained a college degree” [58] (p. 42). Additionally,
based on demographic information from the Smoke Sense CS initiative, it is specifically
mentioned that “Participants of Smoke Sense during the pilot study were younger (30.2% age
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18–29; 25% age 30–39; 19.3% age 40–49; 18.9% age 50–64; and 6.5% age 65+), more educated
(71.6% had at least a college degree)” [59] (p. 447).
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Figure 2d,e and Figure 3 present additional general demographic characteristics of CS
initiatives, in terms of the geographical scale, the region, and the initiatives’ coordinator.
As shown in Figure 2d, most of the CS initiatives reported in the available literature, were
locally oriented (48%), with a measurable quantity taking also place at national level (39%).
On the other hand, only a few studies were expanded more broadly on the continental
and international level (6 and 7%, respectively). “Involving local communities in conservation
initiatives increases a community’s appreciation”, as clearly shown in an article exploited
during our literature review, related to a case study from the DeHoop Nature Preserve in
South Africa [60] (p. 1196). The coordination of CS initiatives was mostly (63%) undertaken
by academic institutions (Figure 2e). However, 37% of the CS initiatives, were also found
to be coordinated either from a non-governmental (NGO) or a governmental organisation.

American and European countries seemed to have a more leading role in CS initiatives
(38 and 36%, respectively), opposed to the Oceanian (15%), African (6%), and Asian
(5%) ones (see Figure 3). It is worth mentioning that CS initiatives identified in Russian
Federation, were situated in the European part of it (as far as the Ural mountains imaginary
line separation), rather than the Northern Asia part. However, for uniformity purposes,
all Russian Federation is shown within Europe. Similar trends were also observed in The
School of Ants Project, where the authors explicitly state that “Most visits were from people in
the United States (84.9%).” [61] (p. 4).
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3.2. CS Models and Practices

In order to study the components of CS models and practices in relation to public
participation, we initially analyzed the available information regarding the overarching
aims of the reviewed CS initiatives, as well as their science learning related goals (see
Figure 4). It can be clearly seen that “nature conservation” and “awareness” were among
the prioritized overarching aims of CS initiatives (~20% each category), with “education”
and “environmental management” to closely follow (16 and 14%, respectively). In contrast,
30% of CS initiatives reported that their overarching aim was to contribute to “social and
economic research”, and to provide data towards “actions” or “improving methods”.
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The studies identified in the literature referring to science learning related goals
were limited (N = 26). In particular, as it can be seen in Figure 4b, “understanding of
scientific content and knowledge”, and “engaging in scientific practices”, were the main
science related learning goals of CS initiatives (21% each category) followed by “reflecting
on science” (19%), “engaging in scientific reasoning” (18%), and “sparking excitement
towards science learning”. For instance, in a very recent publication reviewed in our study,
regarding a contributory CS initiative named Helsinki Urban Rat Project, the following
statement is remarkable: “The students described multiple ways that participation led to an
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increase in their interest and resulted in diverse learning outcomes . . . as a way of increasing
personal interest in science” [62] (p. 333).

Our review also highlights the data collection processes within the CS initiatives
focusing on the level, frequency, and duration of the data collection process outlined in
each CS initiative. In addition, we aimed into identifying the modes of engagement and for
how long citizens were engaged in CS initiatives.

Specifically, as illustrated in Figure 5a, the majority (58%) of the CS initiatives involved
a single person as the data collector. Additionally, there was also a plethora of CS initiatives
using small groups of citizens (33%). On the other hand, only a limited number of CS
initiatives preferred pairs of citizens (8%), with almost zero initiatives to pursue entire
communities as data collectors (1%). One of the major forms of citizens’ participation,
with reports in more than 87% of CS initiatives, is that of volunteering (see Figure 5b),
as individuals had the chance to join, retain, or leave a project at any time without any
consequences. However, there was also a small number of CS initiatives (11%) supporting
citizens’ participation through compensation, which was at least preferable to the pay-to-
participate (2%) form of citizens’ contribution. Additionally, 74% of CS initiatives reported
that citizens were reporting multiple entries over an extended time period (Figure 5c), as
opposed to the one-time only reports (26%). Regarding the modes of engagement shown
in Figure 5e, 80% of CS initiatives reported that citizens were engaged only with data
rather than actively engaged (20%) by putting personal physical or intellectual effort. As
shown in Figure 5f, participants in 70% of CS initiatives were contributing, for the purposes
of the project, from 1–10 h in total (minimum duration), however some initiatives (22%)
required maximum duration (> 24 h) and few of them (8%) reported that the contribution
from citizens was in the range of 11–24 h (medium duration). On a recent publication for
the evaluation of CrowdHydrology CS project, included in our review, it was stated that
“One-time participants are helpful and may be all that are needed in the case of monitoring a specific
event in real-time. However, for developing historical trends at a site for monitoring long-term
change, requires transitioning one-time participants into champions.” [63] (p. 6).

Another important finding from our literature review relates to the citizens’ activities,
and types of citizens’ contributions in CS initiatives. Conducting and monitoring observa-
tion along with the collection and submission of data were the primary citizens’ activities
(~35% each category), reported in the reviewed CS initiatives (see Figure 5g). However, a
limited number of CS initiatives indicated that citizens’ activities were also related to the
receiving of training (14%). It is noteworthy that only few CS initiatives reported citizens’
activities related to the advice on the analysis or the design of the study or protocol (<5%).
The latter results are also in very good agreement with the types of citizen contributions in
CS initiatives, as presented in Figure 5d, as the majority of the reviewed initiatives tended
to include contributory (46%) and contractual (36%) involvement from citizens, rather than
collaborative, collegial, or co-created type of contribution (<20%).

Figure 6 illustrates the internal and external communication with and among partici-
pants. The modes of communication, as shown in Figure 6a, were primarily performed
via web-based platforms (40%), and to a lesser extent through in-person meetings (17%).
However, some CS initiatives preferentially chose the use of written information, social
media, graphical display, telephone, and regular newsletter, as the way of communication
with and among participants. The topics which participants were communicating with
each other included mostly the initiative’s data (31%), or aspects related to training and
recruiting (21 and 15%, respectively), rather than the discussion of results, actions, or social-
izing between them (see Figure 6b). For example, as reported for the purposes of the Great
Pollinator Project, in a recent article exploited during our review, “Throughout the season,
project coordinators stayed in touch with volunteers via email and blog posts to encourage data
submission and highlight seasonal observations” [58] (p. 41). It is important to note that most of
the CS initiatives were using digital technologies as the primary source of communication,
either for controlling data quality or improving data collection, or as a way to motivate
volunteers and engage broad audiences.
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3.3. Facilitators and Constraints of Citizens’ Participation

Concrete results revealed trends on important aspects defining citizens’ participation
in CS initiatives, related to various facilitators (e.g., citizens’ goals, benefits, motivations),
and constraints (e.g., extensive time requirements, limited funding sources). To start with,
citizens’ benefits were operationalized as a significant facilitator enhancing the public
participation in CS initiatives. As a general statement, we identified that CS initiatives were
aiming to benefit the participants, but also to contribute to the development of science as
well as to the preservation of socio-ecological systems. More specifically, Table 1 clearly
illustrates that citizens provided emphasis on educational (34%) and interpersonal/social
benefits (29%), rather than targeting on their emotional/physical/personal development
or other hobby-related benefits (~5–15% in each category). Aligned with these findings,
one of the reviewed studies reporting on the Project FeederWatch, highlighted that “The
main benefit many interviewees (N = 60) perceive . . . include personal benefits (such as enjoying
the experience or finding it relaxing), experiencing nature, and sharing the experience with others
(i.e., social interactions).” [64] (p. 302).

On a different note, as shown in Table 1, the main motivation underlying citizen par-
ticipation in nature-based/environmental CS initiatives, was the personal, psychological,
and physiological enhancement (18%), along with the desire of participants to contribute
to the environment (16%), followed by the social support (16%), the educational (12%),
and understanding (11%) motives. The least reported motivations included fun, and other
protection and value-related motives (<10% in each category).

The main goals mentioned by most of the participants were to contribute to science
(23%), connect with nature (21%), and achieve stewardship of the natural world (20%),
with learning goals (21%) being an integral part, as opposed to any physical goal from
their participation in a CS initiative (<10%). A questionnaire created to evaluate Sea Search
members’ motivations, benefits, and goals, exploited during our review, reports for instance
on the following outcomes [65] (p. 450): (i) “Sea Search volunteers agreed that they feel good
emotionally and mentally during an activity” (ii) “Sea Search volunteers also agreed that being in
the marine environment during an activity is peaceful and gives a sense of calm” (iii) “Volunteers
enjoy being part of the Sea Search group and socializing with other volunteers during the monitoring
activity”.
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Table 1. Relative frequencies and indicative statements for the typologies of “Benefits”, “Motivations”, “Goals” and “Constraints” of citizens in CS initiatives.

Typology Relative Frequency (%) Indicative Statements
Benefits of Citizens in CS initiatives 88 articles (100%)

Educational Learning gains 34% “There is certainly benefit to be gained (and earned) by all parties if built collaboratively through mutual sharing, dialogue,
understanding, learning and collaboration” [66] (p. 7).

Interpersonal and Social 29% “Managing the relationships with citizen scientists so that the interactions between them and the researchers are mutually
beneficial is vital for future success.” [67] (p. 67).

Emotional development 14% “Volunteers responded that their participation in Sea Search activities made them feel good emotionally and mentally” [65]
(p. 447).

Personally meaningful 10% “First, potential volunteers are passionate about the marine environment, which holds special meaning and importance in
their lives.” [68] (p. 688).

Hobby 6% “Interpersonal interactions and contributions to a conservation project were each described by 22% of respondents, followed
by general enjoyment or “fun” (17%)” [57] (p. 5).

Physical development 5% “The findings of this study suggest that in recreational forests, visitors experience beneficial mental effects such as stress
reduction in addition to physical exercise.” [69] (p. 1).

Financial benefits 1% “Lion Guardians has given us the opportunity to gain formal, gainful employment” [70] (p. 473).

Satisfying curiosity 1% “The teachers reported that eMammal engaged their students and provoked their curiosity and that the students were more
willing to participate in eMammal than in other classroom activities.” [71] (p. 76).

Motivation of Citizens in CS initiatives 57 articles
(100%)

Personal, Psychological, Physiological
enhancement 18% “ . . . most respondents (72%) selected “personal reasons” to describe their original motivation.” [57] (p. 5).

Environmental motives 16% “The most consistently high-ranking motivations are the opportunity to contribute to nature conservation” [72] (p. 5).

Social support 16%
“Social bonding is also an important component of place attachment, and we found evidence that engagement with
community was both a strong motivator for participation in the project as well as a key outcome of the experience” [51] (p.
5).

Educational motives 12% “( . . . enrollment in a scientific program and potential for increasing knowledge are common motivations)” [73] (p. 399).
Understanding motives 11% “..the two strongest motivations underpinning participation, . . . are ‘Values’ and ‘Understanding’.” [74] (p. 1).
Value motives 8% “ . . . contribution to citizen values and well-being” [75] (p. 185).

Protective motives 7% “Our literature review highlighted several important motivations for participating in nature-related citizen science,
including [ . . . ] helping the environment, and connecting with nature and place.” [76] (p. 2832).

Fun 4% “Among the most important factors for participating in the program were great opportunity to learn about STEM, new
experiences, and topics that sounded interesting and fun.” [77] (p. 7).

Curiosity 3% “This study found that some individuals on Bonaire and Curaçao were collecting data independently, this is, out of personal
curiosity and for their own use.” [78] (p. 121).

Economic motives 3% “According to these preliminary data, Saba’s fisheries have a proportionally higher economic importance than fisheries in the
other two islands.” [78] (p. 118).

Career motives 1% “Younger volunteers rated the “career” motivation much higher than the other age groups” [79] (p. 8)
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Table 1. Cont.

Typology Relative Frequency (%) Indicative Statements
Teaching 1% “ . . . desire to teach others about bees or citizen science” [58] (p. 42).
Competition N/A -

Goals of Citizens in CS initiatives 44 articles
(100%)

Contribute to science 23% “Wanting to ‘contribute towards research efforts’ was the most frequently mentioned theme” [74] (p. 4).
Connect with nature 21% “wanting to work close to nature” [80] (p. 116).
Learning goals 21% “I need to learn more about small bird ID, this will help me” [64] (p. 299).

Contribute to stewardship of the natural world 20% “This was often spoke of in terms of wanting to engage more closely with the waterfront and to bring others into processes of
environmental stewardship.” [51] (p. 5).

Educate others 9% “A total of 98% (n = 306) of active COASST participants surveyed self-reported communicating to others about the
program . . . ” [81] (p. 483).

Physical exercise 3% “The citizen scientists then leveraged their findings to advocate with local decision-makers for specific community
improvements to promote physical activity.” [82] (p. 1).

Relaxation 3% “Private users usually observe nesting online for relaxation, and they may also participate directly in analysing the videos.”
[83] (p. 5).

Constraints of Citizens Participation in CS
initiatives

38 articles
(100%)

Design and other implementation issues 31% “The present study didn’t evaluate the long-term effectiveness of the participation in the monitoring program, since the
post-questionnaire was filled in during the last day of the volunteers’ holiday.” [84] (p. 12).

Time consuming 15% “In general, personal costs in terms of time, energy (i.e., effort) and financial resources to be spent were seen as an obstacle”
[78] (p. 124).

Biases 15% “ . . . .a small number expressed concerns about targeting of marine species by others” [85] (p. 1).
Lack of recognition of citizens’ contributions 9% “The most common aspect was a lack of reward:” [62] (p. 330).

Specialist equipment and knowledge 8% “Limitations of our system include . . . different orientations of the badge and camera to the lighting source while capturing
an image for calculation.” [86] (p. 577).

Funding 7% “ . . . this was partly due to lack of funding” [87] (p. 163).
Lack of scientific expertise 6% “ . . . nearly a quarter cited a need for more training and general difficulty in following the protocol” [58] (p. 43).
Lack of best practices 5% “The present study didn’t evaluate the long-term effectiveness of the participation in the monitoring program” [84] (p. 12).
Technological difficulties 2% “That is, the most frequently mentioned potential barriers were considered to be the technical design” [85] (p. 9).
Limited communication between participants 2% “ . . . provides limited communications between scientists and volunteers.” [63] (p. 4).
Institutional politics N/A -
Disabilities/Special educational needs N/A -
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On the other hand, as part of this review study, we aimed to shed light on the barriers
affecting citizen participation in a CS initiative. In this context, during the decoding of
the reviewed studies referring to the constraints of citizen participation in CS initiatives
(Table 1), it is clear to see that the design and other implementation issues (31%), along with
time limitations (15%), were among the major barriers in CS initiatives. In addition, biases
related to data validity (15%) and lack of recognition (9%), the use of specialist equipment
and knowledge (8%), and lack of funding (7%) were also reported, as opposed to the least
significant constraints (<6%) which relate to the scientific expertise and the use of best
practices by the CS initiatives. On this matter, as also highlighted in a recent study included
in this review, for the purpose of the FeederWatch CS initiative, “The fee may be a barrier for
some potential participants. While many interviewees admitted the amount is not substantial, some
were surprised a fee is charged at all.”, “Time is the leading barrier to interviewees’ involvement [64]
(p. 304).

3.4. Environmental Citizenship in Citizen Science Initiatives

An emerging question in our study is whether CS initiatives can endorse forms of
participation which can support and promote environmental citizenship. An overview of
the dimensions, scales and spheres of the environmental actions reported in the reviewed
CS initiatives is shown in Figure 7. During our systematic literature review, it was found
that most of the CS initiatives targeted the “individual” (66%) over the “collective” (34%)
actions of environmental citizenship. In addition, these environmental actions primarily
took place on the “local” scale (63%) and to a lesser extent on the “national” and “global”
scale (28 and 9%, respectively). The actions of environmental citizenship reported in the CS
initiatives were mostly included in the “private” sphere (70%) rather than in the “public”
sphere (30%). A relevant work exploited for the purposes of our review, related to a survey
and an interview of participants in the COASST citizen science project, precisely states: “
. . . conservation literate citizens develop a schema to prioritize impacts to their local environment,
which allows them to move from a nonspecific sense of fear about environmental degradation to
a sense of which action or actions are practicable and efficacious. Such a schema might be based
on the greatest impacts at a larger scale (regional and global), the greatest impacts at the local
scale, or impacts the individual has some ability to combat.” [81] (p. 485). The promotion of
Environmental Citizenship outcomes are also identified and presented in Figure 7, where
(i) developing healthy relationship with nature (40%), (ii) solve environmental problems
(31%), and (iii) prevent new environmental problems (24%) were the top three outcomes
reported in the reviewed CS initiatives.
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4. Discussion

CS initiatives, and especially environmental and nature-based ones, have become an
established scientific practice in recent decades. They can serve as a springboard towards
the increase of citizens’ participation in scientific processes, and the democratization of
science, while also contributing to a broader, more inclusive, and more active socio-political
participation of citizens. In this context, this study presents a systematic review of the
available empirical research on citizens’ participation in environmental and nature-based
CS. More specifically, the participatory aspects of a total of 119 CS initiatives were analysed
on the basis of four research questions set, to shed light on: (a) exclusion and inclusion
demographic factors, (b) CS models and practices defining citizens’ participation, (c) facili-
tators and constraints of citizen’s participation, and (d) participation forms contributing
to environmental citizenship. What follows is the discussion of our findings per research
question, guiding this review study.

4.1. Exclusion and Inclusion Demographic Factors
4.1.1. Highly Educated Younger Adults and U18 People without Gender Limitations

At first, we sought to examine the demographic make-up of citizens participating
in CS initiatives, as this could lead to potential inclusion and exclusion factors. During
our systematic literature review, we did not find any limitations in terms of gender, as
both males and females were able to participate in CS initiatives. However, based on the
available literature, there are cases of gender inequalities within CS initiatives. For example,
in two ornithology CS initiatives operated in the UK, which were studied by Edwards
et al. (2018), 83% of respondents were male [88]. This shows the need for more “inclusive”
approaches which would be of benefit for CS initiatives, avoiding any discrimination and
inequality. In addition, according to the results of our review, most of the participants
were adults, and the number of initiatives where U18 people participated was three times
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lower. This finding underlines that environmental and nature-based CS initiatives, until
now, do not focus on school age participants to an extended degree. These results were also
discussed in other studies with similar findings [88]. However, as other recent studies have
argued, CS initiatives have great potential as an educational tool which can be used more
widely and in more depth for educational purposes as well as for school-age children [89].
The educational level of citizens participating in CS initiatives seems to also be a crucial
factor. In fact, and in line with Edwards et al.’s (2018) findings, where 67% of respondents
hold a university degree, our findings also provided empirical substantiation that educated
people (>80% with at least higher school diploma) mostly participated in CS initiatives.
Our demographic findings are also in agreement with the findings derived from a survey
contacted by the PEW Research Centre in the USA [90], where younger, more educated
U.S. adults were more likely to participate in CS initiatives. In addition, in an evaluation of
the educational impact of CS project conducted by the Cornell Lab of Ornithology, it was
revealed that the age of seed preference is in the range of our findings, where participants
tended to be older and well educated than the general population, with an interest in
science [91]. Overall, it seems that the results of this review confirm the trend that nature-
based and environmental CS initiatives were dominated by “elite” highly educated groups
of people [6]. This fact refers to cultural hegemony of the well-educated academically
skilled proportion of the population [92].

4.1.2. EU and American Domination of Mainly Local Scale CS Initiatives

The CS initiatives reported in the majority of the reviewed articles appeared to be
local and national based. However, it is of importance to cover a greater geographical
scale via the formation of continental and international CS initiatives, in order to reduce
discrimination and in parallel to increase uniformity at the environmental level [93]. This
geographic imbalance was raised by the fact that most of the CS initiatives were applied in
America and Europe, with very few initiatives taking place in Oceania, Africa, and Asia.
As described in the literature [29,43,94], and also as found during our systematic literature
review, the geographic discrepancy on citizens’ participation might be attributed to the
lack of national funding and other continental constraints, including but not limited to
demographic and socio-political factors [95]. In the same line, participants originated from
certain ethnic, racial, and socio-economic groups, which are historically underrepresented,
are less likely to contribute in CS initiatives [96]. For instance, in a study with more than
300 biodiversity CS initiatives examined, the participants were white (88.6%), while 6.1%
were Hispanic and 4.6% were Asian [97,98]. Thus, a possible explanation, given once
again in the literature, indicates that this discrimination might be due either to lack of
funding or due to limited impact that citizens have on decision- and policy-making on
these geographic regions and continents [99]. This is not the case in Europe and the US,
as key players with a central role in the field of CS, dedicating funding for research and
development of CS initiatives as well as for capacity building activities.

4.1.3. Academic Driven CS Initiatives

During our review study, we identified that most of the nature and environment-based
CS initiatives were coordinated by academic institutions, followed by NGOs and to a lesser
extent by governmental organisations, with most of the funding derived by the latter two
organisations. This is important, especially after considering that national governments are
the ideal level to promote public awareness and decision-making, not only within nations
but also on a broader dimension [43]. In addition, the fact that academic driven initiatives
are leading to more publications, in comparison to the NGOs-coordinated ones, is that the
latter might not have the time or motivation to write scientific articles about their initiatives.
Even though CS initiatives are mostly grounded on a volunteer base, the financial support
is still very important during all the stages of the initiative (pre- and post- related activities,
such as data collection, data control, training, dissemination, etc.). Therefore, in order
to achieve sustainability and enhancement of scientific and societal learning, co-funding
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(among different sources or countries) should be considered imperative [29,100]. As the
National Research Council (NRC) of the US states in the “Ecological for the nation” book,
in order to achieve long-term sustainability of a CS initiative, multiple funding sources are
needed, especially derived from universities and NGOs [101].

4.2. Emerging Models and Practices of CS Initiatives
4.2.1. Nature Conservation and Awareness Prioritization towards Scientific Content and
Knowledge

In order to effectively design CS initiatives and to establish an engagement framework,
it is important to track all the current and emerging models and practices along with the
forms of participation. Most of the CS initiatives studied had as overarching aims nature
conservation, awareness, education, and environmental management, on the local scale.
The gravity of each of the above-mentioned overarching aims was also drawn in the
Word Cloud by Cunha et al. (2017), where conservation, education, and environmental
management were of high priority and mostly reported in the peer-reviewed papers
analysed by the authors [43]. Additionally, during our systematic literature review we
were able to identify few science learning related goals within the CS initiatives, which
were aiming towards understanding the scientific content and knowledge and engaging
citizens in scientific practices. In these few cases, science learning promoted scientific
literacy in a way that citizens acquire knowledge, understanding the nature of science and
raising awareness, as previously raised by various research groups [102,103].

4.2.2. Participation as Individuals Acting as Data Collectors in the Long-Term

Data collection, mostly derived from citizens, is an important aspect for a CS initiative,
as it can affect its data quality and reputation [104,105]. Based on our findings, the majority
of CS initiatives used single persons or small groups of citizens for the collection of data,
multiple times, over an extended time period. This finding has also emerged in the
review studies of other research groups, which focused on different research scopes and
contexts [43]. It can be understood that these findings also fit very well with the forms of
citizens’ participation (i.e., volunteers), the duration of engagement (minimum, 1–10 h)
as well as with the main constraints reported (time consuming process), as according to
Bloom and Crowder (2020), citizens prefer to manage their time and their participation in
the CS initiatives according to their schedule with the least possible commitment [106]. On
the other hand, as well reported in the literature, contributions are primarily driven by
those who return for multiple days, increasing in that way the quality and quantity of data
collection, and its impact towards CS outcome expectations [107].

4.2.3. Citizens in Volunteering form Following the Contributory Model of Participation

Our findings regarding the forms of citizens’ participation, reveal that citizens were
mostly involved on a volunteering basis and were engaged only with data, rather than
actively engaged with all the stages of the process underlying the CS initiative. Additionally,
most of the reviewed CS initiatives were contributory, and to a lesser degree contractual
and collaborative, with no reports on co-created and collegial ones. The latter trend
is in agreement with citizens’ views on what can hold them off into participating in a
CS initiative, as collaborative initiatives are by definition designed by scientists with
citizens to contribute mostly on data gathering, data analysis, and dissemination of results,
as will be discussed in the following section [2]. These results are in line with other
relevant studies [7]. More specifically, there are various studies reporting that citizens were
involved only in data collection, rather than data analysis and interpretation, which was
performed by professional scientists [61]. The active engagement of citizens throughout
the whole duration of the CS initiative, including decision making and management of the
CS initiative, it is a relatively recent trend and becomes mandatory in order to increase the
impact of CS and decrease the discrimination factors affecting citizens’ participation, thus
leading to more inclusive and democratic science procedures [2,108].
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4.2.4. Digitalisation as the Media of Communication

The use of digital technologies is considered crucial nowadays, as it (i) can engage non-
traditional audiences, (ii) stand for communication purposes with and among participants,
and thus (iii) have a direct impact on the participatory aspects of CS initiatives [109]. Based
on our review, various modes and topics of communications were identified, while the use
of digital technologies seemed to improve the control and quality of the data collection.
At the same time, according to our findings, digital technologies seemed to motivate
citizens, thus contributing to the engagement of broader audiences. Web-based platforms
and in-person meetings emerged as the primary means to support the communication of
the CS initiatives’ participants on aspects such as data collection, training, and recruiting,
replacing the more traditional communication venues such as the regular newsletter and the
telephone. In addition, previous studies showed that communication among participants is
considered one of the main motivational aspects for the continuation of a CS initiative [110].
Therefore, emerging technologies constitute an ideal choice towards the promotion of a CS
initiative as well as towards speeding decision-making [111]. For this reason, emerging
technologies are well explored in the recent literature for their influence on data collection,
management, control, and communication in CS initiatives [112–115].

4.3. Facilitators and Constraints of Citizens’ Participation
4.3.1. Citizens Are Motivated by Learning Gains along with Interpersonal and Social Benefits

The majority of the reviewed articles reported that citizens had mainly educational,
interpersonal, and social benefits, instead of physical development or hobby and entertain-
ment benefits. These results are in line with the existing literature, in which it is repeatedly
reported that it is vital to identify facilitators (motivations, benefits, goals) affecting citizens’
participation in CS initiatives [116–119]. According to our results, the primary motives
underlying public participation in a CS initiative were the citizens’ personal enhancement,
as well as environmental and social support. The citizens were motivated towards partici-
pating in a CS initiative for their personal development, but also for learning more about
various environmental issues as well as for being socialised. It is worth mentioning that
our findings are in agreement with the literature [120–122]. For example, McDougle et al.
(2011) reported that young adults were motivated to volunteer for social reasons [123]. Our
results are in accordance with other studies which showed that face-to-face interactions,
the level of personal investment and motivations to socialise can positively influence the
level of participation in a CS initiative [124,125]. The specific interest in a particular scien-
tific topic could be also an important motivation for public participation in CS initiatives.
For example, an intrinsic interest in birds can attract participants in bird monitoring CS
initiatives [126].

4.3.2. Contribute to Science and Connecting with Nature as Citizens’ Primary Goals

Considering citizens’ goals for participation, most reviewed studies reported that
citizens were aiming to contribute to science, connect with nature and take actions towards
the stewardship of the natural world, along with the personal learning gains. As recently
reported in a book chapter titled “Citizen Science: Connecting to Nature Through Net-
works”, and in-line to our findings, the main goals of participants in CS initiatives were to
contribute to science research and connect with nature [127]. Therein, a framework was set
in order to promote partnership between participants and to endorse participation based
on citizens’ personal interests and goals. Complementarily, in an interesting CS initiative
(Connect with Nature programme) designed and implemented by the Emirates Nature-WWF,
2020, the stakeholders were particularly aiming towards connecting United Arab Emirates
residents with nature, thus promoting active participation and contribution to science.

4.3.3. Constraints Arising from the Design to the Implementation of CS Initiatives

Citizen Science, nowadays, is widely used in academia as method of retrieving re-
search data from the crowd, and thus various limitations and biases should be targeted
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and controlled [121]. Additionally, as the case studies published in the available literature
referred to successful CS initiatives which were mostly beneficial for the participants, there
is still limited understanding of the barriers leading participants not to participate or abort
from the initiative. Based on our findings, the highest constraints of citizens’ participation
in CS initiatives were attributed to the design/implementation issues as well as the fact
that the initiatives required significant time spent from the participants, leading them in
this way to aversion. Similar trends were observed in a recent crowdsourcing systematic
review report published by Strang and Simmons (2018), where interviewees pointed to the
importance of having clear instructions, consistency on the feedback from the initiative
coordinators, and meeting the time frames set during the design of the initiative. However,
in the same study, only 20% of the participants completed the initiative, with the rest
aborting it at various stages [34]. Thus, inadequate design and implementation of a CS
initiative, by compromising funding sources and the time requirements, could potentially
lead participants not to be satisfied from the initiative. In this way, data quality might be
impacted [128,129]. On the other hand, careful design and implementation of CS initia-
tives could be the opportunity to contribute to the active engagement of environmentally
concerned citizens [130].

4.4. Citizen Participation in Citizen Science for Environmental Citizenship

The degree of inclusiveness, the depth of democracy and participation, the issues of
equality as well as the issues of intra- and inter-generational justice in CS initiatives are of
particular importance for the promotion of environmental citizenship [49]. Based on the
results of this literature review, CS initiatives related to environmental and nature-based
issues mainly promote efforts to develop a healthy relationship with nature, as well as to
solve existing or prevent new environmental problems (e.g., biodiversity loss, air pollution,
etc.). However, their focus on environmental citizenship as well as their attempt to fostering
a deep civic participation and active engagement with society could be further integrated.
In addition, their contribution to the suppression of the structural causes of environmental
problems, but also to the promotion of intra- and inter-generational justice, is almost absent.
Focusing on the level of environmental citizenship actions, the reviewed CS initiatives deal
mainly with environmental citizenship actions lying at the individual dimension, while
ignoring collective actions as well as actions in the public sphere. Based on our results, we
recognize that, in many cases, CS initiatives contribute to a local connection with local civic
actions (place-based approach) or sometimes to national actions, but there are only few CS
initiatives promoting environmental citizenship actions on the global scale.

5. Limitations of the Study

Although we aimed at providing a comprehensive systematic literature review, in
order to contribute to the improvement of future nature-based and environmental CS
initiatives and to conceptualize the whole spectrum affecting participation in CS initiatives,
some limitations should not be overlooked. The use of search engines for retrieving scien-
tific articles by filtering the available literature with specific keywords has risks, and should
be treated carefully in order to draw valid conclusions [32]. In addition, our approach
resulted in the review of academic articles in English language within the last two decades
(2000–2020), without covering other languages. This approach led us to retrieve articles
from various areas with newly established scientific data mostly from academia [131,132].
However, the filtering of studies according to time of publication and English language
might lead to chronological and geographic discriminations, respectively [133].

6. Conclusions, Implications and Future Research

There has been an increase of interest in the design and implementation of nature
and environmental-based CS initiatives in the last two decades. However, there is still a
lack of understanding of important aspects in relation to citizens’ participation. Due to
the multifaceted complexity of CS, participants have to converge their views and needs,
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understand each other, and thus jointly and actively support the establishment of such
inclusive and participatory CS initiatives which can act as a venue of citizen empowerment
towards environmental citizenship.

Based on our findings, nature and environmental-based CS initiatives applied in the
last two decades present several weaknesses, and it seems that future endeavours in the
field should take into consideration various aspects affecting citizen participation. Notably,
since most of the prior research has not attempted to review, synthesize, and compare
projects and best practices focusing on the concept of participation, many of our outcomes
could be treated as unique, to the best of our knowledge.

Focusing on the inclusion and exclusion demographic factors, CS initiatives aiming to
cover greater geographical scale should target on a more continental and global scale. In
this way it will be possible to engage more Oceanian, African, and Asian populations, thus
limiting any geographic discriminations. Demographic trends also revealed the necessity
to engage more U18 citizens, and in the cases where CS initiatives aim towards education,
further adult participation, thereby forming a society educated from an early age. Particular
attention should also be given to more inclusive approaches, avoiding any discrimination
such as those of gender, educational level, and access in digital technology. Additionally,
it is noteworthy to be mentioned that it is important for CS initiatives to give voice to
underrepresented groups and societies, in groups with disabilities, and low skilled/low
achievers’ groups. The learning potential of CS initiatives is of great significance and
should be given more emphasis in future research studies, as it can allow scientists and
communities to have access to further insights, thus facilitating policy- and decision-
making. Strengthening the coordination and funding sources of CS initiatives is considered
of paramount importance. These decisions should not be only made by academic institutes
but also by NGOs and governmental organisations, as the latter two constitute an ideal
leverage for the promotion of public awareness, policy- and decision-making, though lag
on disseminating their findings in the form of scientific publications.

Considering the emerging models and practices of CS initiatives identified during our
systematic literature review, it seems that CS initiatives should direct their overarching
aims towards “actions” and “improving methods and tools” required for better data
management and quality. The latter highlights the importance of setting certain overarching
aims on a CS initiative, including but not limited to the nature conservation, awareness,
education, and environmental management. Additionally, considering the science learning
related goals of CS initiatives, these should be also designed in order to spark the excitement
of citizens, and along with scientific literacy and knowledge gains, to contribute to an
increase in their understanding of the nature of science. Therefore, future research can focus
on the needs of citizens and the design of models and practices, which can be valuable for
key stakeholder to design and implement CS initiatives. Such models and practices will
promote citizens’ activities in addition to “passive” data collection and submission.

Understanding the facilitators (e.g., benefits, motivations, goals) and the constraints of
participants in CS initiatives will advance the design and implementation of future research
in the field, while following important scientific practices. As shown in this review, citizens
reported that their primary benefits were to educate and socialise themselves. Thus, in
combination with the main motives identified during our review, we propose that future CS
initiatives should take into account the personal, psychological, and physiological aspects
of participation, as well as the citizens’ educational, and social expectations. Recognizing
citizens’ benefits and motivations will help CS initiatives efforts towards approaching
citizens’ goals such as the contribution to science, stewardship of the natural world, and
connection with nature. To reveal positive and negative impacts of CS initiatives, it is also
important first to overcome (at least) the main reported constraints related to the design
and implementation issues and to create CS initiatives with less time requirements.

Enhancement of democratization of CS initiatives is of particular importance. Broaden-
ing citizens’ participation through more participative and co-design models of participation
is crucial. Future CS initiatives should not target engage citizens only with data but with the
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whole process, thus achieving a long-term engagement. The latter might also be enhanced
by the appropriate design of models and practices of CS initiatives which primarily will
use not only single persons as volunteers, but also groups of citizens or communities, thus
creating a sustainable, pleasant, and productive environment. In addition, incorporating
socio-political and socio-cultural actions will help to promote awareness, nature conserva-
tion, and develop environmental citizenship with more focus on environmental citizenship
actions situated in the collective dimension, public sphere, as well as on the national and
global scale. Therefore, based on our findings, much more efforts should be made in order
to achieve a sustain contribution and engagement, which can eventually lead to more
aware citizens, participating actively (either physically and/or intellectually) throughout
the whole duration of the project.
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