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Abstract

Background: In sub-Saharan Africa (SSA), which experiences a disproportionately high cardiovascular disease (CVD)
burden, population-based screening and prevention measures are hampered by low levels of knowledge about
CVD and associated risk factors, and inaccurate perceptions of severity of risk.

Methods: This protocol describes the planned processes for implementing community-driven participatory
research, using a citizen science method to explore CVD risk perceptions and to develop community-specific
advocacy and prevention strategies in the rural and urban SSA settings. Multi-disciplinary research teams in four
selected African countries will engage with and train community members living in rural and urban communities as
citizen scientists to facilitate conceptualization, co-designing of research, data gathering, and co-creation of
knowledge that can lead to a shared agenda to support collaborative participation in community-engaged science.
The emphasis is on robust community engagement, using mobile technology to support data gathering,
participatory learning, and co-creation of knowledge and disease prevention advocacy.

Discussion: Contextual processes applied and lessons learned in specific settings will support redefining or
disassembling boundaries in participatory science to foster effective implementation of sustainable prevention
intervention programmes in Low- and Middle-income countries.
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Plain English summary
Death and illnesses due to heart-related diseases is
higher among people living in countries in African re-
gion compare to those in other regions of the world.
Screening and prevention of heart-related diseases are
usually hindered by the low levels of knowledge about
these diseases and the factors causing them, and the be-
lief that these diseases are not a threat to most people in
African communities. This paper describes the processes
for conducting a research that will engage members of
the communities and beneficiaries as ‘citizen scientists’
to participate and lead in research initiatives. In this re-
search, community leaders will engage trained citizen
scientists who were recruited by their communities, to
interview and learn how the people in their rural and
urban communities consider, interpret and communi-
cate heart-related disease threat and health risk. The
country local research teams will train the citizen scien-
tists to make use of mobile phones to gather informa-
tion, and to learn together to generate knowledge and
understanding to support disease prevention. The re-
search team and citizen scientists will conduct commu-
nity and stakeholders’ engagement and consultations to
co-develop relevant prevention programmes for their
communities. The important steps and the lessons
learned in specific settings will support effective partici-
pation in research that will enable countries to identify
and promote prevention programmes that are culturally
suitable in low-income communities in Africa.

Background
As the cardiovascular disease (CVD)-related death rate rises
globally, sub-Saharan Africa (SSA) has a disproportionately
high CVD mortality burden [1, 2]. Primary prevention of
CVD targeting early identification and treatment of high-
risk individuals is a proven strategy to reduce CVD burden
globally [3, 4]. However, in the SSA region, effective
population-based screening and prevention measures are
hampered by the generally low levels of knowledge and
awareness of CVD and associated risk factors, and often in-
accurate perceptions of severity of risk [5].
Our previous research has demonstrated that commu-

nity health workers (CHWs) in four Low- and Middle-
income countries (LMICs) were able to accurately screen
members of the community for CVD risk using a simple
risk assessment tool, and do so more efficiently with the
aid of a mobile phone app [6–8]. However, a small pro-
portion (< 37%) of persons screened and referred for
care during the study actually attended clinic for follow
up in each country [9, 10]. A number of reasons for this
were identified, including health system obstacles, in-
accurate perceptions of severity and risk of CVD, lack of
trust in CHWs to conduct CVD risk assessments, and
inconsistent referral to the health system. Qualitative

studies in South African low-income communities have
shown that community understanding of the concept of
CVD risk could be a barrier to uptake of screening [10,
11]. These findings suggest that current methods of edu-
cating communities about CVD risk, often presented to
people in the form of statistics (i.e., numbers, percent-
ages and probabilities) and communicated numerically
using bar graphs, risk tables, and heart age, may not be
well understood. This may lead to confusion and re-
duced patient actions.
In light of this situation, there are benefits to strategic-

ally involve communities at risk of CVD in developing
strategies and resources to enhance their understanding
and the perceived relevance of CVD risk screening [12,
13]. Exploring CVD risk perceptions, communication,
and how these affect behaviours (such as participation in
risk prevention activities and care-seeking) has received
little attention in LMIC communities [5, 12, 14]. It has
been shown that projects that take a more grounded, co-
creative approach where scientists and citizens partici-
pate together in the conceptualization, data gathering,
and generation of different forms of knowledge to create
new understandings and a shared agenda, can increase
results-oriented scientific participation and co-creation
of sustainable solutions by local communities [15, 16].
Citizen Science and similarly inclusive approaches like

participatory action research (PAR) offer methods to in-
crease the participation of community members in pub-
lic health research. These methods have the potential to
improve scientific knowledge by adding lay, local and
traditional knowledge to more typical quantitative scien-
tific methods, and can in addition, empower citizens to
take social action through novel science to improve
community health [17, 18] (see Fig. 1, below).
Citizen science originated in natural science fields, in-

cluding biology, meteorology, conservation and ecology
[20, 21]. It is a broad concept which often has included
at least two distinguishable types: “contributory citizen
science”, where citizens are approached to collect data
and sometimes assist in data analysis; and “democratised
citizen science” [22]. The latter type is based on the
premises that science should be responsive to citizens’
concerns and needs; that the process of producing reli-
able knowledge can be developed and enacted by citi-
zens themselves; and that the local, contextual and real-
world knowledge of citizens can be invaluable for gain-
ing a more ‘complete’ understanding of a phenomenon
and in finding real solutions to complex problems [18,
23]. With its emphasis on robust community engage-
ment, participatory learning, co-creation of knowledge,
and advocacy for social action, this definition of citizen
science is very closely aligned with participatory action
research (PAR), which has been widely used in the field
of public health [19, 24].
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This study protocol describes the background and
methods for implementing community-driven PAR,
using an adaptation of the citizen science approach to
explore CVD risk perceptions and develop community-
specific advocacy and prevention strategies in rural and
urban SSA settings. The current study is part of a larger
project (Collaboration for Evidence-based Health Care
and Public Health in Africa - CEBHA+) intended to
develop evidence-informed policies and practices on
screening approaches for hypertension, diabetes, and
those at high risk of CVD in SSA communities [25].

Methods
Theoretical framework
The planning of this study has been based on the princi-
ples of PAR and citizen science, which overlap both in
terms of philosophy and research methodology. PAR has
been defined as “a philosophical approach to research
that recognizes the need of persons being studied to par-
ticipate in the design and conduct of all phases (e.g., de-
sign, execution, and dissemination) of any research that
affects them” [26, 27]. The purpose of PAR is to foster
capacity, community development, empowerment, access
and social justice, and it has been widely used in public
health, education, community development, agriculture
and social work [27]. It is seen as a transformative process
whereby researchers and participants co-create knowledge
while developing a sense of community, educating each
other by negotiating meanings and raising consciousness
[17, 28].
Den Broeder’s (2018) descriptive framework of citizen

science project characteristics provides the most recent

integration of the different conceptualisations of citizen
science [19].
As seen in Table 1, the first characteristic is the aim

of the project; the second, the approach; and the third,
the size or scope. Thus, there can be varying aims and
levels of citizen engagement from A, level 1) “extreme
citizen science’”, where citizens take charge of problem
identification, research and knowledge production and
professionals are not included to any great extent; B,
level 2) “participatory science”, where citizens and
researchers, NGOs and policymakers collaborate in
decision-making and in co-creating relevant
community-based interventions; C, level 3) “distributed
intelligence”, where citizens are trained to collect, ana-
lyse and interpret data; and D, level 4) “crowdsourcing”.
Here, through participatory method information or in-
put on a particular issue or project are obtained by
enlisting the services of a large number of people, typic-
ally through web/internet.

Study design and study population
The primary aim of the current study is to describe the
background and methods for implementing community-
driven PAR, using an adaptation of the citizen science
approach to explore CVD risk perceptions and develop
community-specific advocacy and prevention strategies
in rural and urban SSA settings. The study reflects par-
ticipatory action research using citizen science processes.
The research project design and work flow are presented
in Fig. 2. These involve a systematic process that will
begin with community engagement and consultation
meetings, then fact-finding survey, and focus group

Fig. 1 Effects of citizen science on health, health governance and knowledge system [19]. Adapted from Den Broeder et al. 2018, page 511
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discussions, and will end with citizen science processes
and advocacy.
The study will be conducted in four African coun-

tries– Rwanda, Malawi, Ethiopia and South Africa. Two
communities (rural and urban) are being purposively
selected in each country, making a total of eight com-
munities). The study communities are considered as
catchment areas of a designated health centre with
which CEBHA+ will partner for the planned population-
based CVD risk screening and care using CHWs. The
selection of the communities is dependent on the deci-
sions reached by the community stakeholders during
their community engagement consultations, and this
decision will also consider the prevalence of non-
communicable diseases (NCDs) in the study communi-
ties. The target population consists of men and women
from lower socio-economic status (SES) communities,
aged 18–65 years. The age limit was agreed upon by the
project team, basically considering economically pro-
ductive years in African setting.

Sampling of study participants
In each country, 8–12 villages are being purposively se-
lected from the rural and urban study communities. A
minimum of 12 community members (at least six from
each study site) will be recruited and trained as citizen
scientists from the two communities within each country.
Recruitment will be done with the help of community
stakeholders (which will include local community organi-
zations, leaders, and/or relevant non-governmental orga-
nizations) during a community consultation meetings in
the selected countries.

Capacities of the research teams
Two of the investigators (KO, EL) are members of the
Our Voice Global Network for Citizen Science and

Health Equity, developed by researchers and community
engagement experts from Stanford University (ACK, AB,
SJW), and have been involved in the design and imple-
mentation of Citizen Science projects and evaluation.
NL had led the researchers in the Chronic Disease Ini-

tiative for Africa (CDIA) of University of Cape Town to
implement CVD risk screening assessments in commu-
nities of four LMICs, namely, South Africa, Guatemala,
Bangladesh, and Mexico [7, 9]. KO and three researchers
from CDIA have conducted further trainings with mem-
bers of the research teams in the countries during regu-
lar virtual meetings and in-person visits.

Engagement and capacity development for country
research teams
Initial engagement with the project teams has been
undertaken in three of the countries (Rwanda, Malawi,
and Ethiopia) following the approval of the research by
the respective country ethics committees. Engagement
took the forms of discussions and collaborative network-
ing during annual CEBHA+ Research Network meetings
that have taken place in Tanzania in 2017, Uganda in
2018, and Malawi in 2019 – following brief stakeholders
mapping. To further enhance the skills for implementa-
tion and coordination of the study in the respective
countries, capacity development of the country research
teams will be undertaken using on-site training visits,
and virtual and engagement interactions through Skype,
Zoom, Microsoft Teams, telephone calls, etc. KO also
visited each participating country to conduct onsite
training of project teams on designing country-adapted
citizen science approaches, including co-designing spe-
cific data collection tools, the mobile data collection sys-
tem, and data analysis, presentation and advocacy.
The research team from CDIA will be providing

further capacity development and harmonization of

Table 1 Citizen Science descriptive characteristics (Adapted from Den Broeder et al. 2018, page 507)

AIMS 1. Investigation: aimed at answering scientific questions

2. Education: aimed at educational goals

3. Collective goods: public health, management of infectious disease, protect and manage natural resources

4. Action: citizens and scientists collaborate to address local concerns through advocacy and community engagement

APPROACHES A: Extreme (absolute) Citizen Science: Citizens in charge from problem definition, data collection and analysis, to interpretation
and knowledge development

B: Participatory Science: Participation of citizens in problem definition and data collection

C: Distributed Intelligence
a. Citizens as basic interpreters
b. Volunteered thinking

D: Crowd Sourcing
a. Citizen as sensors
b. Volunteered computing
c. Group-based reasoning and advocacy

SIZE 1. Local
2. Mass
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training of the citizen scientists, each country research
team co-designed the interview tools (EpiCollect Ques-
tionnaire) with the citizen scientists.
EpiCollect application has been extensively used in

citizen science projects to support user-friendly data col-
lection in poor-resource settings [31, 32]. It also sup-
ports managing project data collectors and participants,
and, viewing, and retrieval of data. This application is
comparable to ‘Our Voice’ Discovery Tool developed by
the Global Citizen Science for Health Equity Research
Initiative, Stanford University, USA [18]. The EpiCollect
5 (https://five.epicollect.net) was chosen by the project
team for data collection, as a secure open-sourced appli-
cation considered as an easy-to-customise and easy-to-
use mobile application suitable for use in low-income
settings.
The EpiCollect 5 app is designed by the Imperial Col-

lege London, and the Big Data Institute at Oxford Uni-
versity (https://www.bdi.ox.ac.uk) and hosted on the
world-class cloud hosting provider, Digital Ocean
(https://www.digitalocean.com). It is fully GDPR (Gen-
eral Data Protection Regulation) compliant. Data col-
lected will be a secured repository in each country, and
only accessed by the designated project team staff. The
data will be retrieved and analysed by each country for
country-level advocacy purposes, and later on data will
be jointly analysed for all countries.

Citizen science data extraction and analysis
Once the citizen scientists have completed data col-
lection they will participate in a one-day data extrac-
tion/analysis meeting to facilitate their working
together to learn, review and interpret the data col-
lected, and refining the methods of exploring CVD
risk perception. Data extraction and quick analysis
will follow the steps presented in Table 3. Similar to

evidence-based participatory citizen science methods,
such as Our Voice, from which the overall study
methods were adapted [33, 34], citizen scientists will
work together to agree on interpretation and commu-
nication of findings with the assistance of the qualita-
tive researcher(s).
The first specific objective of this session is to con-

duct simple analysis of the findings of the pilot data
collection (fact-finding). Simple analysis methods that
will be adopted include discussing individual narra-
tives and the pictures in groups of 3–5 citizen scien-
tists, summarizing priority issues, and documenting
these using cardboard and flip-charts. The second
objective of this session is the sharing of the findings
of the FGDs (in a summarized format) with the citi-
zen scientists by the qualitative researchers in order
for them to identify and agree upon the common
themes concerning the concept and perceptions of
CVD risk and effective communication of risk. The
data analysis meeting will also be used as an avenue
for the groups to identify key stakeholders (or per-
sons) that need to be invited to advocacy workshop,
including persons that have the potential to influence
policy and service implementation in the community.
The overall findings from this workshop will be pre-
pared, summarized and made ready for presentation
by designated citizen scientists during the advocacy
workshop. This will process will be supported by the
researchers.
In addition to the simple qualitative data analysis by

citizen scientists, the project team will conduct a second
level of analysis of the data collected in all the study
countries. This will involve recoding and harmonisation
of all data collected from the EpiCollect databases in
each rural and urban communities in the countries. Data
harmonization will also involve downloading the EpiCol-
lect data and carefully recoding the narratives and pic-
tures into quantitatively analysable data. This is for the
purpose of supporting comparative data analysis to com-
pare findings in the countries and the project
communities.

Feedback meeting
Following the data extraction and analysis meeting, a
one-day feedback meeting will be held during which
designated citizen scientists and the researchers share
their observations, experiences, and key findings with
a larger stakeholder audience. The aim of this meet-
ing is to facilitate feedback to the community, work-
ing together, learning and refining the methods of
exploring CVD risk perception, interpretation and
communication with the involvement of health care-
givers– which is considered crucial for evidence-based
care in the community.

Table 2 Processes used by citizen scientists to collect data

Role of Citizen Scientist during data collection process will be as
follows.

The Citizen Scientist will:

Identify a potential participant and explain study based on study
protocol

• consent a willing participant

• entered the participants details on his mobile app (EpiCollect) data
collection tool)

• guide consented participant on data collection with EpiCollect
mobile app

• guide the participant to capture pictures and audio records by
themselves.

• Upload data (photos and narratives) online

The project staff oversee the Citizen Scientists and support their choices
of participants to ensure that they meet study eligibility criteria and are
appropriate, i.e., are not just people’s relatives, spouses.
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