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Abstract

Data gaps limit solutions and policy development for environmental issues. Citizen
science offers a possible solution to reduce data gaps at a limited cost while enhancing
environmental education (EE). While highly effective in the latter, citizen science
campaigns rarely produce reliable, comparable, and meaningful data. This often
results from fragmented awareness, varying data collection methods, and little
training prior to data collection. This article explores how Massive Open Online
Courses (MOOQOCs) can be used to train citizen scientists, increase the value of citizen
science data, and ensure that resources invested in citizen science initiatives are
used more efficiently. We use a beach macrolitter monitoring course developed by
Sustainable Seas Trust (SST) (NGO/NPO) and GRID-Arendal (a research foundation)
as a case study in Africa, since the marine litter issue has widespread public support,
and beaches are pleasant locations that attract potential citizen scientists. Beach
macrolitter surveys utilise everyday equipment, and monitoring methods are simple
if individuals are supported with appropriate training. This is especially relevant in
Africa, where plastic pollution is forecasted to increase faster than other regions,
and resources for research can be limited. This article gives a modified problem-
solution model (mPSM) perspective, considering the challenges and solutions of
MOOC development by two organisations working in the same space with limited
resources. Challenges to inclusivity for online training in Africa included language
barriers and limited technological access. Using Africa as a case study, we show that
by combining professional abilities, inclusive digital education can be achieved using
data-light MOOCs, offline engagement and other inclusive strategies to overcome
the challenges of m- (mobile) and e- (electronic) learning. This kind of EE can be a
powerful tool in developing reliable data while enhancing citizens’ agency in working
towards Sustainable Development Goals (SDGs).
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Introduction

Reliable data are required to understand the extent of an environmental issue, its
impact, and effectiveness of implemented solutions. Data-driven decision-making has
become progressively more valuable in guiding local, regional, and global environmental
protection strategies and policies (Naudé & Vinuesa, 2021). Without empirical credibility,
it is challenging to establish evidence-based patterns (Adekunle, 2021) to support the
implementation of viable solutions and policies, and measure their effectiveness. Regions
lacking data are, therefore, at a disadvantage when tackling environmental issues. This lack
of data, in turn, perpetuates inequality, poverty, and other vulnerabilities (Hilbert, 2016;
World Bank, 2020a).

Data gaps can limit solutions and policy development, particularly regarding
environmental issues (Jambeck et al., 2015). Where data shortfalls are driven by funding
shortfalls, parachute science can occur. Parachute science is when data are gathered in lower-
income regions predominantly by scientists and organisations from higher-income regions
without the input or participation of local experts and citizens (Stefanoudis et al., 2021).
Closing data gaps using this form of science can have long-term negative consequences on
the science-policy interface in the country or region where the data are gathered but not
shared (St6fen-O’Brien et al., 2022). Therefore, data collection must proceed with the goal
of consulting and/or partnering with local citizens, experts, and local decision-makers.

Citizen Science and Environmental Education (EE)

With the appropriate support, citizen science provides an opportunity to close gaps in data-
scarce areas. Citizen science is scientific research conducted by people who are not scientists
by profession (Callaghan et al., 2019), typically involving classification and monitoring
(Wals et al., 2014). Involving citizens in scientific data collection enables the collection of
large and significant datasets (Dunkley, 2017) since it extends coverage across both space
and time, increases human and financial resources (Kobori et al., 2016; Van der Velde et al.,
2017), and provides large-scale assessments that would otherwise not be possible due to
logistical and financial constraints (Nelms et al., 2017).

Van der Velde et al. (2017) showed that citizen science data are robust and reliable
when coupled with appropriate training. Indeed, citizen science data are used extensively
in biodiversity and pollution studies (De Sherbinin et al., 2021, Gacutan et al., 2022).
While training facilitates the collection of valuable and reliable data for formal studies,
appropriately trained citizen scientists may also gain skills and knowledge needed to
conduct related informal surveys and address local questions or issues. As a result, citizen
scientists are further involved in the scientific process (Fraisl et al., 2022).

In addition to the obvious role of research and monitoring (Dunkley, 2017), citizen
science is also recognised as a tool for conservation (Cooper et al., 2007). It is a valuable
tool for awareness raising and knowledge enhancement as participants become aware of
and directly experience the extent of a problem (Locritani et al., 2019; Rambonnet et al.,
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2019). In this way, citizen science can be considered a form of environmental education
(EE). Participation in citizen science enhances scientific literacy (Miller-Rushing et al.,
2012). Additionally, as EE is concerned with identifying causes and solutions (Wals et al.,
2014), utilising citizens in the classification and quantification of an issue means they
consider sources and solutions, and are equipped to become active in the mitigation of the
problem. Such agency that allows mitigation can range from behaviour change to solution
development and implementation as well as stakeholder engagement (IWMI [International
Water Management Institute], 2024).

EE can be fundamentally complemented by post-normal science (PNS), especially in
research related to the human-ocean relationship. PNS is a framework for interdisciplinary
and transdisciplinary approaches to mitigation identification at the science-society
interface (Buchan, 2022), supporting traditional science in dealing with issues that are
complex or require complex solutions. PNS is a problem-solving strategy in which scientific
inputs come from an ‘extended peer community’ allowing for inclusive participation from
multiple stakeholders, including, in this case, citizen scientists. This allows the complexity
and uncertainty of natural systems and human interaction to be captured (Funtowicz &
Ravetz, 1993, 2003) and acknowledges citizens as legitimate peers in developing solutions
to environmental problems (Buchan, 2022).

An outdated, problematic perspective of citizen science is the instrumentalist view
which portrays volunteers (i.e. citizen scientists) as mere technicians working under ‘real’
scientists. However, citizen scientists are not tools for routine monitoring; they can be,
and are, active and valuable contributors to scientific research. The instrumentalist view
fails to recognise the expertise, passion, unique perspectives, and social capital, citizen
scientists bring. Their involvement in data collection, analysis, and problem-solving is
integral to advancing scientific knowledge. The collaborative nature of modern scientific
inquiry is undermined by dismissing their contributions as merely freeing up resources for
‘real’ scientists. A well-designed interactive Massive Open Online Course (MOOC) using
the modified problem-solution model (mPSM) and targeting citizen scientists’ passion in
a focussed area, offers greater public engagement with science, and promotes ownership
over research outcomes, fostering trust between the scientific community and society. This
results in more inclusive research practices that benefit scientists and society.

A modified Problem-Solution Model (mPSM)
In this study, we harness citizen science for classification and monitoring (Wals et al., 2014)
and extend it to EE by identifying causes and solutions to environmental issues (Wals et al.,
2014). This is considered within a mPSM framework, utilising plastic pollution in Africa as
a case study.

The traditional solution-centric approach to problem-solving, addresses problems
individually without consideration for potential negative implications or knock-on effects
of good-intentioned actions. The bigger picture is overlooked by viewing (and ‘solving’) the
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problem in isolation. Peter Senge’s first law of The Fifth Discipline states that the problems we
inherit today are likely the result of a series of past solutions which may have seemed right
at the time (Senge, 1990). Therefore, a different problem-solving model is needed to ensure
that environmental issues are tackled sustainably, with the bigger picture in mind (Senge,
1990). The mPSM considers a problem within a bigger picture (Figure 1) and is expected
to provide sustainable solutions while reducing the likelihood of encountering unexpected
knock-on effects. A mPSM combines a cause-and-effect analysis (Ishikawa & Loftus,
1990), a PSM (Firend, 2014) and implementation research (Peters et al., 2013). Cause and
effect analysis was initially designed as a quality control tool; however, this also assists in
discovering the root causes of problems, identifying bottlenecks, and understanding where
and why a process is not working (Ishikawa & Loftus, 1990). Implementation research was
used in the solution component. Where the solution is concerned with the users of the
solution and not purely the production of knowledge, users comprise all who need to be
informed, including citizens, practitioners, researchers, and policymakers (Peters et al.,
2013). The most important consideration is that users must be considered at all stages
of solution design, not simply as targets for disseminating results (Peters et al., 2013).
Implementation interventions have improved health service delivery in low- and middle-
income countries, working in the most resource-constrained environments, and are proven
to measure change, inform stakeholders and guide decision-making (Peters et al., 2013;
Peters & Waterman, 1984). Implementation strategies also work in complex systems as they
allow for multiple methods and different sources of information to be used to understand
an implementation problem (Peters et al., 2013).

Figure 1: Representation of the mPSM design used in this study
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mPSM: Beach macrolitter monitoring in Africa as a case study

The mPSM provides a viable framework to address environmental issues holistically by
articulating the causes of a problem, examining its effect(s), and exploring solutions with
particular focus on how to effectively execute ideas. This research uses the waste issue
in Africa, particularly marine litter, as a case study to explore a mPSM (summarised in
Figure 2).

The mPSM focuses on articulating the causes of the problem, for example, plastic
pollution as an environmental issue, and the fragmented initiatives aimed at solving this
issue. It then examines the effect(s) of those causes on the problem, for example, fragmented
initiatives lead to a lack of comparable data on marine litter. We focus on addressing data
gaps of marine litter in Africa with a solution of organisational partnerships to create a
MOOC to develop trusted citizen science and data collection, further equipping citizens with
knowledge and skills to augment EE. We consider how the solution should be implemented
(considering technological, language and partnership challenges). Furthermore, the
implementation process (the ‘how’) is considered within a mPSM.

Plastic pollution is monitored based on size fractionates, with macrolitter (items
> 25 mm) meso- (5 -25 mm), micro- (<5 mm) and nano-plastics (< 1um) (GESAMP, 2019).
Each size fractionate poses different threats to the environment and species (Arabi et al.,
2023), and requires different monitoring methods (GESAMP, 2019). Beach macrolitter
monitoring is ideally positioned to be supported by trained citizen scientists to collect
accurate data, including baseline data, and monitor the effectiveness of mitigation
measures. Beaches are popular locations that attract potential citizen scientists. Beach
litter monitoring is a relatively pleasant and safe form of fieldwork that does not require
complex equipment. With appropriate training, it is relatively simple. Thus, with the proper
training and quality controls, beach clean-ups (where citizens currently collect litter but
not data) can be harnessed into citizen science monitoring (using citizens to collect data
while collecting litter) to collect valuable data and reduce data gaps. Beach litter monitoring
provides a good case study for developing citizen science support platforms, such as
MOOCs, thus harnessing citizen science in data collection while supporting EE.

This MOOC was designed to be a part of a larger course which was based on the book
African Litter Monitoring Manual, 2nd Edition (Barnardo et al., 2023). The book consists of
several chapters each denoting monitoring of either a specific fraction or environment for
monitoring. The MOOC in question dealt with beach macrolitter monitoring.

Africa, considered as a whole, is a multifaceted region in which to work. From a marine
plastic perspective, it is a data-scarce region (Chitaka et al., 2023), yet through South
Africa, it also contains some of the earliest work on marine plastic pollution distribution,
quantification and biota interaction (Hughes, 1974; Shaughnessy, 1980; Ryan, 1988;
Ryan & Moloney, 1990), references the earliest mention of term “microplastics” in the
context of marine plastic pollution (Ryan & Moloney, 1990 referenced in Godfrey, 2020)
and has scientific datasets on marine litter spanning decades (summarised by Ryan et
al., 2020). Similarly, waste production and management vary substantially across Africa,
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with municipal solid waste generation ranging from 0.09 to 3.01 kg per capita per day and
the collection rate ranging from 18% to > 80% of municipal solid waste generated (UNEP
[United Nations Environment Programme], 2018a). When considering economies, Africa
contains both highly sophisticated economies with high GDPs and associated high carbon
footprints (6.4 tonnes per capita), and economies with low GDPs and low carbon footprints
(0.1 tonnes per capita) (Ritchie & Roser, 2020). With 54 countries, over 2 000 languages
and arich tapestry of cultures, one of the beauties and strengths of Africa lies in its diversity
of people. Different languages and cultures allow for different approaches to solutions. The
African Waste Management Outlook (UNEP, 2018a) highlights some of the relevant and
excellent social and technological innovations that have emerged in the waste sector in the
region. Africa’s amalgamation of resources and lack thereof leads to an interesting rise of
local solutions across the region, which should be recognised and supported.

In our case study here, we wanted to ensure that our MOOC did not create barriers to
inclusion based on societal factors. By utilising an inclusive approach, our MOOC aimed to
reach and enhance EE, while collecting data in both franchised and disenfranchised areas.
Thus, the aim was to encourage an increased diversity of stakeholders collecting data,
making waste management decisions and increasing ground-up solutions through increased
agency. By enhancing citizen science scientific capacity, we also increase participants’
potential to think about and act, for a more sustainable future. However, it is noted that to
meet this aim, we need to discuss the barriers that arise from social and economic issues
and language diversity and how we overcame them. These issues in designing a MOOC
are not limited to Africa and can be utilised in other areas to overcome similar issues in a
broader context. Africa provides an excellent space for developing a case study and working
toward positive change and a more sustainable future.

Identifying the cause/s of the problem (Problem: Cause)

Utilising citizen science to tackle plastic pollution in Africa is a multifaceted issue. Firstly
(Cause 1 in Figure 2), though plastic pollution is a global issue, plastic pollution in Africa is
rapidly increasing and is projected to increase faster than in other regions (UNEP, 2018a).
It is, therefore, imperative to utilise all tools available to address plastic pollution on the
continent and its island states. Citizen science is one such tool. However, as described
throughout this article, working in Africa comes with its own set of challenges which need
to be overcome to harness citizen science successfully. It is noted that these challenges are
also relevant in other regions globally. Secondly (Cause 2 in Figure 2), successful citizen
science requires an understanding of the public attitude towards the environmental
issue/s (Gelcich et al., 2014). It may take time and effort to obtain this information, but
the knowledge is crucial to developing and planning the way forward. Thirdly (Cause 3
in Figure 2), there is a lack of trust in professionals and authorities in Africa (Glaeser et
al., 2000; Gelcich et al., 2014; Ortiz-Ospina et al., 2016), so NGOs have a pivotal role in
developing and measuring the effectiveness of solutions. Fourthly (Cause 4 in Figure 2),
initiative fragmentation by multiple organisations utilising citizen science has made it
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difficult to compare and amalgamate citizen science data (Parker, 2015; Unmiiflig, 2011).
Lastly (Cause 5 in Figure 2), barriers such as limited electricity prevent the inclusive uptake
of citizen science and EE. These causes are expanded on below.

Cause 1: Plastic pollution and data gaps in Africa

Plastic pollution is one of the most significant global environmental threats (UNEP, 2021).
It is widely publicised and receives widespread public support.

Though plastic pollution is a global issue, the plastic pollution situation in Africa is
rapidly increasing and is projected to increase faster than in other regions (UNEP, 2018a).
Although some African countries are reportedly among the top marine litter polluters
(Jambeck et al., 2015; Schmidt et al., 2017), relatively few marine litter studies have been
conducted regionally (Chitaka et al., 2023). Global estimates of plastic entering the ocean
via rivers vary from 0.41 to 12.7 million metric tonnes per year (Boucher & Billard, 2019;
Boucher & Friot, 2017; Geyer et al., 2017; Jambeck et al., 2015; Lebreton et al., 2017;
Meijer et al., 2021; Schmidt et al., 2017; UNEP, 2018b). Different models estimating plastic
leakage utilise varying parameters, leading to variations in estimates. Where underlying
data are lacking, estimates of plastic leakage are based on assumptions (Jambeck et al.,
2015). As a result, the accuracy of these estimates has been challenged, with Verster and
Bouwman (2020) indicating that Jambeck et al. (2015) overestimated South African plastic
leakage by as much as six times. This variation in pollution estimates, the uncertainty about
data accuracy and lack of critical data highlights the need for cost-effective monitoring and
accurate field data.

Cause 2: Public attitude towards environmental issues

Behaviour is driven by structural factors like the social, economic and political environment
people are exposed to, and by individual differences in perception and awareness (Beeharry
et al., 2017). Citizen science and EE are useful tools to raise awareness and alter the
perception of environmental issues. Indeed, public concern and willingness to support
initiatives have been shown to increase the more people know and understand an issue
(CLAMER, 2011; Hamilton et al., 2015). In turn, interventions and campaigns aimed
at changing individuals’ perceptions may shift public opinion and increase support for
pro-environmental policies (Allcott & Mullainathan, 2010; Carattini et al., 2019). Public
support is crucial to successfully implementing policy changes (O’Brien, 2013), especially
those requiring behavioural change.

Environmental concerns like plastic pollution are increasingly entering the public
and political mainstream (O’Brien, 2013). However, politicising environmental concerns
often results in unclear messaging, fragmented or opposing efforts to address issues, and
ultimately diminished support for environmental movements (Kulin & Johansson Sevi,
2020; OBrien, 2013; Van der Heijden, 1999). Trust is a fundamental element of public
support and is crucial to sustaining outcomes involving policy and behavioural change
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(Glaeser et al., 2000). Thus, aspects of trust around institutional structures are essential
in considering who should be involved with environmental initiatives, which may include
citizen science or EE.

Cause 3: Lack of trust in professionals and authorities

Trust in institutional authority across Africa depends on the type of institution. Studies
have shown that the African public trusts their neighbours more than their governments
(Glaeser et al., 2000; Ortiz-Ospina et al., 2016). Similarly, government-funded scientists
are trusted less than those working for universities (Gelcich et al., 2014). For example, the
perception of trust for scientists working on the UN Intergovernmental Panel on Climate
Change is lower than when those same scientists represent their universities (O’Brien,
2013).

Across Africa, NGOs are generally more trusted than governments and are perceived
as more effective and transparent than governments (O’Brien, 2013). Furthermore,
despite the lack of empirical evidence, NGOs are believed to be more capable of reaching
poor or marginalised communities more cost-effectively than governments (Ebrahim,
2003; O’Brien, 2013). Considering their positive public image and the fact that NGOs
play a crucial role in collecting data and supporting policy development on a global scale
(Jasanoff, 1997), these organisations are ideally positioned to promote both citizen science
and EE and encourage the participation of local communities in environmental initiatives.
Citizens themselves trust citizen science data (as they trust their neighbours), but policy
and science sectors need to as well. This trust can only be built if the data are proven robust,
for which correct training and checks on the data are critical.

Environmentally focused NGOs are well established in international governance related
to environmental action (Jasanoff, 1997) but less established in their role of reporting
local environmental data in developing countries (Adeyemi et al., 2020). NPOs, NGOs,
Intergovernmental Organisations (IGOs) and research foundations are often (and can be
further) leveraged to gather, and report, valuable data using citizen science (Fraisl et al.,
2020) that can support solutions and policy development.

Cause 4: Initiative fragmentation

The sheer number of initiatives used to address environmental issues often undermine the
success of such efforts. Additionally, potential citizen scientists are confronted by social
media fragmentation competing with users’ myriad interests. Environmental organisations
compete for funding (Khan et al., 2021; Ngandu & Motala, 2019) and the public interest
by working in isolation. As a result, the public is overwhelmed by large volumes of
often conflicting, contradictory, and sometimes inaccurate or incomplete information.
Furthermore, competition for funds and differing agendas result in fragmented and
varying data collection methods. Varying data collection protocols reduce comparability
and combined results between organisations and globally, further diminishing the benefit
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of NGOs and community involvement. Environmental goals are unlikely to be met without
a harmonised way forward.

Cause 5: Barriers to citizen science and EE

The balance between advantages and barriers to citizen science and EE are discussed below.
For Africa to meet waste management challenges, it must recognise and support its
existing ground-up solutions that have either developed utilising existing indigenous
methods or new innovative solutions. It must also prioritise education, capacity building,
and skills transfer (UNEA [United Nations Environment Assembly], 2017). Citizen science,
especially combined with EE, can help achieve all three UNEA goals while addressing
data gaps. Data collected by citizen scientists are valuable as they 1) increase datasets,
2) increase understanding of environmental issues and solutions, 3) provide information for
policymaking, and 4) monitor progress towards meeting the UN Sustainable Development
Goals (SDGs) (Fritz et al., 2019; Gébel et al., 2019). The public viewpoint (Irwin, 1995)
and contribution of scientific data by citizens (Bonney, 1996) in conjunction with an
expert opinion can, therefore, help focus international, national, and local initiatives
on prioritising environmental policy (Jasanoff, 2003). As a result, the invaluable role of
citizen scientists in scientific research is recognised by the UN in SDG 17 “Partnerships
for the goals” (Schade et al., 2021). By involving citizens in data collection, one also begins
to involve them in solutions, specifically when considering beach macrolitter monitoring.
While focused on monitoring (classification and quantification), citizen science allows
citizens to engage with the data, identify potential sources and solutions, thus enhancing
EE. In this way, the citizen scientists can become active researchers developing beyond the
training as they actively grow their capacity, understanding and agency (IWMI, 2024).

The ongoing development of the global legally binding instrument ‘Treaty to End Plastic
Pollution’ (UNEP, 2023) underlines the need to develop quality data of potential indicators
for SDGs. The use of citizen scientists to monitor water quality while advocating for positive
management changes has already proven successful in Africa (Graham & Taylor, 2018; Gule
et al., 2023; IWMI, 2024). Taylor et al. (2022) further develop this concept, highlighting
that citizen science can be utilised to address data gaps for SDG 6 “clean water and
sanitation” specifically. Lavelle et al. (2024) link data from beach macrolitter monitoring
with policy recommendations, including SDG 6, SDG 14 “life below water” and SDG 10
“reduced inequalities”. By harvesting citizen science that collects quality and comparable
data, governments and conventions will be supported from the ground-up. Citizen science
data already contribute to the indicators of the UN SDGs related to plastic pollution (e.g.
indicator 14.1.1) and are recognised for their ability to develop further data (Fraisl et al.,
2020). The role of online learning and its connection to SDGs has substantial potential to
support not only the African region but all regions of the world.

Despite the advantages of citizen science, scientific initiatives are slow to embrace and
fully utilise citizen science projects. Barriers to the utilisation of citizen science include lack
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of funding, lack of consistent training for volunteers, and concerns about the quality of
data compared to data collected by experts (Elliott & Rosenberg, 2019). These challenges
need to be addressed before embarking on citizen science initiatives. Mobile and electronic
learning (also known as m- and e-learning) provides a space to overcome these challenges
for citizen science and develop data collection that supports policy under limited funding
conditions.

Identifying the effect of the problem (Problem: Effect)

The combined issues of plastic pollution, the public attitude towards the environment,
a lack of trust in professionals and authorities, initiative fragmentation, and barriers to
citizen science and EE mean that data gaps, which could be addressed by using citizen
science, persist within Africa, as well as globally.

Significant data shortfalls (UNEP, 2018a) result in poor ineffective policies, and the
inability to measure policy effectiveness. Development outcomes can be improved if data
are collected and used systematically (World Bank, 2020a) to strengthen the science-policy
transfer and support the development of suitable and tailor-made solutions (Stéfen-
O’Brien et al., 2022). While the world’s and Africa’s quest for inclusive development and
poverty eradication persists, little political thought is given to environmental sustainability.
Increasing environmental degradation and pollution is a consequence of this oversight.
A paradigm shift in policies for pollution reduction is needed globally. This is important,
especially in Africa, if it is to reach the Africa 2063 Agenda (Adekunle, 2021). Accurate
comparable data are critical for this.

One way to enhance the effective use of data is to ensure that comparable data are
collected. Data collected by citizen scientists are known to have distinct spatial and temporal
biases, which can create issues for statistical analysis (Callaghan et al., 2019; Gacutan et al.,
2022). To be truly valuable in supporting solutions and policy development, accurate and
comparable data must be collected on local, national, and regional scales.

Identifying the solution to the problem (Solution: What to do)

Solutions to environmental issues must rely on collaboration between researcher,
organisations, and local stakeholders (Stéfen-O’Brien et al., 2022). Marine litter research
has been subject to parachute science in the Caribbean (Stofen-O’Brien et al., 2022), and
it is important to prevent this mistake from occurring in Africa. To overcome the barriers
to citizen science and EE discussed above, Sustainable Seas Trust (SST, an NGO/NPO) and
GRID-Arendal (a research foundation) combined funding and expertise to address the data
and science-policy gap related to marine pollution by creating a free MOOC which followed
the education standards of the African Continental Qualification Framework. By meeting
this qualification framework, the MOOC not only focuses on tackling marine litter, but also
provides a resource for skills development, personal growth and economic empowerment.
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The marine litter monitoring MOOC (available https://learn.sst.org.za/courses/beach-
macrolitter-monitoring/) brings citizen science and EE together to collect valuable data for
decision-makers and equip citizens with the skills to take the data further, identifying causes
(sources) of marine litter and potential local solutions to local issues. The course structure is
designed to take the citizen scientist on a learning journey, beginning with an introduction
to plastic pollution from a global to a regional perspective, transitioning to beach litter
monitoring protocols and data assessments, and then linking into mitigation and policy
recommendations. Temporal and spatial scale discussions introduce the complexity of the
drivers of marine litter and explain why the amount and type of litter may vary between
sites and over time, thus highlighting the value of the citizen scientist’s contribution to
a more comprehensive dataset. After gaining a well-rounded perspective of the problem,
the citizen scientist ‘in training’ is introduced to different monitoring methods that can
be utilised before focusing on beach macrolitter monitoring methodology. At the time of
print, the beach litter monitoring protocols on the MOOC are limited to macrolitter, with
the option of course expansion to the other size fractionates in the future. As such, at time
of print, the MOOC presents a sub-section (macrolitter monitoring) of the African Litter
Monitoring Manual (Barnardo et al., 2023). Macrolitter monitoring requires no specialised
equipment to collect and identify, making it easy to study (GESAMP, 2019). The importance
of global data comparisons is highlighted, explaining why the data are collected as they are.
With an introduction to simple data analysis, the citizen scientists can quantify marine
litter on their chosen sites. This takes citizen scientists further than traditional citizen
science projects, which leaves the analysis to scientists (Dunkley, 2017). By including data
analysis and solutions to marine litter and different approaches in the MOOC, EE processes
are supported, developing the skills of the citizens in identifying specific causes, solutions
and mitigation measures (Wals et al., 2014).

As citizens understand how data can be fed into policy, they understand the importance
of their data in long-term datasets to drive, review, and access change. In essence, the
MOOC is designed to provide citizen scientists with an understanding of the scope of the
problem, the issues it causes, and the drivers of the problem. It also brings in monitoring
to drive action and potential solutions, including solutions the participants may develop.

Although Africa should not be considered homogeneous, we wanted to ensure that
socioeconomic challenges arising from lower-income/infrastructure areas existing
within parts of Africa did not act as a barrier to course uptake by any citizens. Thus, we
identified the potential challenges more pertinent for some areas or countries than others,
highlighting how we overcame them below. In approaching the MOOC as a solution, we
recognised that many challenges are preventing the use of citizen science across Africa.
These challenges must be overcome to gain adequate uptake of the course and allow for the
collection of sufficient, usable, local, national, and regional data (Letseka et al., 2018). Thus,
these challenges were considered in the development of the MOOC. The challenges include
access to technology, different languages and dialects, different levels of skills, and limited
access to the internet.
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Identifying the solution strategy (Solution: How to do it)
Within this mPSM case study, solution strategies are detailed below.

To fully support individual learners the MOOC is situated on a learning management
system (LMS) rather than a learning platform. Thus, the full MOOC needs to be completed,
in full and in order. This not only meets the requirements of the African Continental
Qualification Framework, but also supports each individual learner in an enhanced targeted
learning experience.

It should be noted that the MOOC underwent extensive Beta testing to ensure the
potential technological and language barriers were overcome as planned by the below
strategies. This testing included first and second English language speakers from a variety
of African countries with the demographics of the target market. Feedback used during this
process was used to solve identified issues.

Empowering citizens for a sustainable future

This course takes a structured approach (Callaghan et al., 2019) to citizen science, with clear
objectives and rigorous protocols. By constructing the MOOC with knowledge testing, an
element of data quality control is built in. Continued engagement with course members
on the MOOC LMS is possible by promoting new material or courses and encouraging
students to engage on a forum. The MOOC is thus designed to meet the key elements
(simple protocols, quality control, and engagement) needed for successful citizen science
projects (Rambonnet et al.,, 2019) as well as following an ADDIE+M (Analysis, Design,
Development, Implement, and Evaluate + Monitor) design process for learning material
(Drysdale et al., 2011).

The MOOC focuses on empowering citizens in primarily data collection, as well as
data-driven solution development or support in behaviour change. The MOOC facilitates
structured action (data collection in fieldwork) so that the result (data collected and
learning) have universal application. Thus, the action learning that the MOOC supports
encourages behaviour outcomes needed to tackle marine litter. The MOOC focuses on
practical applications as it upskills participants with the tools needed to conduct accurate
and comparable beach macrolitter monitoring. By then putting these skills into action and
conducting fieldwork, participants can look at their own and other data and develop and
implement solutions to litter items they identify as part of their surveys within their own
lives, communities, countries or region.

Wildlife and Environment Society of South Africa (WESSA) field centres have developed
the 5Ts of Action Learning (O’'Donoghueetal., 2018) as part of their education for sustainable
development (ESD) approach, which supports education for behaviour change as part of a
sustainable future. These 5Ts are Think (reflect and revise), Touch (field encounters), Take
action, Tune-in (plan together) and Talk (dialogue). Though the MOOC is an online course,
it takes these points into consideration, within the constraints of an online, non-group
setting. This is done by creating discussion sections where learners are able to access other
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learners’ thoughts and ideas. By creating the ‘skills to do accurate fieldwork’ (a central aim
of the MOOC), the MOOC creates an environment to foster and support the 5Ts of Action
learning. By developing and encouraging participants to engage on forums, interaction,
planning and dialogue is encouraged. By including data understanding and data-driven
solutions participants are not only encouraged to take action but are also supported in
developing the skills needed to increase their voices in stakeholder engagement. The MOOC
not only teaches the essential skills needed to collect accurate data but also strengthens
the voices of the participants in localised solutions and broader policy development. Thus,
the approach focuses on empowering citizens to create valuable data and supporting EE
processes. This combination supports solution development while fostering the citizen’s
social capital and sense of agency.

Harmonised data collection that is comparable on a national, regional and global
scale is crucial in environmental issues. We ensured adequate comparability by utilising
a subsection of the African Litter Monitoring Manual approach (Barnardo et al., 2023).
Through its definition of beach compartments (e.g. intertidal area) in data collection,
the African Litter Monitoring Manual allows it to be compatible with approaches that only
measure one compartment, such as the OSPAR approach (Wenneker & Oosterbaan, 2010)
or the whole beach width approach (Chitaka & Von Blottnitz, 2019; Meakins et al., 2022;
Okuku et al., 2020; Ryan et al., 2020).

Addressing technological challenges in the region

Technological variability and inequality are global issues but we can learn to overcome
these using Africa as a case study. Technological variation and inequality limit the reach
of citizen science (Pocock et al., 2019). Access to online learning is further hindered as
technology generally relies on electricity. In Sub-Saharan Africa, only 48 % of the population
(547 million people) has access to electricity (World Bank, 2020b). Furthermore, the
electricity supply in many African countries is irregular and unreliable (Ayaburi et al., 2020;
Avila et al., 2017). Regular online learning which requires access to reliable electricity and
stable internet is therefore not suitable in many parts of Africa. Learning must instead be
available offline so that materials can be downloaded when learners have access to internet
(e.g. internet cafés) and accessed offline. This enables learners to complete assignments
offline and upload them later when electricity and associated internet become available.
Mobile or m-learning provides a means to circumvent the challenges of unreliable
electricity since mobile phones have increased internet access across Africa. However,
e- and m-learning remains difficult for some users, as internet access remains costly (Moyoa
& Munoriyarwa, 2021; Wyche & Olson, 2018) and although it has been said that many
Africans lack technological and digital skills (Letseka et al., 2018), Africa is at the forefront
of innovative technological advances such as digital and mobile banking, providing financial
inclusion to millions (World Economic Forum, 2023). These issues are unfortunately
beyond the scope of this paper and the organisations involved. As such, training through

Southern African Journal of Environmental Education, Vol. 41 Issue 1, 2025



Lessons Learned from Developing a Massive Open Online Course to Support Citizen Scientists in Africa 15

m-learning remains the best tool at present to reduce the inequality, marginalisation
and exclusion generally associated with online learning. Our MOOC therefore had to be
developed to be operational using m-learning to overcome regional technological issues.

For MOOC:s to have good uptake in resource-limited areas, such as parts of Africa, it is
essential to ensure m-learning can occur under the above constraints. As such, the following
requirements needed to be met:

B the course operating matrix needed to be compatible with mobile phones, and

® the operating matrix needed the smallest amount of internet data possible to allow
proper functionality.

This second point was achieved by a) using an operating site stripped down to the basics,
without extensive, unnecessary, ideal-to-have functionality, and b) ensuring all course
content, including videos, could be downloaded and accessed using minimum internet data
requirements. Additionally, videos included in the learning experience are not hosted on
the site but can be viewed offline.

Addressing language challenges

The diversity of culture and language is a strength in solution development. However, we
need to ensure it is never a barrier in EE. Cultural and language connections can make
distance learning difficult. Therefore, in language and culture-rich areas such as Africa,
course design must consider effective communication techniques and strategies so that
socio-linguistic variations do not restrict the delivery of ideas nor information. Course
content (textand videos) was targeted at second-language English speakers with appropriate
educational tie-ins. We examined the 1000 most frequently used words in nine African
countries to consider language barriers. Words such as “marine”, “pollution”, and “plastic”
are not featured on the common language list. Therefore, unfamiliar terms, i.e., those not
commonly used, had to be defined, and definitions made readily available. Thus, a learning
site glossary was created, which allows a learner to hover over an unknown word to obtain
a definition. This congenial hybrid learning facilitates learning and reduces ambiguity or
confusion in multilanguage settings.

Value of partnerships and addressing partnership challenges

SST and GRID-Arendal jointly developed an open-access MOOC on beach macrolitter
monitoring for citizen scientists to harness the benefits of community involvement. SST
works regionally to develop and support initiatives to mitigate plastic pollution in Africa,
while GRID-Arendal works internationally, linking science with policy. Both organisations
operate in the marine litter space across Africa and recognise the need to develop regional
litter data collection to support policy and solutions. The two organisations partnered to
work from different perspectives but with the same aim, bringing together unique skillsets
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and sharing funding, technical capacity, expertise, methodologies, and knowledge base to
build comparable datasets on marine litter using citizen science while further enhancing
EE skills.

When combining organisations on an international and regional level, cultural or
structural differences must be considered, including an understanding of the structural
makeup of each organisation and any resulting structural barriers that might arise. A clear
Memorandum of Understanding (MOU) and Memorandum of Agreement (MOA) set out
at the start of the project are vital in ensuring this. Open discussions on realistic targets,
expectations, and limitations are needed. Buffers in time and funding are essential. A
clear MOU and MOA create structural certainty for both parties, as well as involve higher
management initially so resources can be assigned in the set time frame.

COVID-19 offered some unique challenges during the development of this work.
Though the two organisations had worked previously on smaller projects together, this
project involved personnel working together remotely within and between organisations
for the first time. Relationships needed to be built while the work was developed - including
remotely managing filming teams. Awareness and allowance for operational differences
between teams and organisations become essential under such conditions.

On an organisational level, the staff delivering the work needed to be able to work
and deliver the work without fear of damaging the broader relationship between the
organisations. Clear, honest, and frank communications about work quality, deadlines, and
limitations were needed throughout the project. Safe space discussions were crucial and
should be encouraged as they are required to overcome any developing issues. Changes to
initial plans may need to occur as the project develops, which must be communicated to
everyone involved. Lastly, instructions within and between the organisations must be clear
to prevent wasting time and effort.

Way forward

Further work is needed to ensure decision-makers take up the marine litter data. Additional
effort is still required to capture, integrate and disseminate the data and information
collected through this citizen science initiative (Stéfen-O’Brien et al., 2022). This may
be particularly important regarding the ongoing development of an international legally
binding instrument on plastic pollution (UNEP, 2023) and its associated indicators.
Though considering water quality, the work of Pattinson et al. (2023) provides suggestions
for citizen science data compilation utilising data innovation through smartphones for
large cloud-based databases with automated data management and reporting to support
developing countries in achieving their SDGs.

The MOOC was designed to aid citizen scientist in data collection for monitoring plastic
pollution through beach macrolitter, specifically focusing on Africa. However, as noted in
this article, the variation in technological access across Africa and the diversity in languages
and cultures in Africa make it an ideal case study. It is perfectly possible to scale the MOOC
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to other regions. At this stage, the background information section of the course focuses
on Africa, and the education standards follow that of the African Continental Qualification
Framework, but the monitoring techniques taught are compatible globally. It is thus an
option, even at this stage, for citizen scientists from other regions to participate in the
MOOC, contribute to comparable global datasets on macrolitter, and develop localised
solutions. The inclusion of additional monitoring techniques within the course, i.e., for
other size fractionates, also remains an option for the future.

To fully utilise the opportunities available through this work, keeping the course updated
with any potential changes to information regarding plastic pollution or monitoring
methods will be essential. Learner comments regarding their assessment of the course
must be considered, and, where possible, relevant actions must be implemented so that
the course meets any changing learner needs going forward. It will be necessary to fully
assess the reach of the MOOC and the issues and solutions covered in this article when
considering further course development. Course success may be evaluated by the number
of participants, country of participants, data generated, solutions developed, papers or
policies linked to the course, as well as course completion and evaluation through built-in
tests or quizzes.

The MOOC is designed with long-term sustainability in mind. Apart from the potential
updates described above, it can run continuously without additional support from our
two organisations. However, the potential expansion of the MOOC, such as, including
additional monitoring methodologies or other updates described above, would require
additional funding. Additionally, evaluating the MOOC and its success can be considered
an ever-ongoing process, the long-term evaluation of which is not considered part of this
paper.

The MOOC’s design, particularly with regard to this article, has a broader influence than
beach macrolitter monitoring in Africa. Inclusive digital education can be achieved using
digital innovation and inclusivity strategies. Future MOOC designs, whether in Africa,
other regions or on a global scale, would benefit from our approach, our mPSM, and lessons
learnt. Such techniques can mean that EE becomes a powerful tool for collecting reliable
data while enhancing citizen capacity and agency in working towards a greener future. By
removing barriers in the design of MOOCs, digital education can become instrumental in
closing gaps while supporting ground-up solutions through community agency and policy
frameworks.

Conclusion

The mPSM utilised in developing the MOOC used marine litter as a case study to train
citizen scientists to reduce data gaps in Africa. However, the model can be utilised for
other environmental issues and on a global scale. Though this work focused on Africa, the
MOOC itself is relevant to regions outside Africa due to the data-harmonised approach
and challenges we strove to overcome. It is recommended that this model be utilised for
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other environmental issues, MOOC development, and regions with diverse populations
and socioeconomic ranges.

Addressing marine litter requires scientific evidence to support and inform policy
formation and decision-making. In data-limited regions, collaboration and cooperation
among scientists, government, donors, and international and regional IGOs are essential
(Stofen-O’Brien et al., 2022). Using citizen science, supported by an open-access MOOC, is
one way to do this.

Well-designed MOOCs allow the harnessing of citizen science to close data gaps. This
is of particular importance for resource-constrained settings. Additionally, well-designed
MOOCs enhance EE, developing skills within citizens to identify sources and solutions
to the problem. Developing a beach macrolitter monitoring training course provided a
case study for course development. The MOOC was designed to overcome barriers to
e- and m-learning in Africa, such as variable technological access, technical skills, internet
data availability, and language. The institutional partnership in developing the course
was designed to a) take advantage of the different expertise in each organisation without
repeating effort, b) share the financial costs of developing the course so that limited funding
was not wasted, and ¢) enhance local outreach and ultimately provide quality data to help
close data gaps, while supporting citizens in developing a stronger voice and agency for
solution development and implementation.
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