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Plastic pollution is both a societal and environmental problem and citizen science
has shown to be a useful tool to engage both the public and professionals in
addressing it. However, knowledge on the educational and behavioral impacts
of citizen science projects focusing on marine litter remains limited. Our
preregistered study investigates the impact of the citizen science project Citizen
Observation of Local Litter in coastal ECosysTems (COLLECT) on the participants’
ocean literacy, pro-environmental intentions and attitudes, well-being, and
nature connectedness, using a pretest-posttest design. A total of 410 secondary
school students from seven countries, in Africa (Benin, Cabo Verde, Cote d'lvoire,
Ghana, Morocco, Nigeria) and Asia (Malaysia) were trained to sample plastics on
sandy beaches and to analyze their collection in the classroom. Non-parametric
statistical tests (n=239 matched participants) demonstrate that the COLLECT
project positively impacted ocean literacy (i.e., awareness and knowledge of
marine litter, self-reported litter-reducing behaviors, attitudes towards beach litter
removal). The COLLECT project also led to higher pro-environmental behavioral
intentions for students in Benin and Ghana (implying a positive spillover effect)
and higher well-being and nature connectedness for students in Benin. Results
are interpreted in consideration of a high baseline in awareness and attitudes
towards marine litter, a low internal consistency of pro-environmental attitudes,
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the cultural context of the participating countries, and the unique settings of
the project’s implementation. Our study highlights the benefits and challenges
of understanding how citizen science impacts the perceptions and behaviors
towards marine litter in youth from the respective regions.

plastic pollution, beach sampling, citizen science, ocean literacy, pro-environmental

intentions, well-being

1. Introduction

The accumulation of plastic litter in the environment, and its
impact on ecosystem services (e.g., fisheries, tourism, maritime
transportation) and human well-being is a concern of public interest.
Economic activities of local populations, such as fisheries or seafood
sales, can be affected indirectly by potential effects of litter on fish
stocks (e.g., due to ghost fishing gear) or by consumers perception of
shellfish as unsafe items for purchasing, due to the presence of
microplastics (Van Cauwenberghe and Janssen, 2014). Furthermore,
there is growing evidence that direct and/or indirect exposure to
coastal environments can benefit various aspects of well-being (e.g.,
social relationships, restoration from stress and attentional fatigue,
positive emotions; Hooyberg et al., 2020; White et al., 2020; Severin
et al., 2021b, 2022). However, the presence of marine litter can
negatively impact these benefits by reducing the coast’s restorative and
recreational qualities and inducing negative moods (Wyles et al., 2016;
De Veer et al., 2022). Marine litter can also disrupt the aesthetic
experience of the coast by diminishing its scenic quality (Rangel-
Buitrago et al., 2018), thereby reducing the chances of people spending
time in (littered) coasts (Tudor and Williams, 2006) and negatively
affecting the tourism industry (Williams et al., 2016; Krelling et al.,
2017). In terms of risks of marine litter on human health, a recent
report by the World Health Organization (WHO) concludes that
although the evidence remains insufficient, a reduction in exposure
would greatly benefit humans and the environment (World Health
Organization, 2022).

To tackle the problem of plastic pollution, action needs to be taken
at both collective and individual levels, and citizen science can be a
useful tool to engage both the general public and STEM (science,
technology, engineering, and mathematics) professionals. Global,
national and local authorities recognize the urgency to mitigate this
issue and various community initiatives frequently take place aiming
at protecting natural and recreational areas, such as beach “clean-up”
activities, where plastic items are manually collected (Jorgensen et al.,
2021). Examples of such beach clean-ups include the Ocean
Conservancy’s International Coastal Cleanup that engages volunteers
and organizations to remove debris from beaches and waterways
worldwide (Ocean Conservancy, 2022), and “Clean up the Med,” a
nationwide campaign of voluntary beach clean-ups in Greece
(Kordella et al., 2013). Citizen science goes a step beyond by actively
involving citizens in the scientific research process, which can promote
action by first, addressing data gaps in marine litter distribution and
abundance to develop effective mitigation measures, and second,
increasing public awareness of plastic pollution and encouraging
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individual action to reduce plastic littering (Thiel et al, 2011;
Hidalgo-Ruz and Thiel, 2013).

The individual level, with a focus on the citizen participation, is
however often neglected in the literature. Despite the growing
number of citizen science projects focused on plastic pollution
(Rambonnet et al., 2019), only a small percentage evaluate their
effectiveness in impacting awareness and sustainable action on their
participants (Severin et al., 2023). Including this evaluation is
nonetheless essential to understand each project’s benefits and
challenges presented to the public, thereby maximizing its full
potential to address plastic pollution on a local and global scale
(Kelly et al., 2022). Moreover, as stated in Pahl and Wyles (2017),
understanding the perceptions, decisions, and actions of humans is
a central ingredient in undertaking the issue of plastic pollution.
Additionally, there is a strong underrepresentation of African
countries within citizen science projects, accompanied with a lack
of socio-economic and socio-demographic diversity (Kawabe et al.,
2022; Severin et al., 2023). In this paper, we investigate the impact
of the Citizen Observation of Local Litter in coastal ECosysTems
(COLLECT)
pro-environmental intentions and attitudes, and well-being. Ocean

project on the participants ocean literacy,
literacy was conceptualized as awareness and knowledge of marine
plastic litter, self-reported litter-reducing behaviors, and attitudes

towards beach litter removal.

1.1. The COLLECT project

The COLLECT project (2021-2022) was a citizen science initiative
with the aim of obtaining data on the abundance and distribution of
coastal plastic litter in seven countries in North and West Africa
(Benin, Cabo Verde, Cote d’Ivoire, Ghana, Morocco, Nigeria) and
South-East Asia (Malaysia). The project consisted of training students
from secondary schools (11-18years old) in sampling and analyzing
macro-, meso- and microplastic in sandy beaches. Students went to
the beach during two different seasons (wet-autumn and dry-spring)
and sampled plastic following a standard operating procedure (SOP).
They then analyzed the samples in the classroom. Prior to the field
activities, the students were given an information session which
consisted of presenting the project and providing background
information on plastic pollution and guidelines for field sampling.
COLLECT’s methodology followed best practices of citizen science
initiatives on plastic litter assessments in aquatic areas (Rambonnet
et al., 2019; Barnardo and Ribbink, 2020; De Rijck et al., 2020). The
project was overseen by the Partnership for Global Ocean Observation
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(POGO),' a well-established network of oceanographic research
institutes that collaborate to promote and execute global ocean
observations via innovation, capacity building, outreach, and
advocacy (Miloslavich et al,, 2019; POGO, 2021). In each country, the
project was undertaken by local researchers who were affiliated within
member institutions of the POGO. More detailed information
regarding the full methodology of the project can be found in Catarino
etal. (2023).

1.2. Prevalence and impacts of litter in the
participating countries

Currently, littoral countries in Africa are leaders in the world’s
urbanization rates (Saghir and Santoro, 2018), and there are concerns
over a parallel drastic increase in the production and release of
municipal solid waste in these areas (Yoshida, 2018) potentially
accumulating on the coast (Ryan, 2020). In Africa, the total
mismanaged plastic waste in 2010 was estimated to be 4.4 million
metric tons, and is estimated to reach 10.5 million metric tons in 2025
(Jambeck et al., 2018). Strict policies on plastic imports and on the ban
on single-use plastic items have demonstrated efficiency in the
reduction of plastic consumption, such as in the case of Rwanda
(Babayemi et al., 2019), however the effectiveness of such measures
without a complete life-cycle approach is not yet clarified (The
Economist, 2019). For example, according to the LitterBase
(Bergmann et al., 2017),% marine litter data is scarce for most of the
coastal areas in Africa. The situation is similar in Malaysia, as it is one
of the leading countries regarding the generation of plastic waste as
well as the consumption of single-use plastics (Chen et al., 2021).
More than 0.94 million metric tons of mismanaged plastic waste is
generated per year, of which an estimated 0.14-0.37 million metric
tons consist of plastic marine debris (Jambeck et al,, 2015). Key
components constraining waste management include an inconsistent
application of policy initiatives and a lack of public awareness and
interest in household recycling (Chen et al., 2021). Marine litter data
also remains lacking in Malaysia (Fauziah et al., 2021). The project
COLLECT aimed to address this data gap and provide baseline data,
crucial to propose solutions and mitigation measures for the reduction
of coastal debris impacts in emerging economies and vulnerable
coastal communities.

According to a review by Arabi et al. (2023), there is limited
information regarding the social, economic, and health impacts of
marine litter in the participating countries, with most of the literature
focusing on South Africa. Arabi et al. (2023) demonstrate that the
presence of marine litter reduces the aesthetic value of popular tourist
beaches in Benin and Cbte d’Ivoire, and that unclean beaches were
one of the main concerns of coastal residents in Ghana (Van Dyck
etal, 2016). In Nigeria, perceived major impacts of marine litter also
include aesthetic impairment, as well as health issues and economic
downscale (Nubi et al., 2019). Furthermore, marine litter is shown to
directly affect the tourism industry, particularly in the African Small
Island Developing States (SIDS; including Cabo Verde). SIDS tourism

1 https://pogo-ocean.org

2 litterbase.awi.de
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depends on “beautiful} clean beaches, but are the most
disproportionately affected by marine litter, and therefore necessitate
continuous cleaning of the beaches at a high economic cost (Arabi
etal, 2023). In 2015, the economic cost of damage from marine litter
to fisheries, aquaculture, marine transport, shipbuilding and tourism
in the APEC (Asia-Pacific Economic Cooperation) region, including
Malaysia, was estimated at 11.2 billon USD (Mcllgorm et al., 2020).
Finally, the participating countries are also faced with the health risks
presented by marine litter through the consumption of seafood
containing microplastics, as shown in Malaysia (Karbalaei et al., 2019),
and potential injuries due to sharp plastic fragments or discarded
fishing nets in the water (Van Dyck et al., 2016; Arabi et al., 2023).

1.3. The impacts of citizen science on
participants

The goal of increasing ocean literacy in the global population is to
enable a positive behavior change towards the ocean and its resources,
according to the revised roadmap for the United Nations (UN)
Decade
(Intergovernmental Oceanographic Commission, 2018). Ocean

of Ocean Science for Sustainable Development
literacy has been broadly defined up to now as “an understanding of
the ocean’s influence on you and your influence on the ocean”
(Schoedinger et al,, 2005, p. 1). There is however a growing consensus
that ocean literacy should not only pertain to understanding of ocean-
related topics, but should further include attitudes, behaviors, and
level of connectedness to the ocean (Kelly et al., 2022). A recent study
demonstrated that ocean literacy consisted of six sub-dimensions:
knowledge of ocean-related topics, personal interest in ocean-related
aspects, ocean stewardship, ocean as an economic resource, ocean-
friendly behavior, and willingness to act responsibly towards the ocean
(Paredes-Coral et al., 2022). One conceptual approach that can
be utilized to achieve positive behavior change towards the ocean is
the Theory of Change model (Connell and Kubisch, 1998). This
approach consists of first determining an end objective and then
identifying the different steps needed to be reached to obtain this
objective. Ashley et al. (2019) demonstrated how the theory of change
model can be applied to evaluate ocean literacy initiatives targeting
specific behavior change. The identified steps predicting the targeted
behavior change were: awareness and knowledge of the issue, attitudes
(concern) and self-efficacy (belief that one’s own actions will
be beneficial) towards the issue, and interpersonal communication
about the issue with friends and family. The ocean literacy initiatives
were found to positively impact every step of the theory of change
model, as well as the intended behavior change. The study thereby
displayed the effectiveness of the included predictors of behavior
change and their relevance within the ocean literacy framework
(Ashley et al., 2019).

Citizen science projects related to marine litter are found to
positively impact components of ocean literacy (Hartley et al., 2015;
Yeo et al., 2015; Wyles et al., 2017; Locritani et al., 2019; Rayon-Vifia
etal, 2019; Wichmann et al., 2022). Hartley et al. (2015) assessed the
effect of an educational intervention on young school children and
demonstrated that following the intervention, children reported more
concern towards marine litter, had better knowledge of its causes and
consequences, and engaged in more sustainable actions aimed at
reducing marine litter. Locritani et al. (2019) used the same
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questionnaire as Hartley et al. (2015), with adolescents, and found
similar results with exception to lower variation in problem awareness
and perceived negative impacts of marine litter. This was likely to
be related to a higher baseline awareness and knowledge of plastic
pollution. Similarly, a study by Wichmann et al. (2022) reported a high
baseline problem perception and involvement towards marine plastic
litter in Chilean school children and did not find any significant effects
of the citizen science initiative on their participants, except for an
increase in perceived negative impacts. In addition to the high baseline
causing little room for improvement, the authors suggested that
citizen science alone is not enough to generate pro-environmental
behavior change, but would benefit from the inclusion of educational
modules that teach participants strategies and skills to empower them
for environmental protection (Wichmann et al., 2022). More research
is therefore needed to better understand how citizen science can
be optimized in its potential to impact ocean literacy.

In addition to benefiting ocean literacy, participating in citizen
science initiatives may lead to a positive “spillover effect” (i.e., an
indirect side effect of an intervention), in which engaging in one
pro-environmental behavior might encourage further engagement in
other pro-environmental behaviors (Thogersen and Olander, 2003).
This was demonstrated in the study by Wyles et al. (2017), in which
participating in a beach clean-up led to increased intentions to engage
in other, more generic, pro-environmental behaviors. Indeed, a recent
Bayesian meta-analysis based on environmental interventions found
small positive spillover effects for sustainable intentions, however no
spillover effects were found for sustainable behaviors (Geiger et al.,
2021). Although spillover effects are generally considered in terms of
intentions and behaviors, we would like to explore whether they could
apply in terms of attitudes as well. More specifically, if citizen science
can impact attitudes regarding a particular issue (e.g., marine litter),
perhaps this can also increase pro-environmental attitudes in general.

It has been further demonstrated that citizen science initiatives
positively impact well-being and nature connectedness (Koss and
Kingsley, 2010; Yeo et al., 2015; Wyles et al., 2017). In the study by
Wyles et al. (2017), after participating in a beach clean-up, students
reported feeling a more positive mood and higher eudaimonic well-
being. In this context, eudaimonic well-being was referred to the
meaningfulness of the activity and whether it was in line with one’s
personal values. Moreover, Koss and Kingsley (2010) investigated the
well-being of volunteers of a marine monitoring program and found
that volunteering created personal satisfaction, feelings of enjoyment,
and feeling pride in themselves. It is important to note however that
the presence of litter in coastal environments can diminish the
restorative qualities of the coast and induce a negative mood (Wyles
etal,, 2016). Nonetheless, Wyles et al. (2017) speculate that although
the littered environment is less restorative, the activity (e.g., beach
cleaning) itself may counteract the potential negative effects by
benefiting hedonic and eudaimonic well-being. With regards to nature
connectedness, the volunteers in Koss and Kingsley (2010) reported
an increased sense of connection to nature, which was linked with a
desire to protect the coastal environment. This is in line with findings
of a positive relationship between connectedness to nature and
pro-environmental behavior (Martin et al., 2020). Additionally, Wyles
etal. (2019) demonstrate that exposure to coastal environments was
associated with higher nature connectedness. We can thus speculate
that interacting with the coast can boost connectedness with nature,
which in turn can facilitate positive behavior change.
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1.4. Present study

The aim of the present study was to assess the impact of the citizen
science intervention in the project COLLECT (Citizen Observation of
Local Litter in Coastal ECosysTems), by evaluating shifts in
participants’ ocean literacy, pro-environmental intentions and
attitudes, and well-being. To achieve this, students were asked to
complete a survey both before (pre-survey) and after (post-survey) the
project activities, using a within-subject design. Ocean literacy was
conceptualized based on previous studies evaluating citizen science
initiatives (Hartley et al., 2015; Wyles et al., 2017; Locritani et al., 2019;
Lucrezi and Digun-Aweto, 2020) and the predictors of behavior
change from the Theory of Change model used in Ashley et al. (2019).
More specifically, to assess ocean literacy we measured awareness and
knowledge of marine plastic litter, self-reported litter-reducing
attitudes beach litter
Pro-environmental behavioral intentions and attitudes were included

behaviors, and towards removal.
to assess potential spillover effects. Finally, we evaluated hedonic and

eudaimonic well-being, as well as nature connectedness.

2. Methods

The current study’s experimental design and data analysis plan
were preregistered in the Open Science Framework (OSF) registry
before data collection (Severin et al., 2021a).}

2.1. Participants

A total of 410 secondary school students from seven different
countries took part in the surveys evaluating the impact of
COLLECT. About half of the participants identified as female (49.5%),
and 43% identified as male (7.5% gave no response). The mean age was
15.8years old (SD=2.19), with the youngest participant being 11 years old
and the oldest being 22 years old. The majority of participants (72.4%)
were between 14 and 18years old. Table 1 depicts the distribution of
participants according to country, along with socio-demographic
characteristics. There was an important gap in sample size between the
countries as certain countries (e.g., Cabo Verde) typically have very low
attendance of secondary school students compared to other countries
which usually have 50 students per class (e.g., Nigeria). A total of 171
students could not be matched due to missing pre- (n=72) or post-
surveys (1=99). Matched pre- and post-surveys that were therefore
included in the analysis represent 58% of the total sample size (n=239).
Various factors can explain this attrition such as students not attending
class at both time points, mistyped identification codes, or schools not
being able to finish the sampling activities due to time constraints.

2.2. Measures

The pre- and post-assessment survey contained a series of questions
divided into three main topics: awareness and knowledge of marine litter,

3 https://osf.io/vb8tx
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TABLE 1 Participant characteristics.

Country (total sample;  School

matched pre- and

10.3389/fpsyg.2023.1130596

Age distribution Gender distribution?

post-surveys)

Benin (n=66; n=65) Lycée Technique Coulibaly

Female=39.4%
Male=60.6%

M=17.6,SD =1.91, min =12, max =22

Escola Salesiana de Artes e Oficios

Female=79.3%

Cabo Verde (n=29; n=16)
Liceu Ludgero Lima

M =16.8, SD =1.05, min =16, max =20
Male=13.8%

Cote d’Ivoire (n=29; n=11) College les Oliviers de Port Bouet

Female =58.6%
Male=34.5%

M =17.4,SD =1.57, min =14, max =21

Ghana (n=67; n=34) O’Reilly Senior High School

Female =40.3%
Male=55.2%

M =17,S8D =1.18, min =15, max =21

Malaysia (n=64; n=37) Prince of Wales Island International School

Female=45.3%
Male=54.7%

M =14.6, SD =1.54, min =12, max =18

Lycée des Sportifs Female =40.7%
Morocco (n1=59; n=1) - M =15.8, 8D =2.06, min =12, max =21

Ecole IBN Batouta Male=22%

Riverside College Female=59.4%

Nigeria (n=96; n="75)

University of Calabar International Secondary School

M =14, SD =1.81, min =11, max =21
Male=38.5%

“Remaining percentage (to total 100%) corresponds to missing data.

attitudes and behaviors towards marine litter and the environment, and
well-being, including nature connectedness. Questions regarding socio-
demographics (i.e., gender, age) and visit frequency to the beach were also
included. Additionally, the post-survey contained questions measuring
satisfaction towards the COLLECT project. The survey was written in
English (applied in Ghana, Malaysia, and Nigeria) and then translated to
French (applied in Benin, Céte d'Ivoire, and Morocco) and Portuguese
(applied in Cabo Verde). The survey language was in accordance with the
school language of each country, with exception to the Moroccan schools
who employed Spanish, however the students also spoke French. All
surveys are open access. When possible, we used translated scales that
had already been validated in empirical studies. All other translated items
or scales were reviewed by two independent native speakers. To ensure
that the survey questions were not too difficult to comprehend or answer,
we piloted the survey with the students from Nigeria, from the University
of Calabar International Secondary School. The students could indicate
when they did not understand the question and could give general
feedback. The schools conducted the survey in paper format, with the
exception of the school in Malaysia that used an online version of the
survey on the Limesurvey platform (Limesurvey GmbH).?

2.2.1. Awareness and knowledge of marine litter
Awareness of marine litter was represented by participants’
problem awareness and concern regarding marine litter, and their
perceived impacts and causes of marine litter. Questions were adjusted
from Hartley et al. (2015) and Locritani et al. (2019) and were
reworded in the format of five-point Likert agreement scales to create
consistency in response options throughout the survey. Problem
awareness of marine litter was measured with the statement “Litter on
the beach and in the sea is a problem.” Two extra items measuring

4 https://osf.io/7e3su/

5 www.limesurvey.org

Frontiers in Psychology

awareness were included: “litter on the beach and in the sea is a future
environmental threat rather than a present one” (based on Hartley
et al,, 2018) and “litter on the beach and in the sea in our country is
more problematic than in other neighboring countries” Concern
towards marine litter was measured with the statement “I am worried
about the problems that litter on the beach and in the sea might cause.”
Participants then rated their agreement to whether impacts of marine
litter on marine wildlife, tourism, human health, fishing activities, and
the appearance of the coast were “bad”” Finally, participants rated their
agreement to whether marine litter was due to people dropping litter
on the beach, not enough bins, businesses and fishing activities, too
much packaging that is difficult to recycle, and rivers discharging
waste into the sea.

Knowledge of marine litter was measured by asking participants
the estimated degradation time of plastic bottles, similar to Hartley
et al. (2015). Response options were less than 1year, 1-10years,
10-50years, 50-100years, or more than 100 years. Ten to fifty years
and 50-100years were considered as correct responses (Edge et al.,
19915 Allen et al,, 1994). We also included four multiple choice
questions to assess perceived salience of marine plastic. Three
questions were based on those used in Wyles et al. (2017), i.e., “what
do you think was the most common type of litter found on the
coastline near you in 20202, “over the last 10years, plastic bottles
found on the coastline near you have increased by...,” and “on average
in 2020, how many pieces of litter were found per meter on the
coastline near you?” The fourth question consisted of asking
participants what percentage of marine litter they thought was plastic,
as done in Hartley et al. (2015), with response options being 0-10%,
10-25%, 25-50%, 50-75%, or 75-100%.

2.2.2. Attitudes and behaviors towards marine
litter and the environment

Attitudes towards marine litter were specifically targeted towards
beach litter removal and were measured with items taken from Lucrezi
and Digun-Aweto (2020), with a five-point Likert agreement scale.
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Examples are: “collective activities are important to keep the beach
litter-free” and “everyone is responsible for removing litter from the
beach, including me” An additional item was also included: “only
those who originally pollute the beach are responsible for removing
litter from the beach” As stated in Lucrezi and Digun-Aweto (2020),
perceiving others such as the local government to be responsible for
removing litter can be negatively linked to participation in beach litter
removal campaigns. In contrast, perceived personal responsibility can
encourage such participation and also reflects the notion of perceived
behavioral control, i.e., “it is up to me whether I do this rather than
other people or contextual factors” This is regarded as one of the best
direct predictors of behavior change (Klockner, 2013; Ashley et al.,
2019). Furthermore, pro-environmental attitudes in general were
measured with the revised version of the ten-item New Ecological
Paradigm scale (NEP; Dunlap et al., 2000), that is adapted for children
and adolescents (Manoli et al, 2007), with a five-point Likert
agreement scale. We used the multidimensional purpose of the NEP
scale to evaluate three factors, i.e., the extent to which one endorses
the rights of nature (Rights of Nature; e.g. “plants and animals have as
much right as people to live”), recognizes the possibility of an
eco-crisis (Eco-Crisis; e.g. “if things do not change, we will have a big
disaster in the environment soon”), and rejects human exemptionalism
(Human Exemptionalism; e.g. “people are clever enough to keep from
ruining the earth”; reverse-coded). In our sample, all three factors
present low reliability scores for the pre-survey (Cronbach’s
alpha=0.24 for Rights of Nature, 0.49 for Eco-Crisis, and 0.33 for
Human Exemptionalism) and for the post-survey (Cronbach’s
alpha=0.13 for Rights of Nature, 0.60 for Eco-Crisis, and 0.37 for
Human Exemptionalism).

Behaviors towards marine litter were measured with items
displaying litter-reducing behaviors, used in Hartley et al. (2015) and
Locritani et al. (2019). Participants rated how often in the past week
they “disposed of litter properly;” “picked up litter on the beach,”
“bought goods with less packaging,” “encouraged family and friends
to do any or all of the things above,” and “avoided using plastic bags
in the supermarket” (added item), using a Likert scale from 1 (never)
to 5 (a great deal). To evaluate pro-environmental behavioral
intentions, participants had to rate how often in the future they will
engage in participation in beach clean-ups (based on Wyles et al.,
2017), and other more generic pro-environmental behaviors, namely
buying products with less packaging, recycling, and re-using plastic
bags. Response options were never, rarely, occasionally, a moderate
amount, and a great deal.

2.2.3. Well-being and nature connectedness
Participants’ well-being was assessed with the Short Warwick
Edinburgh Mental Well-Being Scale (SWEMWABS; Stewart-Brown
et al, 2009), which is a seven-item scale that measures both
eudaimonic and hedonic well-being. Eudaimonic well-being refers
to living in accordance with oné’s true self (Waterman, 1993) and is
typically conceptualized with six dimensions, namely autonomy,
environmental mastery, personal growth, positive relationships,
purpose in life, and self-acceptance (Ryff and Keyes, 1995). Hedonic
well-being is defined as a state of positive affect and absence of
negative affect (Kahneman et al., 1999), and is often measured by life
satisfaction and happiness. The SWEMWBS was developed by the
Universities of Warwick, Edinburgh, and Leeds in conjunction with
NHS Health Scotland. Participants had to rate the frequency of
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certain thoughts and feelings experienced in the past week, with
response options going from 1 (never) to 5 (always). The SWEMWBS
is shown to have acceptable reliability in our sample, as Cronbach’s
alpha was 0.73 for the pre-survey and 0.80 for the post-survey. To
measure specifically hedonic well-being, participants were also
asked to rate their happiness with a ten-point scale going from
extremely unhappy to extremely happy. Nature connectedness was
assessed with the use of the Nature Connection Index (NCI;
Richardson et al,, 2019). The NCI is a six-item scale that measures a
person’s sense of connection with nature, using items such as “being
in nature makes me very happy” or “I feel part of nature.” Participants
responded with a seven-point Likert agreement scale. The NCI is
suitable for both children and adults and is found to have good
reliability in our sample. Cronbach’s alpha was 0.86 for the
pre-survey and 0.89 for the post-survey.

In the post-survey, participants were also asked to indicate how
satisfied they were with the general COLLECT project with a ten-point
scale going from very unsatisfied to very satisfied, such as in Wyles
et al. (2017). The meaningfulness of the COLLECT project was
measured with participants rating to what extent the project was
worthwhile and meaningful to them, using a scale from 1 (not at all)
to 5 (extremely; based on Wyles et al., 2017). Finally, participants also
had to select three adjectives that they thought best described the
COLLECT project, from the following list: inspiring, boring,
informative, pointless, enjoyable, tiring, motivating, frustrating,
gratifying, and challenging.

2.3. Procedure

School recruitment was largely based on ongoing collaborations
between the member institutes of POGO and science teachers. The
headteacher of each school received an official invitation letter from
POGO, outlining the project and the activities that would take place.
The science teacher selected which classes of students would
participate, with no prior knowledge of the content of the surveys and
their aim. Parents of the participating students then received an
information letter (Catarino et al., 2023). The headteacher and the
parents of all underage students were requested to give their informed
consent for the student to participate in COLLECT and to take part in
the surveys. We also required their consent to take photos or video
recordings of the students and to use them for educational and
outreach purposes. In addition, all students that were 16 years old or
older were required to give their personal informed consent to
participate in the surveys.

The pre-survey was handed out to the students during the
information session, before the presentation of the project, and
typically took about 15min to complete. The survey contained first a
short introduction, informing the students that the aim of the survey
was to understand the different impacts of the project. Students were
then asked to compose a unique participant code that would enable
to link their answers from the pre- and post-surveys, without direct
identification of the student. The code consisted of their birth month,
followed by the first two letters of their first name and surname. The
post-survey was completed approximatively 1 month later, allowing at
least 1week to pass after the classroom processing of the sampled
plastic. It is important to note that in Cabo Verde, Céote d’'Ivoire and
Morocco, the post-surveys were completed at the end of the second
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season (i.e., spring), 5/6 months after completion of the pre-surveys.
A debriefing of the project’s results will be provided to the students
and teachers in the format of flyers or visually attractive posters. The
collection and analysis of the surveys has been approved by the ethical
committee of the Faculty of Psychology and Educational Sciences of
Ghent University (ref: 2021/65).

2.4. Statistical analysis

Due to the use of ordinal data, we evaluated the effects of the
COLLECT project on the participants with Wilcoxon’s matched-
pairs signed ranks test, which is a non-parametric statistical
method that can determine whether there is a median difference
between paired observations. If the assumption that the
distribution of differences is symmetrically shaped was violated,
then a sign test was employed instead. To evaluate differences
between perceived impacts, perceived causes, self-reported litter-
reducing behaviors, and attitudes towards beach removal at
baseline, we used a Friedman test with pairwise comparisons.
We analyzed the intervention effects for each country separately
due to unequal group sizes and heterogeneity of covariances.
Results from the Moroccan schools could not be included in the
analyses because only one participant completed both pre- and
post-surveys, due to the disruptions imposed by COVID-19
restrictions in place. For each significant effect we examined
whether there was an influence of age, gender, or visit frequency to
the beach. We used Spearman correlations to evaluate the
relationships between age, coastal visit frequency, and the shift in
variables from pre- to post-surveys. For any effects of gender,
we used Mann-Whitney U-tests to compare the shifts in variables
from pre- to post-surveys between men and women. The effects of
gender on results from Cabo Verde and Coéte d’Ivoire could not
be assessed due to a low percentage of men who completed both
pre- and post-surveys (6 and 18% respectively).

3. Results

3.1. Awareness and knowledge of marine
litter

3.1.1. Problem awareness and concern

Results demonstrate a high perception of marine litter as a
problem at baseline in all participating countries (M=4.53). This
perception significantly increased at post-intervention in Benin
(+14%; p<0.001) and Ghana (+4.8%; p=0.021; Figure 1). Students
also considered marine litter to be more problematic in their own
country than in other neighboring countries (M=3.42), with a
significant increase at post-intervention in Benin (+9.2%; p=0.013).
Nonetheless, students perceived marine litter as a future environmental
threat rather than a present one (M=3.69) and this did not
significantly change at post-intervention for any of the countries. In
terms of concern towards marine litter, a high baseline was reported
overall (M=4.34). At post-intervention, concern significantly
increased in Nigeria (+4.8%; p=0.011) and Benin (+10.2%; p <0.001).
In contrast, students in Malaysia reported a significantly lower
concern at post-intervention (—7.6%; p <0.001; Figure 1).
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3.1.2. Perceived impacts and causes

Baseline responses indicated that students perceived marine litter
as adverse for marine wildlife (M =4.57), tourism (M =4.14), human
health (M =4.49), fishing activities (M=4.22), and the appearance of
the coast (M=4.29). As Friedman tests demonstrated that these
impacts were perceived differently at baseline for each country,
Bonferroni-corrected pairwise comparisons were performed to
evaluate these differences. Marine litter was perceived as having
greater negative impacts on marine wildlife and human health than
on the appearance of the coast, tourism, and fishing activities in
Nigeria, Benin, and Cabo Verde. No significant differences were found
between the perceived impacts in Cote d'Ivoire and Ghana. In
Malaysia, negative impacts of marine litter were perceived to be greater
on marine wildlife in comparison to tourism, human health, and
fishing activities. A more detailed analysis of each country is available
in Supplementary Materials. Furthermore, perceptions of the negative
impacts on marine wildlife increased significantly at post-intervention
in Benin (p<0.001). Perception of the negative impacts on tourism
also significantly increased after the intervention, in Nigeria
(p=0.041), Benin (p<0.001), and Cabo Verde (p=0.004). Additionally,
a significant increase was found in perceived negative impacts on
fishing activities in Benin (p<0.001), and on the appearance of the
coast in Nigeria (p=0.041) and Benin (p<0.001). In contrast, a
significant decrease in perceived negative impacts on fishing activities
was found in Malaysia at post-intervention (p =0.045). This shift in
perception was found to significantly differ according to gender
(p=0.01), with males reporting a decreased perception (—13.6%) and
females reporting a slightly increased perception (+2.2%).

In regard to perceived causes, students perceived, at baseline, that
marine litter is due to people dropping litter (M =4.37), not enough
bins (M =3.32), businesses and fishing activities (M =3.54), too much
packaging (M=3.54), and rivers discharging wastes into the sea
(M=3.34). For every country, Friedman tests indicate that these
causes were perceived differently at baseline, thus we conducted
Bonferroni-corrected pairwise comparisons to assess these differences.
A common difference found in all countries was that people dropping
litter was perceived as a greater cause of marine litter than all other
causes. In Malaysia and Nigeria, product packaging and businesses
and fishing activities were perceived to contribute more to marine
litter than the lack of bins, whereas in Benin, product packaging and
lack of bins were perceived as greater causes than businesses and
fishing activities. Additionally, a lack of bins was perceived as a greater
cause than rivers discharging wastes into the sea, in Ghana and Benin.
A more detailed analysis of each participating country can be found
in the Supplementary Materials. Post-intervention responses indicate
significant increases for every perceived cause of marine litter, with
the exception of lack of bins for which there were no significant
changes. The perception of people dropping litter as a cause of marine
litter significantly increased in Benin (p=0.017) and Nigeria
(p=0.031) but decreased in Malaysia (p=0.003). The perception of the
role of businesses and fishing activities also significantly increased in
Benin (p=0.008), Cabo Verde (p=0.005), and Ghana (p=0.026).
Students’ perceptions about the extent that too much product
packaging contribute to marine litter significantly increased in Benin
(p=0.014), Cabo Verde (p=0.019), Cote d’'Ivoire (p=0.032), and
Ghana (p=0.018). Finally, the perception of rivers discharging wastes
into the sea as a cause of marine litter significantly increased in Cote
d'Ivoire (p=0.035) and Ghana (p =0.004). Visit frequency to the beach
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FIGURE 1
Student's perceptions of marine litter as a problem (top graph) and concern towards marine litter (bottom graph) per country, at pre- and post-
intervention (1-5 scale: strongly disagree—strongly agree). Error bars represent standard error. *p<0.05; ***p<0.001; ns=not significant.

was found to negatively correlate with the difference between pre and
post-intervention perceptions of rivers discharging wastes into the sea
in Ghana (r,=—0.387, p=0.029), meaning that those who visit the
beach more frequently tended to have decreased perceptions after
taking part in COLLECT.

3.1.3. Knowledge of marine litter

A higher percentage of students in Ghana (+23%) and Cote
d’'Ivoire (+12%) stated the correct response to the degradation time of
a plastic bottle after taking part in COLLECT. This was not the case in
other countries, as there was an increase in the percentage of students
responding “more than 100years” instead. In terms of perceived
plastic salience, results indicate that students had a high perception of
plastic salience at baseline. The majority (70%) of students considered
plastic to represent more than 50% of marine litter at baseline. This
perception significantly increased at post-intervention in Benin
(p=0.002). About 83% of the students responded that plastics
constituted the most common type of litter found on their local
coastline and the percentage remained similar at post-intervention
(85%). About 64% of the students believed that plastic bottles had
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increased between 35 and 75% over the last 10 years. No significant
changes concerning that assumption were found in either of the
countries at post-intervention. Finally, about 33% of the students
responded that on average there were between two to five pieces of
litter per meter found on their local coastline, and 48.5% responded
there were five pieces or more. Students in Benin perceived a
significantly greater number of litter pieces per meter at post-
intervention (p=0.014).

3.2. Attitudes and behaviors towards
marine litter and the environment

3.2.1. Attitudes towards beach litter removal

At baseline, students reported low agreement that only those who
originally pollute the beach are responsible for removing beach litter
(M=2.42), moderate agreement that it is the responsibility of the local
government (M=3.25) and the local community (M=3.73) for
removing beach litter and high agreement that everyone is responsible
for beach litter removal, including themselves (i.e., collective
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responsibility) (M=4.39). They also reported high agreement that
collective activities are important to keep the beach litter-free
(M=4.29). Friedman tests demonstrate significant differences between
these items, at baseline, in every country. We therefore performed
Bonferroni-corrected pairwise comparisons to evaluate these
differences. In all countries, beach litter removal was more perceived
to be everyone’s responsibility, rather than the responsibility of only
the original polluters. Collective responsibility was also more
perceived than the responsibility of the local government, in all
countries except for Benin. In Nigeria and Ghana, collective
responsibility was more perceived than the responsibility of the local
community as well. A more detailed analysis of each country can
be found in the Supplementary Materials. Furthermore, post-
intervention responses in Benin indicate a significantly increased
perception that the local community is responsible for beach litter
removal (p=0.007) whereas responses in Malaysia indicate a
significantly decreased perception (p=0.032). This contrast is also
shown in regards to the perception that collective activities are
important to keep the beach litter-free, i.e., increased perception in
Benin (p<0.001) and decreased perception in Malaysia (p=0.029).
Finally, students in Benin also reported a significantly increased
perception of collective responsibility towards beach litter removal at
post-intervention (p<0.001).

3.2.2. Pro-environmental attitudes

With regard to pro-environmental attitudes, students reported
a high endorsement of the rights of nature (M=3.91), a high
recognition of the possibility of an eco-crisis (M =4.08), and a low
rejection of human exemptionalism (M=2.73), at baseline. No
significant changes at post-intervention were found in the
endorsement of the rights of nature in any of the countries. A
significant increase in the recognition of the possibility of an
eco-crisis was found in Benin (+5.8%; p=0.001), accompanied with
a contrasting significant decrease in the rejection of human
exemptionalism (—4.9%; p =0.045). It is important to keep in mind
however that the three factors describing pro-environmental
attitudes presented low reliability scores.

3.2.3. Self-reported litter-reducing behaviors
Baseline responses indicate that students reported a moderate
frequency of buying goods with less packaging (M =2.81), avoiding
the use of plastic bags in the supermarket (M =2.67), and encouraging
family and friends to engage in these actions (M=2.78). A low
frequency was reported in terms of picking up litter on the beach
(M=1.92), and a moderate frequency was reported in terms of
disposing litter properly (M =3.54). For every country, a Friedman test
demonstrates significant differences between these behaviors at
baseline, thus we conducted Bonferroni-corrected pairwise
comparisons to assess these differences. Students reported significantly
greater levels of appropriate litter disposal than picking up litter on the
beach (all countries), buying goods with less packaging (Nigeria and
Malaysia), avoiding plastics bags (Nigeria, Cabo Verde, and Ghana),
and encouraging family and friends to act (Nigeria, Benin, and
Malaysia). Buying goods with less packaging and encouraging family
and friends to act were performed more frequently than picking up
litter on the beach in Nigeria, Benin, Cote d’Ivoire, and Ghana.
Additionally, these actions were performed more frequently than
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avoiding the use of plastic bags in Nigeria. A more detailed analysis of
each country can be found in the Supplementary Materials. After
participating in COLLECT, students in Benin reported a significantly
higher frequency of appropriate litter disposal (p<0.001), of
encouragement of family and friends (p <0.001), and of buying goods
with less packaging (p <0.001). This increase in buying goods with less
packaging was found to be positively correlated with coastal visit
frequency (r,=0.284, p=0.022). Furthermore, at post-intervention
students in Nigeria (p<0.001), Benin (p<0.001), and Ghana
(p=0.005) reported a significant increase in picking up litter on the
beach. Finally, a significant increase in avoiding the use of plastic bags
in the supermarket was also reported by students in Benin (p <0.001),
Cabo Verde (p=0.039), and Ghana (p=0.001). Table 2 illustrates the
pre- and post-intervention means of each self-reported litter-reducing
behavior, per country.

3.2.4. Pro-environmental behavioral intentions

At baseline, students reported moderate intention to participate
in future beach clean-ups (M =3.40), to buy products with less
packaging (M =3.53), to recycle (M =3.82), and to re-use plastic
bags (M =3.57). After participating in COLLECT, the intention to
participate in future beach clean-ups significantly increased for
students in Benin (+13.4; p=0.001) and Ghana (+9.6%; p=0.019).
Nonetheless, the change in intention to participate in beach
clean-ups was found to be negatively correlated with age in Benin
(r,=—0.248, p=0.046) and to be positively correlated with age in
Ghana (r,=0.357, p=0.049). Older students in Benin therefore
expressed less willingness to participate in beach clean-ups at post-
intervention, whereas older students in Ghana expressed more
willingness. Furthermore, students in Benin reported a significant
increase in the intention to buy products with less packaging
(+9.2%; p=0.003), to recycle (+12.8%; p=0.002), and to re-use
plastic bags (+9.8%; p=0.008). However, the shift in intention to
re-use plastic bags was found to significantly differ according to
gender (p<0.001), with males reporting an increased intention
(+20.6%) and females reporting a slightly decreased intention
(—6.2%), at post-intervention (Figure 2).

3.3. Well-being and nature connectedness

Differences between pre- and post-intervention mean scores of
well-being were evaluated with a paired samples t-test for each
country. Only students in Benin reported a significant increase in
well-being after participating in COLLECT (+6.4%; p<0.001;
Figure 3). Change in happiness was assessed with a Wilcoxon’s
matched-pairs signed ranks test for each country. In parallel with well-
being, students in Benin demonstrated a significant increase in
happiness at post-intervention (+12.3%; p<0.001). Furthermore, at
baseline, students displayed an average of 60.78 (SD=25.8) on an
index going from 0 to 100 for nature connectedness. Differences
between pre- and post-intervention mean scores of nature
connectedness were evaluated with a paired samples t-test for each
country. A significant increase in nature connectedness was found for
students in Benin at post-intervention (+18.9%; p<0.001), whereas a
significant decrease was found for students in Malaysia (—8.3%;
p=0.007; Figure 3).
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TABLE 2 Means (and SD) for self-reported litter-reducing behaviors per
country, at pre- and post-intervention (1-5 scale: never—a great deal).

Self-reported litter- Pre- Post-
reducing behaviors, per intervention intervention
country M (SD) M (SD)
Benin

Disposed of litter properly 2.92(1.39) 3.74 (1.25)%**

Picked up litter on the beach 1.32 (0.78) 2.56 (1.03)%**

Bought goods with less packaging 2.28 (1.02) 3.37 (1.19) %

Avoided using plastic bags in the 2.31(1.10) 3.34 (1.18)%#**

supermarket

Encouraged family and friends to act 1.91 (1.01) 3.46 (1.26)***
Cabo Verde

Disposed of litter properly 3.93(1.27) 4.36 (0.84)

Picked up litter on the beach 2.64 (1.28) 3.00 (0.96)

Bought goods with less packaging 2.92 (0.64) 2.92 (0.76)

Avoided using plastic bags in the 2.50 (1.02) 3.36 (1.08)*

supermarket

Encouraged family and friends to act 3.14 (1.23) 3.86 (1.10)
Cote d'lvoire

Disposed of litter properly 3.36 (1.63) 3.64 (1.36)

Picked up litter on the beach 2.27 (1.42) 3.09 (1.14)

Bought goods with less packaging 3.09 (1.22) 3.55 (1.04)

Avoided using plastic bags in the 2.91(1.22) 3.55(1.51)

supermarket

Encouraged family and friends to act 3.70 (1.49) 3.90 (1.29)
Ghana

Disposed of litter properly 3.91(1.23) 4.19 (1.03)

Picked up litter on the beach 2.48 (1.02) 3.38 (1.15)**

Bought goods with less packaging 3.43 (1.01) 3.70 (1.12)

Avoided using plastic bags in the 2.81(1.51) 3.52 (1.36)**

supermarket

Encouraged family and friends to act 3.48 (1.21) 3.87(1.10)
Malaysia

Disposed of litter properly 3.92(0.98) 3.89 (0.87)

Picked up litter on the beach 2.24 (1.16) 2.35(0.92)

Bought goods with less packaging 2.84 (1.09) 3.05 (0.99)

Avoided using plastic bags in the 3.78 (1.29) 3.65 (1.18)

supermarket

Encouraged family and friends to act 2.62 (1.16) 2.54(1.17)
Nigeria

Disposed of litter properly 3.85 (0.96) 3.87 (1.15)

Picked up litter on the beach 1.49 (0.85) 2.30 (1.13)%:k*

Bought goods with less packaging 2.73 (1.06) 2.95(1.24)

Avoided using plastic bags in the 1.97 (1.13) 2.03 (1.10)

supermarket

Encouraged family and friends to act 2.69 (1.30) 2.84 (1.30)

#p <0.05; *%p <0.01; **%p <0.001.
Post-intervention means in bold are signficiantly higher compared to pre-intervention

means.
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3.4. Satisfaction with COLLECT

Students reported high satisfaction with the COLLECT
project, with average scores above nine (out of ten), with the
exception of students in Nigeria (M=7.86) and in Malaysia
(M =6.65). Students from all countries considered the COLLECT
project to be highly worthwhile and meaningful to them (average
scores above four, out of five), with the exception of Malaysia
(M =3.35). More than 50% of the adjectives used to describe the
COLLECT project referred the project to be “motivating,”
“informative,” “inspiring,” and “enjoyable.” About 15% referred the
project to be “challenging,” “gratifying,” and “tiring.” Finally, 6%
of the adjectives attributed the project as “boring” and
“frustrating,” and 2% as “pointless”

Students and/or teachers also had the option to fill in a feedback
form evaluating their thoughts and opinions regarding
COLLECT. When asked how we could improve the project, teachers
from Morocco and Nigeria responded with a common opinion,
namely that the project should be expanded in some way (e.g., by
increasing the number of participants or schools involved, or
replicating the project several times). One teacher in particular
expressed a need for “more education, especially among the younger
generation, on recycling and renewable energy” Teachers also
reported several aspects of the project that they liked or appreciated,
namely the “hands-on” experience of the field activities and the
efficiency and coordination of the project. When asked to what extent
the project influenced interest in science and a pursuit in a scientific
career, about half of the students from Cabo Verde replied positively,
e.g., “T've always had this curiosity to work in the scientific field and
this project gave me the inspiration I needed to really want to
continue with this career” The learning outcomes of the project
reported by the students from Cabo Verde included: how to
differentiate the types of plastic, how to sample and analyze plastic,
the presence of microplastics, how to work as a team, the impacts of
plastic on nature and humans, and the importance of reducing plastic
consumption. The project was a learning experience for the teachers
as well, as teachers stated learning about the presence of plastics that
are “too small to see with the naked eye,” the methodology for plastic
sampling, and the negative effects of plastic waste on the ecosystem
and humans.

4. Discussion

The results of the present study demonstrate that the citizen
science intervention in COLLECT positively impacted ocean literacy
in Benin, Ghana, Nigeria, Cabo Verde, and Cote d’Ivoire, to differing
extents. Students in Benin and Ghana also displayed higher
pro-environmental intentions after participating in COLLECT. An
increased well-being and nature connectedness were found for
students in Benin as well. Ocean literacy was conceptualized by
awareness and knowledge towards marine litter, self-reported litter-
reducing behaviors, and attitudes towards litter removal. In terms of
awareness and knowledge, results indicate a high baseline of problem
awareness and concern towards marine litter. This is a finding that has
been frequently shown in previous studies investigating citizen science
projects related to plastic pollution, namely in the United Kingdom
(Hartley et al, 2015), in Italy (Locritani et al, 2019), in Chile
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(Wichmann et al., 2022), and in Denmark (Oturai et al., 2022). High
concern towards marine plastic pollution is also prevalent in the
general public in Europe, as displayed in a pan-European citizen
survey (H2020 SOPHIE Consortium, 2020). The high baseline
problem awareness could be linked with the age group of teenagers
recruited in our study, as discussed in Locritani et al. (2019). However,
younger children were also found to have high problem awareness
prior to any intervention (Oturai et al., 2022; Wichmann et al., 2022).
Furthermore, students demonstrated a high perceived salience of
plastic on the coast prior to participating in COLLECT. More
specifically, students already considered plastic to be the most
common type of marine litter and perceived a high increase of the
proportion of plastic bottles over recent years. Although students
perceived marine litter as a problem, they somewhat perceived this
problem to be a future environmental threat, rather than a present
one, and this did not significantly change after the intervention. This
could indicate a form of temporal distancing from the problem
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(Hartley et al., 2018; Keller et al., 2022), associated with a perceived
lack of urgency (Moser and Dilling, 2007). Future interventions
should focus on making the urgency of the problem more apparent
for the participants.

Students were highly aware of most causes and consequences of
marine litter before participating in COLLECT. Similar to Hartley
etal. (2015) and Locritani et al. (2019), the negative impact of marine
litter on marine wildlife was generally perceived to be greater than the
impacts on the appearance of the coast, tourism, and fishing activities.
As stipulated by Hartley et al. (2018), this could be due to either the
prominent portrayal of marine wildlife being affected by plastic in the
media, or the greater value placed on marine wildlife in comparison
to other impacts. The latter is consistent with the European public’s
strong concern towards the loss of marine biodiversity (H2020
SOPHIE Consortium, 2020). Unlike in Hartley et al. (2015) and
Locritani et al. (2019), human health was also regarded as an
important negative impact of marine litter. This is perhaps due to the
increasing media representation of the health risks of plastics,
particularly microplastics (Volker et al., 2020; Catarino et al., 2021).
Students’ perceptions of the causes of marine litter were in line with
previous findings, i.e., the perception that people dropping litter is the
main cause of marine litter (Campbell et al., 2014; Hartley et al., 2015;
Van Dyck et al., 2016). After taking part in COLLECT, students
demonstrated a better understanding of other causes of marine litter,
i.e., the role of businesses and the fishing industry, product packaging,
and rivers discharging wastes into the sea. Enhancing public
knowledge of the sources of marine litter is essential as these are often
disregarded in the public discourse (Pahl et al., 2017). Importantly,
despite the high baseline, participating in COLLECT did lead to
increased awareness and knowledge of marine litter, in the majority
of the countries.

Consistent with Hartley et al. (2015) and Locritani et al. (2019),
students reported greater levels of appropriate litter disposal than all
other litter-reducing behaviors at baseline. Picking up litter on the
beach was reported with the lowest frequency level, however this
could be partially due to the low visit frequency to the beach reported
by students (with exception of students from Cabo Verde and Cote
d’Ivoire). Participating in COLLECT led to an increase in litter-
reducing behaviors in four out of the six evaluated countries. This
further supports the notion that citizen science projects have the
capacity to impact positive behavior change, as well as awareness.
Nonetheless, our study measured behavior through self-report items,
and it would be beneficial for future research to assess behavior with
experimental measures such as behavioral paradigms (Lange, 2022),
to boost empirical evidence of an effect on behavior. Furthermore, in
regards to attitudes towards beach litter removal, students already
displayed a high perceived personal responsibility towards removing
litter from the beach prior to participating in COLLECT. Similar to
Lucrezi and Digun-Aweto (2020), students considered beach litter
removal as more of a shared responsibility rather than a government
responsibility. This could indicate a high baseline of perceived
behavioral control regarding removal of beach litter, and thereby an
initial willingness to participate in local actions such as beach
clean-ups. After the COLLECT intervention, students’ perceived
responsibilities did not significantly change, with exception to those
in Benin and Malaysia.

Beyond having a positive impact on ocean literacy, participating
in COLLECT also led to an increase in intentions to engage in more
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general pro-environmental behaviors, similar to Wyles et al. (2017).
More specifically, students in Benin reported increased intentions to
buy products with less packaging, to recycle, and to re-use plastic bags.
An increased intention to participate in future beach clean-ups was
also found for students in Ghana and Benin. These findings indicate
that citizen science projects could lead to spillover effects in which
impacting behaviors related to litter reduction encourages intentions
to act more sustainably in one’s daily life. Moreover, in terms of
attitudes, a possible spillover effect could have occurred for students
in Benin, in which a positive change in attitudes regarding litter
removal (i.e., higher perceived collective responsibility) encouraged a
positive increase in pro-environmental attitudes (i.e., higher
recognition of the possibility of an eco-crisis).

With exception to students in Benin, participating in COLLECT
did not significantly affect pro-environmental attitudes. At baseline,
students did report a somewhat high endorsement of rights of nature
and a high recognition of a possibility of an eco-crisis. However, this
was accompanied with a low rejection of human exemptionalism. To
interpret these findings, it is important to consider the cultural context
of the participating countries. To a certain extent, the
pro-environmental attitudes reflected here resemble those reported by
Nigerian students (Ogunbode, 2013), Zimbabwean children (Van
Petegem and Blieck, 2006), and Senegalese children (Grinova et al.,
2019). These studies found that participants have both an ecological
and utilitarian view of the environment. More specifically, although
participants are concerned with the negative effects that humans have
on nature, they also show faith in the recovery of nature from human
interference and in the possibility of gaining control of nature.
Ogunbode (2013) argues that this control of nature is viewed as
possible through spiritual empowerment, with the means of religious
ritual and negotiation. The low internal consistency of the NEP factors
in our sample further demonstrates this dualistic perspective. For
example, students show agreement that people should obey the laws
of nature but are also supposed to rule over nature, similar to Grinova
et al. (2019). Although the NEP has been rated as the most
comprehensive and widely used scale to measure pro-environmental
attitudes (Somerwill and Wehn, 2022), our results are consistent with
the notion that the perspective utilized by the NEP only partially
represents the ecological worldviews within an African context
(Ogunbode, 2013). Moreover, possessing anthropocentric values
should not be regarded as a barrier towards implementing
pro-environmental behaviors. Indeed, recent findings challenge this
stereotype by demonstrating a strong expression of pro-environmental
behavior in people with anthropocentric values and a high connection
with nature (Sockhill et al., 2022). Better understanding of these
particular ecological worldviews is thus needed to tailor the
interventions and educational modules targeting students from
African countries.

Participating in COLLECT did not significantly impact well-
being, nor nature connectedness (with exception to students in Benin
and Malaysia). The participating countries presented an average
baseline in well-being, as their mean scores are comparable to the
mean score of the adult population in the United Kingdom (Ng Fat
etal, 2017; Figure 3). Nevertheless, we cannot exclude the possibility
that there was a positive impact on happiness or nature connectedness
immediately after the citizen science activities, as post-intervention
measurements were taken 1week after the activities ended.
Additionally, results indicate that the COLLECT project was perceived
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to be highly worthwhile and meaningful, consistent with findings
from Wyles et al. (2017). Perhaps the focus on plastic pollution and
the exposure to a littered environment curtailed the potential
restorative qualities of the coast and induced negative emotions,
including a more pessimistic outlook regarding the future of the
environment (Severin et al., 2023). As such, the meaningfulness of the
citizen science activities was perhaps not sufficient to counteract this
(Wyles etal,, 2017). Another possibility could be that students did not
perceive the coast as a place of leisure and restoration and therefore
did not expect to feel happier or more relaxed after visiting the beach.
Indeed, the cultural context most likely also plays a role here in
shaping the relationship and interactions with the coast (Wheaton
etal., 2020). For example, it is possible that a portion of the students
consider the coast as a dangerous place or merely view it as a source
of food and resources (Wheaton et al., 2020; Phoenix et al., 2021).
Despite their close proximity to the coast, the average visit frequency
to the beach was less than once a week. Finally, students participated
in COLLECT as part of a school activity, which induces the possibility
of perceiving the project as more of an obligation and not as a leisure
activity (similar to Wyles et al., 2017). With regards to nature
connectedness, the baseline mean score of the students is comparable
to the mean score found for children aged 7 to 15years in the
United Kingdom (Richardson et al., 2019). Half of the participating
countries displayed even higher mean scores (see Figure 3), indicating
a higher than average baseline of nature connectedness. The
non-significant impact of COLLECT on nature connectedness is in
contrast to findings from Koss and Kingsley (2010), although their
study is based on volunteers and not schoolchildren, which therefore
increased the likelihood of prior motivation and interest to engage
with nature.

4.1. Influence of country, age, and gender
on intervention effects

Each country presented unique results in terms of the effect of the
COLLECT project on ocean literacy, pro-environmental intentions
and attitudes, and well-being. Two countries in particular
demonstrated contrasting findings, namely Benin and Malaysia. A
positive change in almost all outcomes was found for students in
Benin, indicating that the COLLECT project was effective in
enhancing awareness towards marine litter, motivating students to
engage in litter-reducing behaviors and to act more sustainably, and
boosting students’ well-being and nature connectedness. It is
important to note however that compared to the other countries,
students in Benin reported a lower baseline for the majority of the
outcomes, and thus possessed greater room for change. In contrast,
students in Malaysia reported a negative change in several outcomes,
namely in concern towards marine litter, in perceived impacts and
causes of marine litter, in attitudes regarding beach litter removal, and
in nature connectedness. Students in Malaysia were also the least
satisfied with the COLLECT project and reported the lowest rating in
terms of its meaningfulness. Importantly, during the field sampling at
the beach, students in Malaysia did not collect any macroplastics and
could only sample very few microplastics, as the beach was frequently
cleaned by the hotels in the area. This means that students did not
directly perceive litter at the beach, thereby potentially reducing the
perception of the salience of marine litter on the coastline and creating
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disinterest towards the aims of the project, similar to findings from
Oturai et al. (2022). This is in line with the fact that students in Benin
collected the most macroplastics compared to other countries
(Catarino et al., 2022), and therefore perceived a strong presence of
plastics on the coast, which can partly explain the positive outcomes
of the project previously mentioned.

Very few differences in intervention effects were found in terms
of age and gender. Indeed, Hartley et al. (2018) demonstrate how age
and gender are less important predictors of concern towards marine
litter than factors such as values and social norms. Apart from
influencing the pre- to post-intervention change in intention to
participate in beach clean-ups in Benin (negatively) and Ghana
(positively), age did not influence the main intervention effects. This
could be due to the low age range with the majority of our sample
being between 14 and 18years old. Previous studies reported
differences between those aged 7-12 years and those aged 13-16 years
(Hartley et al., 2015; Locritani et al.,, 2019; Oturai et al., 2022),
therefore, age effects are more likely to appear when comparing
children with adolescents. The effects of participating in COLLECT
did not differ according to gender, except for two outcomes. First, the
perception of the negative impact of marine litter on fishing activities
decreased for males and slightly increased for females, in Malaysia.
Malaysian women are typically less involved in fishing activities,
especially in the capture of seafood (Siason et al., 2001). We would
therefore expect that they would feel less concerned with the negative
impact of marine litter however this was the case for men, and not
women. Second, male students in Benin reported an increased
intention to re-use plastic bags whereas female students reported a
slightly decreased intention. This contrast could stem from a gender
disparity in which women are typically more responsible for
household duties and therefore need stronger motivation to change
their habits such as re-using plastic bags to buy groceries.

4.2. Limitations and future directions

The present study evaluates the impact of a large-scale citizen
science project implemented in multiple countries, presenting a
unique opportunity for obtaining diverse knowledge from
underrepresented regions. This however also led to several
methodological limitations that should be considered. First, although
the implementation of the project was standardized as much as
possible (Catarino et al., 2023), there are notable differences between
the countries. One difference is in regards to the time period between
the pre- and post-surveys (i.e., 1 month for Nigeria, Benin, Ghana, and
Malaysia; 5/6 months for Cabo Verde, Céte d’Ivoire, and Morocco).
Additionally, the surveys were conducted in different languages,
leading to potential differences in the interpretation of certain words
or expressions between the countries. Nonetheless, results of each
country were analyzed separately and thus no statistical comparison
between countries was made. Furthermore, as is often the case with
follow-up measures, results portray only a subset of the total sample
(58%) because not all students completed both the pre- and post-
surveys. This led to a reduced sample size and a loss of valuable
information. Moreover, the data from the surveys had to be manually
transferred to a computer due to the surveys being completed in paper
format, and was therefore exposed to potential human error. Finally,
although efforts were made to use psychometric scales that were
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validated in various cultural settings (e.g., the SWEMWBS; Stewart-
Brown et al., 2009), it is essential to consider the influence of the
cultural context upon the validity of the scales and items included in
our study.

For future research conducting citizen science in African regions,
we recommend further investigation into how African youth shape their
environmental attitudes and perspectives regarding current issues such as
plastic pollution. For example, it would be beneficial to first conduct a
qualitative study exploring the awareness and attitudes of students and
teachers and the perceived barriers hindering behavioral change. The
resulting knowledge could then be utilized to integrate educational
workshops tailored to these unique perspectives into the global citizen
science project. As Wichmann et al. (2022) recommend, these educational
modules should inform strategies and competencies for students to adopt
to enhance empowerment towards tackling environmental issues. We also
recommend to use measurements that have been validated in
non-WEIRD populations (Western Educated Industrialized Rich
Democratic). Furthermore, to promote empirical evidence of a positive
effect of citizen science on attitudes and behavior relating to marine litter,
we suggest implementing a longitudinal design to evaluate whether
beneficial effects remain in the long-term. Additionally, specifically in
terms of beach clean-ups or sampling of beach litter, there should
be further research on the influence of the extent of litter present on the
beach on subsequent perceptions regarding plastic pollution and
motivations for sustainable action (in reference to the negative impacts
shown in Malaysia).

4.3. Conclusion and implications

In conclusion, the present study highlights the effectiveness of a
citizen science intervention to positively impact ocean literacy. Despite
a high baseline, students demonstrated greater awareness and a better
understanding of the causes and consequences of marine litter, in the
majority of the participating countries. Participating in COLLECT
also led to an increase in litter-reducing behaviors, such as picking up
litter on the beach and avoiding the use of plastic bags. Students
reported a high baseline of perceived personal responsibility towards
beach litter removal and this did not change at post-intervention.
Some shortcomings to the project can be noted. To a certain extent,
taking part in COLLECT did not reduce temporal distancing from the
issue of marine litter, nor did it positively change pro-environmental
attitudes. Moreover, students in Malaysia demonstrated negative shifts
in awareness and knowledge, in attitudes towards beach litter removal,
and in nature connectedness, possibly due to a lack of perceived
salience of marine litter at their local coastline. Nonetheless,
participating in COLLECT led to higher pro-environmental
behavioral intentions for students in Benin and Ghana, indicating a
positive spillover effect. Students from Benin are shown to have
benefited the most out of participating in COLLECT as they also
demonstrated higher well-being and nature connectedness after the
citizen science intervention. The COLLECT project was overall
positively perceived by the students and teachers and evaluated as an
important learning experience.

In light of these findings, we stress the importance of evaluating
the educational and behavioral benefits of citizen science interventions
to address plastic pollution on a societal and individual level.
Understanding the perceptions regarding marine litter can have
important implications for management and policy decision-making.

Frontiers in Psychology

14

10.3389/fpsyg.2023.1130596

As showcased in Sumeldan et al. (2021), gaining knowledge into how
local communities perceive a particular issue can help inform
stakeholders on how to best communicate about this issue or on how
to adapt strategies targeting behavior change in accordance with the
attitudes and motivations of the public. Moreover, displaying empirical
evidence of the positive impacts of citizen science on participants
enables to enlarge the range of citizen science benefits and encourage
researchers and organizations to implement it wherever possible.
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