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The Sapelli smartphone application aims to support any community to engage in
citizen science activities to address local concerns and needs. However, Sapelli was
designed and developed not as a piece of technology without a context, but as the
technical part of a socio-technical approach to establish a participatory science process.
This paper provides the methodological framework for implementing and using Sapelli
in the field. Specifically, we present the role of Sapelli within the framework of an
“Extreme Citizen Science” (ECS) methodology that is based on participatory design.
This approach enables Sapelli’s users to decide, with the help of professional scientists,
which challenges they wish to address, what data to collect, how best to collect and
analyse it, and how to use it to address the problems identified. The process depends on
the consent of participants and that the project is shaped by their decisions. We argue
that leaving ample space for co-design, local leadership and keeping Sapelli deployment
open-ended is crucial to give all people, and in particular non-literate people who we
have found are often the most ecologically literate, access to the power of the scientific
process to document and represent their concerns to outsiders in a way that all can
understand, and to develop advocacy strategies that address the problems they identify.
Keywords: citizen science (CS), Extreme Citizen Science, participatory design, Sapelli, non-literate people,
indigenous communities

INTRODUCTION
The current era is marked by multiple social and environmental challenges that human society
must resolve if it wishes to ensure a sustainable and prosperous future (Ehrlich and Ehrlich, 2013).
Challenges of ecological degradation, mass extinction, over-consumption of natural resources, and
climate change require coordinated action across society, something that is well recognised in
reports such as the Global Environment Outlook 6 (Ekins et al., 2019). Environmental problems
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that will document issues raised, agree on the data sets required
to investigate the questions, and the research strategy to
collect the data.
To understand how ECS is positioned with respect to citizen
science activities, we can look at Haklay (2013) typology of four
levels of participation in citizen science. First, “Crowdsourcing”
(Howe, 2006) describes the scientific practice of citizens as
sensors, where the level of participation is minimal and mostly
focuses on access to data recording resources (e.g., the use
of automatic sensing with a mobile phone whilst engaging
in outdoor activities). The second level involves the cognitive
skills of participants. Sometimes referred to as “Distributed
Intelligence,” participants not only collect data, but also analyse
it to some extent, as occurs in Galaxy Zoo where participants
classify images of galaxies (Raddick et al., 2009). At the next level,
participants contribute to problem definition and are engaged
in data collection, although professional scientists control the
development of the protocol, and do most of the analysis. Such
“Participatory Science” approaches usually require the assistance
of experts to ensure that the research is conducted according to
recognised scientific protocols and standards. In ECS research
processes, “Extreme” represents the extremities of the citizen
science process, whereby participants take the lead on all stages
of the scientific process, with professionals available to guide
or support when requested (Figure 1). Taking citizen science
to “extremes” means putting local people at the centre of the
research process: they decide what data to collect, how best to
collect and analyse it, who to share it with, and how to use it.
The methodology of ECS is dedicated to giving all people
access to the scientific method. It brings together scholars
from diverse fields such as anthropologists, conservation
biologists, ecologists, geographers, and data scientists to develop
and contribute to guiding theories and methodologies that
promote citizen engagement to address pressing environmental
issues. With an interdisciplinary research approach, the ECS
methodology aims to provide a set of tools that can be used by
anyone regardless of their background and level of literacy. In
summary, the adjective “extreme” conveys that: (1) all people
can be included in the scientific process, even those who are
non-literate and marginalised, (2) participants are involved
throughout the scientific process, from problem-definition to
problem resolution, (3) it aims to decolonise research by guiding
scientists to act in support of others instead of focussing on their
own projects, and (4) that the tools and methodologies work in
extreme environments such as dense remote rainforests, deserts
or places with limited or non-existent infrastructure, since such
places are often home to important biodiversity. It is critical to
stress that ECS should be seen neither as a critique of, nor in
opposition to other citizen science practices, since there are many
situations in which other citizen science approaches are both fit
for purpose and suitable for participants’ needs and interests.
But how to enable such levels of engagement? Professional
scientists usually conduct their research using a wide range
of precision instruments, tools, and machines to record,
generate, visualise, and analyse data. In our work we supply
non-professional scientists, even when non-literate, with
smartphones—if they do not already own one. Given the range
of sensors they contain, smartphones are extremely powerful

require scientific data collection, as well as multi- and interdisciplinary collaboration to explore and effectively address them.
However, the collection of these data relies on the availability
of methodologies to engage a wide range of stakeholders to
conduct scientific activities. Citizen science, or the meaningful
participation of the general public in appropriate elements of a
research project, such as in the design of a project, or in collecting
and analysing data, or in acting on the results, is recognised as key
to addressing the scale of these environmental challenges (Ehrlich
and Ehrlich, 2013; Daguitan et al., 2019).
Citizen science can be used to address societal problems and
explore fundamental scientific questions at the same time. This
global approach promises to bridge the gap between professional
researchers and interested members of the public by generating
information and knowledge from multiple perspectives (Parlee
et al., 2005; Pulsifer et al., 2012; Johnson et al., 2015). To fully
achieve its potential, citizen science needs to recognise that
scientific insight and discovery can emerge anywhere, regardless
of the topic, and be produced by anybody (Liebenberg et al.,
2017). While citizen science may encompass a wide range of
activities, from data collection to data analysis (Bonney et al.,
2009; Shirk et al., 2012; Haklay et al., 2018), this paper focuses
on the methodology of “Extreme Citizen Science” (ECS) that
specifically seeks to make scientific tools and methods available
to anyone. ECS proposes that all people, regardless of literacy
levels, should be able to benefit from the scientific process,
from the definition of local problems and collaboration in data
collection, to the use of the results to address and resolve issues
identified by the communities themselves. This methodology
has been developed iteratively during 15 years of work begun
by Lewis in Congo-Brazzaville in 2005 and further developed
and refined by the ECS research group since 2010 mostly
working with hunter-gatherer and other rural communities in
Central Africa on environmental justice issues identified by
local participants (Lewis, 2007, 2012b; Lewis and Nkuintchu,
2012), but now expanded to work in over 20 projects with
communities in twelve countries: Congo-Brazzaville, Cameroon,
Central African Republic, DR Congo, Ethiopia, Ghana, Kenya,
Namibia, Nigeria, Zambia, Brazil and Cambodia (see https://
uclexcites.blog/; Skarlatidou and Haklay, 2021 for details).
In contrast with the traditional projects of citizen science, the
professional scientists of ECS work to support others instead
of focussing on their own projects. Characteristically in citizen
science projects, scientists set the research question and then
enlist the public to carry out data collection or basic analytical
tasks, but in the context of identifying environmental justice
issues that are impacting ecosystems and local livelihoods in
remote locations, local communities often have the greatest
insights. That is why ECS scientists begin by asking community
members how they understand the issues they face. As a
consequence, we recognize the importance of ensuring that
participants from the indigenous groups and other local
communities with whom we collaborate retain full control of
the data that they facilitate collecting (Johnson et al., 2021).
Given the dependence of these communities on local ecosystems
for their culture and livelihoods, their concerns often focus
on environmental issues. If they consent to collaborate, ECS
scientists work with participants to refine research questions
Frontiers in Ecology and Evolution | www.frontiersin.org
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FIGURE 1 | Positioning Extreme Citizen Science (ECS) within the scope of citizen science.

they are by non-literate people (Lewis and Nkuintchu, 2012).
By sidestepping the limitations of text, such maps provide
an alternative medium for understanding the problem and
opening up a discussion that avoids many of the barriers to
participation facing local and indigenous communities in places
such as Central Africa. Such maps can become a medium of
empowerment and protest for communities to assert their rights
to resources and territories (Peluso, 2005; Lewis and Nkuintchu,
2012; Özden-Schilling, 2016, 2019). In this way, ECS can support
local citizen scientists to address for themselves the questions that
they initially posed (Haklay and Francis, 2018).
In this paper, we introduce the stages of the ECS methodology,
based on the last 13 years of field experiences of participatory
design centred on the user (Figure 2). This paper focuses on
the deployment of Sapelli as a tool grounded in a methodology
which relies on two pillars: the socio-cultural and the sociotechnological. The former pillar promotes problem definition
carefully adapted to the socio-cultural and environmental context
of the people that are engaged in the process through meetings
and discussions to identify the foci of work (Stage 1), to explore
potential negative and positive consequences to elaborate the
Free, Prior, and Informed Consent (FPIC) process (Stage 2).
The socio-technological pillar incorporates the participatory icon
design and interface evaluation of Sapelli (Stage 3), together with
the Community Protocol (CP) that organises the structures and
needs of the community in order to collect data and to conduct
the research (Stage 4). This approach enables communities to
collaboratively create a Sapelli project that is widely understood,
easy to use, and which meets the needs of local people. The final
stage brings together both pillars to organise appropriate ways to
analyse and visualise the collected data and eventually to act upon
it (Stage 5). We will provide details of each stage, with reference

instruments for scientific research, and their ubiquitous use
among most human populations makes them a most promising
tool for popularising scientific activity. However, to ensure
that local users, such as the Congolese hunter-gatherers we
first collaborated with, are able to use smartphones to address
whatever issues they identify, we have iteratively adapted
interfaces for a smartphone application aimed at scientific data
collection. Since existing applications (e.g., Open Data Kit)
assume literacy, so UCL’s Extreme Citizen Science (ExCiteS)
research group developed Sapelli, an open-source mobile data
collection and sharing platform designed with a particular
focus on including non-literate users with little or no prior
experience of Information and Communication Technology
(ICT)— “non-literate” is a non-judgemental statement of fact; it
differs from “illiterate” which could imply someone has tried to
become literate but failed.
The Sapelli platform plays a central role in facilitating
the main ECS objective—which is to develop theories, tools,
and methodologies to enable any community, anywhere, to
engage in local citizen science research, mostly using a process
of participatory mapping and inventory. From our research
collaborations in the Congo Basin, the Amazon Basin and
in other case studies (https://uclexcites.blog/; Skarlatidou and
Haklay, 2021) maps have proved to be an accessible format
for non-literate people to visualise and analyse the data they
collected using Sapelli, and an efficient and appropriate form of
communication between groups of different power and means
(Lewis, 2012b). The density of information compressed into maps
makes evidence quick to access and visually analyse, without
the restrictions of linear, logical sequential representations
more common in textual documentation that tend to be as
often ignored by busy senior managers and decision-makers as
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FIGURE 2 | Diagram of the different stages of ECS methodology relying on participatory design.

to case studies in Cameroon, Brazil. By focussing primarily on the
ECS methodology to implement Sapelli, we hope to assist others
who may wish to use the approach described here.

computer-GPS unit to overcome their non-literacy. Later, in
Cameroon, together with Nkuintchua, Lewis developed an early
version of the ECS methodology for working with IPLCs based
on FPIC, a project co-design process and an advocacy strategy
to support IPLCs to act on their findings. This approach and the
device were used successfully in negotiations with multinational
timber companies to protect key resources from damage during
logging, and also to document illegal logging activities (Lewis,
2007, 2012b; Lewis and Nkuintchu, 2012). In 2009, Haklay
introduced Lewis to citizen science, and applied his experience
in this domain to guide the development of “Extreme Citizen
Science” (ECS) and the Sapelli suit of tools using much cheaper
and widely accessible smartphones.

SAPELLI
The Origins
The methodology and approach taken in ECS evolved out
of Lewis’ environmental justice and participatory mapping
work supporting non-literate indigenous hunter-gatherers in the
Congo Basin to better represent themselves and their interests to
powerful outsiders such as timber companies and conservation
organisations. These outsiders were given rights over indigenous
peoples’ and local communities’ (IPLCs) lands and resources
by national elites without the consent of the hunter-gatherers
(Lewis, 2012b, 2020). To facilitate the highly ecologically literate
Congolese hunter-gatherers to map their key resources in 2005
Lewis designed icon-driven software for a rugged handheld
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groups in Central Africa may feel challenged by the attention
indigenous groups get and the issues they document. It can
also generate conflict when the causes of environmental damage
are profit building for dominant groups. Regular meetings and
discussions with participating communities and their allies, in
conjunction with the Free, Prior and Informed Consent (FPIC)
process (Stage 2) and CP (Stage 3), help negotiate such risks
by developing strategies to address them, so improving mutual
understanding and trust, and more clearly defining roles and
responsibilities. These discussions are an integral part of the ECS
methodology (Figure 2).
Often after discussion with a third party facilitator, such as an
anthropologist, local community group, NGO or a locally active
conservation organisation, an ECS facilitator arrives to begin
the ECS process. Initial meetings and discussions between the
local community and the professional scientists aim to explore
challenges identified by the local community that ECS can
address. The visit of the professional scientists to a community
should be announced some days prior to the meeting, to both
the community and relevant local authorities. It is crucial for
initial meetings to be facilitated by someone that is a trusted gatekeeper of the community to ensure as much trust and confidence
as possible. During the initial meeting, the professional scientists
carefully introduce themselves and the purpose of their visit. We
have found that an open-ended discussion on issues facing the
local community is the best way to proceed to identify potential
areas in which collaboration might be possible. If issues emerge
that can be meaningfully addressed using ECS the professional
scientists lead a more analytical discussion to identify what types
of indicators the community uses to measure the degree of the
problem, how such indicators are known and shared, and which
actors are implicated in the issues raised. With this information it
is possible to assess the feasibility of an ECS project to address the
issues raised, what risks the project may entail, and what desirable
resolution would be like (Fryer-Moreira and Lewis, 2021).
This discussion lays the foundations for collaboratively
developing the ECS methodology. It reveals both the
challenges that the community wants to address and the
reasons why individuals want to resolve them. Through
such a consultative and deliberative process, the community
highlights what issues it is concerned about. Characteristics
through which the community makes sense of its environment
might include customary laws and rights, their Traditional
Ecological Knowledge (TEK; Berkes, 1999), cultural and
spiritual values, social and ecological norms, but also
traditional management practices of their territorial resources.
All these characteristics are thoroughly discussed in the
community with an emphasis on exploring the ways local
understandings can conjoin with ECS whilst maintaining
the community’s ontological order to avoid these “being
reduced to fit within western concepts”(Reid and Sieber,
2019, p. 216). As far as possible, strategies to assure
participatory parity by addressing any power imbalances
are employed when carrying out this deliberation (by
consulting different groups simultaneously, or creating
multiple break out groups to enable all to express themselves)
in order to create a socially accepted frame of reference
(Lewis and Nkuintchu, 2012).

peoples or local communities, particularly in white settler society
contexts such as New Zealand, Australia, and North America
(Kukutai and Taylor, 2016; Lovett et al., 2019). As a consequence,
we recognise the importance of ensuring that participants from
the indigenous groups and other local communities with whom
we collaborate retain full control of the data that they facilitate
collecting. This is made more complex in our situation because
many of our collaborators have little or no knowledge about the
way data can travel and be appropriated for use in ways that
those who created the data would deem unacceptable. In such
contexts the significance of working with a trusted gatekeeper
cannot be under emphasised. During the discussions to develop
the CP (Stage 4), the community is supported by their trusted
gatekeepers and the ECS facilitators to plan the most effective
ways of using the data to achieve community objectives. As this
often requires sharing data with outsiders, this is clearly discussed
and the acceptable organisations, individuals and modalities for
doing so are noted down in the CP, as well as which types of
data can be shared. The community will often nominate a trusted
gatekeeper to keep them informed about how their data is being
used if they cannot verify this themselves (e.g., in the context of
wildlife law enforcement). Additionally, sometimes new actors
request access to the data. In these cases the trusted gatekeeper or
other person acceptable to the community goes to ask permission
for the new use or change of use. Only if the community gives
consent will the data be used in these new ways. The GeoKey
server that ECS has developed was designed to facilitate this
level of control and protection (Stage 5). The most significant
problem we have faced is that any changes to access or following
up on requests for access can sometimes take months to agree
because of the remoteness and mobility of communities, and lack
of communication infrastructure.

Stage 1: Meeting and Discussions
The ECS methodology is based on the understanding that IPLCs
know themselves and their local area best. In this regard, being
introduced by a trusted gatekeeper and working with local
people in their communities rather than convening workshops in
regional centres or cities is prioritised to tackle local issues. The
role of professional scientists is to support the process of building
a Sapelli project by listening and understanding what IPLCs
identify as the challenges they face, and then supporting them to
focus on issues that they can address using Sapelli. Applying the
iterative and participatory design process ensures that the project
is centred on the needs identified by participants and informed
by their understanding and knowledge of local ecosystems and
their experience within them. Sapelli translates local knowledge
into datasets that can be visualised and analysed through maps.
Adapting Sapelli to local needs and cultural practices is one
challenge of the ECS methodology, as bringing groups with
different backgrounds and cultures to work together requires
sensitivity and care. Professional scientists and local communities
do not necessarily understand environments in the same way.
They do not organise themselves in the same way, nor have
the same patterns of value and trust. The collaboration of local
communities with newcomers, such as professional scientists,
can exacerbate existing tensions related to indigeneity, ethnicity,
and gender, or provoke new ones. For instance, dominant
Frontiers in Ecology and Evolution | www.frontiersin.org
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Theilade et al., 2021). Together with participants, the ECS team
works out strategies to address such potentialities. In this case,
the solution was to create personalised pass symbols to prevent
access to the Sapelli project by unauthorised people. Informed
consent also requires verification that all stakeholders, including
potentially marginalised members of the community, have
properly understood information despite linguistic differences,
literacy levels, and cultural interpretation (Lewis et al., 2008;
Lewis and Nkuintchu, 2012). Finally, the overall FPIC negotiation
process must happen before the community could be affected
by any possible consequences of the implementation of an
ECS project. The earlier the FPIC process is negotiated, the
stronger it becomes.
In contexts where IPLCs may be non-literate, it is still vital
that the FPIC process is synthesised in a form that thoroughly
registers all the outputs of the negotiated points. Although
this is necessarily a document—formalised in the “Community
Protocol”—it becomes a reference point for the cooperation
between the community and the professional scientists. If
necessary or appropriate, it can also be used to explain the work
to local authorities. This document is returned to throughout the
project, and updated, or in some cases, adjusted, as different types
of information come to light.

This is a crucial condition for community engagement as this
shared frame will also become an interpretive framework to help
solve issues that prevent the project from flourishing. In our
experience, the problems selected by communities are related
to their environment and cultural identity. With guidance from
the ECS team as to what is realistic, the community is invited
to specify at least one of the challenges raised and begin to
discuss how it can be addressed using the resources and capacities
of the community combined with local partners and the ECS
approach. This problem definition marks the start of a local
citizen science project.

Stage 2: Free, Prior, and Informed
Consent
Addressing such a challenge will unsurprisingly impact the
lives and livelihoods of the IPLCs concerned by this problem.
The FPIC process assumes that these impacts, which could be
positive or negative, need to be understood by the community
before consent can be requested (Office of the United Nations
High Commissioner for Human Rights (OHCHR), 2005). Lewis
(2012a) describes in detail how to implement FPIC in the field. He
warns us about the different meanings that the concept of consent
can imply. In Central Africa for example, consent emerges from
a long-term ongoing negotiated relationship based on mutual
trust. In other words, consent is a social construction of ongoing mutual satisfaction that can be broken if one party ceases
to respect their obligations. Although different, such agreements
can be documented (using video, photographs, and paper) to
formally recognise them as equivalent to a written contract signed
by both parties.
In a public FPIC process, community and professional
scientists explore and discuss all the potentialities, positives
and negatives, that their collaboration might engender. Careful
attention to mitigation strategies for negative potentialities
must be discussed together with ways to enhance positive
outcomes. Once the community has weighed the pros and cons
and considered mitigation strategies, it can choose to accept,
renegotiate, or refuse to participate in the project. Nonetheless,
far from being only a validation, the consent of the community
must be negotiated in respect of three points: free, prior, and
informed (Lewis et al., 2008). Being able to approve, negotiate
or refuse a citizen science project before it commences, without
pressure or duress, is key to ensure that the community is
“free” and “prior” in its choice to participate. Throughout the
ECS project, the community has the right to say “no” and
to renegotiate or withdraw their consent. If the community
withdraws its consent, their decision is respected and if they
request that their data contribution be deleted this is done since
they own the data. In our experience such undesirable outcomes
are avoided if the community is fully informed; meaning that
they understand both positive and negative potentialities and
have discussed realistic mitigation and enhancement strategies.
A free choice means a well-informed choice (Schlosberg, 2007).
For instance, collecting data on illegal poaching may be beneficial
for the community, but it also involves risks that poachers may
realise the community is monitoring them (Brofeldt et al., 2018;
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Stage 3: Icon Design and Interface
Evaluation
The socio-technological pillar of the ECS method consists of
the material extension of the socio-cultural pillar. It relies on
the meticulous design of Sapelli based on participatory design
(Figure 2). The users and their needs remain at the centre of
the design process (Sharp et al., 2019; Skarlatidou and Haklay,
2021). The role of the professional scientist consists in translating
the user’s data needs based on their broader socio-cultural
and environmental problem definition and local knowledge to
support the community to co-design and co-create appropriate
data collection interfaces.
Sapelli is an open-source project that facilitates data collection
across language or literacy barriers through highly configurable
icon-driven user interfaces. It is designed to be used beyond
conventional western utilisation to enable people with no or
limited literacy to use smartphones and tablets to collect, share,
and analyse data (Lewis, 2007, 2012b). Sapelli is available on the
Google Play Store or GitHub repositories. All the information
needed to build a Sapelli project that is accessible to any user
and adapted to their specific requirements are available on
the website: www.sapelli.org, but developing a Sapelli project
requires basic computer skills. Sapelli is used in a variety of
projects, mostly related to environmental monitoring (see https:
//uclexcites.blog/; Skarlatidou and Haklay, 2021 for details).
It enables communities, regardless of social and geographical
background, to map their environment and document any
problems or threats they face. With Sapelli people can, for
instance, not only report environmental crime, geo-tag valuable
resources, monitor agricultural industries and chemicals, prepare
land claims, but also survey transport users, navigate complex
legal systems, or report wheelchair accessibility. As a result,
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foci when involved in their normal daily activities, so team
members divide up to each accompany a different group as they
walk in the local area collecting data (Lewis and Nkuintchu,
2012), or occasionally using different Sapelli configurations in
controlled usability testing experiments (Vitos et al., 2017). While
walking, the professional scientist discusses with the participants
their experience of using the project, and if participants have
difficulties, confusions or discover that items they wished to
record were not available as options in the decision-tree, this is
all noted. In return the team discusses the issues with participants
and collectively decides how to address them. This often requires
corrections to be made to the Sapelli project. Once the changes
are complete the same field-testing process is applied again
until participants are satisfied that the project addresses all their
needs and expectations. In developing Sapelli, the scientific team
conducted additional usability experiments to test assumptions
built into the technology, to identify barriers that pose difficulty
to users and so improve interaction and the overall userfriendliness of the application (Pejovic and Skarlatidou, 2020;
Skarlatidou et al., 2020). Once the final prototype is approved by
the community, the users can start to organise to collect data.

Sapelli can enable any community to develop a project and
engage in citizen science on almost any topic.
Participatory icon and decision-tree design enables
communities to collaboratively create a bespoke Sapelli project
that addresses their issues. The output is a mobile data-collection
tool that reflects local needs and desires, set up on accessible
digital platforms with customised icons and voice commands.
The first step involves the drawing of the pictogram-based
decision tree for Sapelli. Guided by the community participants,
the professional scientists help to define the specific data types
that need to be collected to address the problem. When the
community relies on outside agencies to enforce the law, or
act on the data the community collects, then these outside
agencies also need to participate in the discussion of what data
should be collected to ensure that they can be used as evidence
to support the community’s objectives. For instance, if the
community wants to address illegal poaching, data might include
dead animals, cartridge cases or campfires, but also elements
such as hidden stashes of ivory. The community, with its rich
contextual understanding and local knowledge, is best placed to
enumerate the key data points they can collect (Stevens et al.,
2014). They are then invited to create drawings on A4 paper,
sometimes simply on the ground. Sometimes photographs are
taken and turned into icons using graphics software, or simply
drawn by members of the scientific team. The drawings are
then digitised and tested on the community for accuracy before
they become part of the Sapelli interface. This icon testing is
done by the professional scientists holding up A4 images and
asking the community to tell them what the image means. If the
image provokes diverse responses, it needs further work. Only
once an image consistently evokes the correct response from
participants is it ready to incorporate into the Sapelli design
(Fryer-Moreira and Lewis, 2021).
Icon design continues by deciding how icons should be
organised in the hierarchical “decision-tree” structure on which
Sapelli is based, so that it makes intuitive sense to participants.
Although based on a hierarchical structure such as those
commonly used in conventional computing applications to
organise information, such structures seem to be understandable
by non-literate local and indigenous people. Nevertheless,
organising data in a hierarchical structure may not always be
intuitive and decisions concerning this structure need to be
explored together with the community and adapted to their
associations. For instance, should the cartridge cases be included
in a different category to poacher’s campfires in the decision tree,
or rather put at the same level (Vitos et al., 2017)? Answering
such a question necessitates input from the community as well
as further testing of different icon configurations to ensure they
are intuitive to users and well-understood.
Finally, the newly designed Sapelli project needs field testing
to evaluate whether there are usability issues which need to be
addressed. Traditional usability studies rely heavily on observing
how people use an interface while collecting feedback to improve
the interface (Dumas and Redish, 1999). To do so in this context,
the scientific team goes out on data collecting expeditions
with different user groups. In many of the communities
that we have worked with men and women have different
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Stage 4: Community Protocol and Data
Collection
Once the Sapelli project is ready to collect data the process
to define who will collect the data, on what terms, when,
and with which equipment must be carefully organised. Once
data is collected how will it be verified and by whom? Once
data is approved where will it be stored and who will get
to see it? Here the FPIC discussions that sought ways to
minimise the potential for negative outcomes and to enhance
the positive ones are an important source of guidance. The CP
seeks to pre-empt as many issues as possible from becoming
problems by discussing them publicly and formalising the way
the community manages them, thereby aiming to ensure the
ECS project has the best chance of achieving the expectations
of participants and is sustainable. As in the FPIC process
and Sapelli design, the CP is a negotiation ensuring that the
community and its decisions are at the centre of the process
(Fryer-Moreira and Lewis, 2021).
The CP codifies participants’ expectations of the project.
It defines the responsibility of individuals as well as the
timeframe of data collection and use. With the help of the
professional scientists, the community decides by whom, when
and how data will be collected, and its quality checked. With
whom will they share their data? What are their designated
partners allowed to do with the data? Who is responsible for
the equipment—keeping phones in good order and batteries
charged? What steps will be taken to minimise the risks
involved when collecting data? The discussion should focus on
three main areas that will support the overall objectives: the
technical support, the logistical support, and the data sharing
protocols. The technical support should be guided by questions
such as what equipment is needed? What are the charging
facilities? What is the level of connectivity for data transmission?
In situations with little technical infrastructure how will this
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As noted above, technological and knowledge disparities mean
that the responsibility for ensuring that the information is
protected and shared under the agreed terms of the CP only
resides with the researchers or field workers who established the
project with the community. Data, and especially sensitive data,
must be protected and used for carefully. In cases where the
data is only used in the field and where data is extracted from
the mobile phones in the form of files, data can be managed
by the field team. In cases where the information is stored on
a remote server such as the GeoKey server, there are several
issues that need to be considered. While the encryption of an
individual record is not yet possible, the database that stores
the information is set on an encrypted drive, and uses a whole
database encryption. Finally, a password is used to protect the
GeoKey server that is linked to the Sapelli project, and only
authorised users can access the data.
Though Community Maps was created with a deliberately
simple design to support community mapping in different
situations and it plays a key role in enhancing collaboration
between groups with different backgrounds and education,
the participants in the case studies described here and others
do not visualise and analyse regularly the data collected in
Community Maps due to, among other, the need of fast internet
speed, email registration (if the data is password protected)
or literacy barriers. This highlights the technological gap that
the ECS methodology aims to address. That is, the need for
a visualisation tool (see below) that, on the one hand allows
for the validation and analysis of the data collected in real
time, regardless of connectivity, and the participant’s level of
literacy, technical skills and previous experience in interacting
with maps. On the other hand, the tool needs to allow for data
sharing between members of the same or other communities
and stakeholders when access to the internet is an option.
Whilst internet access in rural areas in developing countries
is increasing (International Telecommunication Union (ITU),
2020), factors such as internet speed to load online maps or
Earth Observation (EO) imagery, transmit media files, the cost
of being connected, or the storage capacity of the devices (offline
use) must be taken into account when implementing Geospatial
and Information and Communication Technologies (Geo-ICTs)
in such contexts.
Similarly, the volume of freely available high spatial and
temporal resolution EO data is increasing exponentially, and
this brings opportunities for improving the quality of hybrid
base maps (satellite or aerial imagery and thematic maps) which
provide not only critical contextual information to analyse the
data collected in visualisation tools (Altenbuchner, 2018), but
also critical awareness of human impacts on the Earth’s surface
as changes can now be seen from above, sometimes in nearreal time, as never before. The positive impacts of emerging
synergies between citizen science and Digital Earth are widely
acknowledged (Brovelli et al., 2020), but it is worth reiterating
that the democratisation of EO data use is not a reality. It is
important to note that, monitoring land use and land cover
changes at near-real time using manual image interpretation
methods often requires access to recent and very high spatial
resolution (i.e., pixel size less than 1 m2 ), however, such imagery

be assured (memory cards, secure wireless/relay transmission)?
When, by whom and where? What happens if a phone breaks
or is lost? Questions relating to sensitive issues such as what
remuneration participants might receive must be transparently
discussed and collectively decided upon in order to reduce
the potential for misunderstandings and jealousy later. Finally,
the CP clearly recognises that the community own their own
data and so they must define who they allow access to the
data and on what terms, if elements of it can be shared and
on what basis, who will host the data and who is permitted
access to it. Due to the infrastructural challenges that can make
communication difficult or slow, and the lack of literacy among
the majority of the indigenous groups we work with, they can
choose to delegate certain responsibilities relating to their data
to trusted others.
As in the FPIC process, the CP can be synthesised into
a form reflecting the output of the negotiation process. It
summarises all the practices, procedures and rules developed by
a local community to govern their interaction with Sapelli in
their environment and with other people such as government
officials, conservationists, logging companies, local communitybased organisations, the professional scientists, and any other
groups concerned by the project.

Stage 5: Analysis and Visualisation
The final stage brings together the socio-cultural and sociotechnological pillars to consider appropriate ways to validate,
share and act upon the data that are gathered. Our research
has shown that non-literate people do understand maps of their
environment with little or no guidance, especially aerial or hiresolution space imagery (Altenbuchner, 2018). Unsurprisingly,
once they have collected data, participants wish to visualise
it. Not being able to instantly view the collected data was
considered to be a major frustration for participants, which
can demotivate them from collecting further data using Sapelli
(Comandulli, 2021). While addressing this is the current
focus of the UCL ExCiteS group’s further development work,
currently the professional scientists or organisations supporting
participating communities must share the collected information
back with participants. This visualisation on a map is the
last step of the scientific process as the participant will be
able to validate and analyse the data collected, begin to
formulate an answer to their research question, and decide
how to act upon it.

Geokey Server and Community Maps
The data collected with Sapelli Collector can be transmitted to
the GeoKey server and then visualised in the mobile-friendly
Community Maps web map (see www.sapelli.org; https://geokey.
org.uk/; https://communitymaps.org.uk/; Ellul et al., 2009 for
details). GeoKey is an open data infrastructure for community
mapping that provides opportunities for participatory mapping
(Roick et al., 2016). This platform serves as a connecting point
between data collection and data visualisation and provides
the functionality to edit and comment existing data and add
new contributions using points, lines, polygons, text, the Sapelli
Project icons, and media files.
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is currently not freely available, especially in non-urban areas in
developing countries.

Sapelli Viewer
Current research efforts focus on the development of a “Sapelli
viewer,” an application that aims to address the gaps identified
above and enhance the appropriateness of the system in order
to meet the needs of the communities. The challenges are
significant, and expectations must be managed accordingly,
especially considering the limitations of long-term research
(software) projects to address short-term local needs. Sapelli
viewer is designed to allow participants without technical
literacy to view the data that they are collecting (Figure 3).
The final version of Sapelli will bring the data collector
functionality together with the visualisation functionality in a
single smartphone application. Similarly to the data collection
tool, the design, development, implementation, and evaluation of
Sapelli viewer relies on an iterative, participatory design process.
Eventually Sapelli viewer will support end-users, not only to view
and validate the data they collect, but also to explore the data by
running more advanced analysis functionalities such as viewing
changes over time.

TWO CASE STUDIES
Meeting, Discussions, and FPIC Process
in Cameroon
In comparison to the academic landscape when Linda Tuhiwai
Smith’s Decolonising Methodologies was first published in 1999
(Smith, 1999), the rights of communities involved in research
projects or other forms of interventions is a subject that
is now receiving a significant amount of attention (Tilley,
2017; Kouritzin and Nakagawa, 2018; Brittain et al., 2020).
Those who are most vulnerable to negative outcomes of
such work are often indigenous and local communities, and
several international mechanisms serve to provide protection
and best practice, particularly the United Nations Declaration
on the Rights of Indigenous Peoples (UNDRIP). The key
foundation of UNDRIP is the FPIC process, intended to
ensure that communities have the opportunity to consider
and either accept or deny proposals that will affect them
(United Nations, 2007). Implementing the process of FPIC is
not a simple matter of box ticking, but a purposely long,
ongoing, and open discussion (Lewis, 2012a). The process
does, unfortunately, get abused (see, for example, Clarke,
2019) which is perhaps no surprise given that UNDRIP is
not legally binding (though other mechanisms which support
FPIC such as the Convention on Biological Diversity and
International Labour Organisation Convention are) and it can be
at odds with the interests of extractive industries (Franco, 2014)
and settler-dominated governments such as the United States,
Canada, New Zealand, and Australia who voted against the
adoption of UNDRIP.
In Cameroon, indigenous Baka communities are rarely
consulted in interventions that will affect their lives and their
forest (Pyhälä, 2012). The emphasis on extracting wealth from
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FIGURE 3 | Sapelli viewer (prototype with basic viewing functionality).

Cameroon’s rainforests and wildlife, often to the detriment
of Baka and other local communities’ territories, resources,
health, and wellbeing continues to accelerate despite increasing
awareness of this. Their marginalisation from local, national
and international elites’ decision-making processes, and their
continued disregard by international development organisations
reveals the widespread discrimination they face and that FPIC
methodologies are rarely applied (Lewis, 2020).
Since August 2016, the ECS group has been carrying
out citizen science initiatives alongside indigenous Baka
hunter-gatherer and local Bulu farming communities in the
south-eastern forested region of Cameroon in collaboration
with the Zoological Society of London (Hoyte, 2020) and
the World Wide Fund for Nature (WWF). Twenty-two
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wildlife crime in their localities and the empowering effects of
involvement: “What we could not openly speak about, we can
now report.”

communities around two key areas in the South and East
provinces of Cameroon were consulted on their use of the
forest and their associated concerns. This formed the beginning
of the FPIC process, following the methodology described in
Lewis (2012a) and Lewis and Nkuintchu (2012), the project
was not pre-designed or imposed upon communities, but
rather time was spent understanding local concerns and
building trust. Researchers, rather than community members,
had to adapt to local decision-making processes, such as
allowing the space and time for Baka egalitarian structures
of collective discussion to take their course. The project
was introduced in communities where anger over illegal
wildlife trade or exclusionist conservation was evident and
community members expressed the wish to be involved
in addressing such issues, totalling 13 communities out
of the 22 consulted, and engaging with roughly 78 active
community members.
Community input was continuously encouraged, and as
Sapelli software was co-designed over time, community members
were consulted on why certain aspects were important and what
the function was. This culminated in a broad range of socioenvironmental attributes for which data would be collected, from
wild fruiting trees to poachers’ camps, to births and deaths
in the village and the documentation of forest spirits. A key
focus was on ensuring that those involved understood both the
potential benefits and risks of involvement. In such a corrupt
context as Cameroon, it is common that envisaged benefits
simply do not materialise and discussing this possibility in
an open way avoids raising unrealistic expectations. Similarly,
risks of safely managing expensive technology (one smartphone
per community), collecting data on sensitive matters amongst
other risks must be explored honestly and mitigation measures
established together. Although the FPIC process continues
throughout the life of the initiative, an FPIC agreement was
signed or recorded which detailed these complexities as well
as the right of community members to change or leave
the initiative at any time. Direct impact, on reducing the
wildlife trade in particular, is hard to quantify, partly due
to a lack of quantitative data in relation to the trade in
Central Africa in general. However, testimonies from law
enforcement staff attest to the direct contribution of citizen
data to inform local forestry authorities, law enforcement
patrols and international agents (TRAFFIC, Interpol) on the
types of activities, frequencies and parties involved in poaching
and trafficking for the illegal wildlife trade. It is used to
guide the Ministry of Forestry (MINFOF) enforcement officers
on the ground, increasing teams from 6 to 8 members or
extending their duration. Some MINFOF control posts have
been relocated to better tackle traffickers and camping, and
patrolling materials for mobile staff have been improved upon.
These actions have had tangible results: seizures and arrests
have increased due to discrete and precise information supplied
through the local community networks. Between 12/2017 and
08/2020, 36 arrest incidents, sometimes of multiple perpetrators,
and 19 seizures without arrests were recorded. Communities
themselves, through an evaluation methodology known as
Most Significant Change, have testified to the reduction in
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Icon Design, Interface Evaluation and
Community Protocol in Brazil
The communication between researchers or practitioners and
local people is not as straightforward as most conservation or
development initiatives assume it to be. Cultural or language
barriers often create challenges to projects, even when the
objective is to support local communities themselves. To mitigate
this during the implementation of Sapelli it is vital to allow people
sufficient time and information to choose the best strategies, icons
and decision tree that best represents their own reality. This case
study from the Western Border of the Pantanal wetland, Brazil,
illustrates this well.
Between the 1990s and early 2000s several traditional fishery
communities in the region were displaced from their original
settlements due to the creation of strictly protected areas in
the region (Chiaravalloti, 2019). Conservation managers accused
them of overfishing local fish stock (Franco et al., 2013).
Supported by a local development human rights NGO, local
fishers decided that it would be important to present their
understanding of how they manage resources in the region and
the boundaries of their traditional territory. Thus, Sapelli was
employed to support local people to record their fishing strategies
and the boundaries of their community territory in a scientifically
valid way. Between January and July 2014, the ECS was adapted to
local people’s needs and between August 2014 and February 2015
two families of fishermen collected data. Four smartphones were
brought to the local communities and people were trained how
to use it, since most of them did not have previous experience
with smartphones.
However, although the goal of the project was very clear,
and the lead researcher had long experience working with local
people, the first prototype created for them to record the data was
not understood by local people. Participants found it challenging
to navigate across several screens to record a single item in a
specific geographic location. Thus, a new version of Sapelli was
co-developed which included a simplified decision-tree, reducing
the steps before reaching the end of a branch of the decision tree.
After reaching community consensus on the data collection
process in the new Sapelli project, another major interaction
barrier emerged. The first version of Sapelli was built using
pictograms with caricatured images of the monitoring target
(fish and crabs). This was a mistake, as the ecological knowledge
of the fishers was very detailed, and they complained that the
pictograms were too imprecise (Lewis, 2012b; Nyadzi et al.,
2020). However, local fishers thought that the pictograms
were too imprecise to accurately represent the fish or bait
they were seeing. So they asked to have pictograms that
precisely represented the key identificatory features of the
actual species they sought to monitor. The pictograms
were then replaced with scientific illustrations of the two
most common fish (Pacu—Piaractus mesopotamicus and
Pintado—Pseudoplatystoma corruscans) and two most common
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One important difficulty that we have experienced is a
result of combining a project that is fundamentally researchcentred with instigating direct action on the ground. Whilst
implementing Sapelli projects comes with many challenges
these are integral to the research and interesting to document
and eventually work to address. However, the very nature
of Sapelli is to be deeply embedded in the concerns and
priorities of communities, and to resolve these often requires
action on the part of authorities that have little interest
in attending to community concerns. Nkuintchua developed
a specific advocacy methodology to address this (see Lewis
and Nkuintchu, 2012) that includes peer-to-peer meetings
between participating communities to develop shared messaging
and engagement strategies with official representatives. When
conducting meetings where community representatives present
their data, we invite line managers or bosses to meetings with
officials. When sensitive data such as criminal activities are
being presented it is necessary to incorporate external oversight
into meetings. This is most effectively achieved by inviting
funders and other influential individuals to attend to ensure
conversations remain constructive, positive, and collaborative.
Expectations for the technology we experimented with also
presented problems. People expect gadgets and software to work.
When things malfunction and a “quick fix” is not possible due to
a lack of resources (most often access to a software developer),
external collaborators and community members can get quickly
frustrated. The expectations of community members and incountry partners, who may often presume that the technology is
faultless have to be managed appropriately from the outset.
Developing a fully functional project requires considerable
commitment in time, effort, and relative costs (e.g., the cost
of smartphones and access to the mobile network, and the
cost of the installation and use of GeoKey). These elements
cannot be quantified since they depend so much on the context
the collaborating communities find themselves in. The work of
listening to the issues they identify and co-designing a Sapelli
project, then working through the CP as described here can be
achieved in a relatively short time depending on the context
- sometimes in just a few days. However, the relationship is
ongoing and there will still be a need for regular contact with
the community to troubleshoot technical issues, adapt software to
new scenarios, incorporate new items for data collection, inform
them of new requests for access to the data they collected, or of
new uses of it that could be to their advantage (e.g., incorporating
elements of it onto an online platform) to support. While these
are predictable inputs, by far the most time consuming and
unpredictable elements have been in identifying partners to
support achieving community goals (e.g., the Ministry of Forestry
in Cameroon) and the negotiations that this entails.
Our case studies have shown that all ECS experiences
have not fully succeeded in the way they were intended. The
main limitation of the methodology is the complexity and
unpredictability of the networks of relations that professional
scientists need to cultivate and maintain to achieve communitydefined objectives. In conjunction with close and ongoing
relationships with local participating communities, effective
working relationships are required with government and

bait fish (Tuvira—Gymnotus sp. and Caranguejo—Dilocarcinus
pagei) in the Pantanal (Chiaravalloti, 2021).
The last challenge was related to the lack of infrastructure
in the region. The community is located in an isolated area of
the Pantanal wetland where there is no electricity nor phone
and internet connection. Therefore, instead of programming
the software to send the data through wireless connection,
an intermediary had to, every 20 days, bring a laptop to
the community, download the data from the phones, return
to the office, up-load the data onto a mapping platform,
print out the maps, and return the data to local people for
verification and approval.
Although the whole process of adapting the software,
returning, and verifying the data, and explaining the results to
local people was time-consuming, fishers felt their territory was
well represented on the maps. Supported by local NGOs, the
results were presented to the Federal Prosecutors’ Office in Brazil,
who validated the claims the fishers had made using Sapelli data.
The maps they had created from collected data were so persuasive
that the Federal Prosecutor demanded that the protected area
managers respect the boundaries of the fishers’ territories as
represented on the maps they had made. After 4 years of
negotiation, local fishers gained official tenure rights to a large
part of their territory (2,000 km2 ). Although it does not fully meet
their needs, it was an important victory in terms of community
empowerment and ensuring sustainable livelihoods for them.

INSIGHTS FROM THE CASE STUDIES
The strategy of ECS is based on the principle that the local
community, with appropriate support when needed, is best
placed to lead the process of solving the challenges it faces. To
get the most out of this process, regular communication between
stakeholders must remain at the core of the citizen science
activity. In ECS, participatory design assumes that reciprocal
recognition and status equality between the professional and the
non-professional scientists enable them to build a flourishing
and resilient long-term cooperation. The methodology of ECS
deployment is therefore open-ended and deliberately leaves
ample space for co-design, co-creation, local leadership, and
capacity building. We believe that this approach is adapted to give
all people, including non-literate people, access to science and the
capacity to take action on issues that they are concerned about.
However, the ECS methodology has its limitations. It should
be clear from our different case studies that each methodological
stage is heavily influenced by the specific context. Local
conditions are constitutive parts of the ECS methodology which
is designed to be flexible enough to adapt to these variables.
Thus, the ECS methodology is first and foremost explorative,
experimental, and cumulative. To implement Sapelli in the field,
professional scientists have to face uncertainty in terms of what
the community and the context will require of them and avoid
“railroading” the process to their conceived goal. They need to
deal with slow starts, unexpected changes, expect setbacks and
deal with the slow process of building trusted relationships.
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enforcement agencies, businesses, conservation, and other locally
present organisations, in order that appropriate follow-up actions
occur. To promote sustainable collaboration, it is therefore
important that professional scientists partner with intermediaries
who can provide support and maintain connections with
local communities and the other stakeholders when they
are absent. Professional scientists must also ensure that the
local communities are updated if the ways that the collected
information will be used or the implications of such use change
after the original FPIC and CP discussions. Due to the power and
knowledge differences, it is the responsibility of the professional
scientists or whoever participating communities have nominated
to act as custodians of the information, to act in good faith,
and respect community consent as an ongoing process, and
never completed.
Such factors impose limitations on the use of community
collected information, but this is in line with an ethical
commitment to the participants. Finally, professional scientists
must provide regular feedback and have in place the means
to share important information with participants in a timely
way. The development of Sapelli viewer will contribute greatly
to enabling participants to visualise and analyse their data on
maps while giving them more autonomy to create dialogues not
only with professional scientists but also with other communities
and stakeholders.

organises and outlines the data collection and data sharing
process by taking into account the material, institutional
and environmental constraints (Stage 4). Finally, the collected
data are shared with those individuals or organisations that
participants have permitted to view it. A visualisation tool named
Sapelli viewer, currently under development, will enable people to
visualise, validate and analyse their data and eventually develop
actions based on these analyses (Stage 5).
In outlining the ECS methodology in this paper, we wish to
emphasise that this methodology is open-ended so that others
who may wish to use the approach, can adapt or improve it
according to their project specificities and local contexts of use
[see https://preylang.net/for a very successful adaptation, also
described in Brofeldt et al. (2018) and in Theilade et al. (2021)].
Worldwide, there are 1.3 billion forest-dependent people whose
territories protect much of the remaining biodiversity on Earth
(Sobrevila, 2008; Pretty et al., 2009; Porter-Bolland et al., 2012),
a rural population of 3.4 billion and more than 750 million
adults, of whom two-thirds are women, who are unable (or
choose not to) to read and write (UNESCO, 2015; Macqueen
and Mayers, 2020). Sapelli has great potential to be deployed in
multiple contexts, and to empower people to explore and tackle
the challenges they face locally.

CONCLUSION

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

DATA AVAILABILITY STATEMENT

This article provides an overview of the participatory design
process used in Sapelli-based ECS projects in the field. The
methodology of ECS starts with a dialogue to identify the needs
and concerns of potential participants in their local community.
If these concerns might be realistically addressed using ECS,
professional scientists work together with local people to design
an ECS project and support them to implement it in their
community to address issues of local concern. Although potential
implementations of the technology and the process have been
developed in contexts in which technical and literacy levels are
low, the process has also worked well when collaborating with
highly educated participants such as wheelchair users in London,
or environmental lawyers in Ghana.
We have outlined the five main stages in the design process
that can enable people to develop and run a Sapelli project.
An active collaboration between professional scientists and
local communities through meetings and discussions (Stage 1)
addresses the socio-cultural context in which the community is
living, and identifies the challenge/s the community wants to
address using an ECS approach. The FPIC process (Stage 2)
ensures that the community is aware of the possible negative
or positive consequences if they decide to participate in the
ECS project, and how these can be mitigated or enhanced.
This characteristic of open negotiation is extended into the
technological design and implementation methodology of the
Sapelli project. The Sapelli decision-tree and icons are then
designed following people’s recommendations through icon
design and interface evaluation (Stage 3). The CP thoroughly
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