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1. To address the malaria problem, interventions need to integrate individual and
collective action approaches.
(this thesis)
2. Motivation is the key element for the retention of volunteers in citizen science.
(this thesis)
3. The potential of novel ICT for international development is overrated in science and
policy.
4. Rejection of a manuscript is a stepping stone to career development.
5. Interdisciplinary research has a greater relevance to addressing wicked problems than
multidisciplinary research
6. T shape skills are hard to get.
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Chapter 1

Introduction
Vector-borne diseases are a major public health concern worldwide, and among them, malaria
is the biggest threat, particularly in Africa where 93% of the world’s malaria cases and 94% of
malaria deaths occur (WHO, 2019). Despite the progress made to control the disease,
resurgence of malaria was observed in malaria-endemic countries including Kenya, Senegal,
and Rwanda (President’s Malaria Initiative, 2016; Wotodjo et al., 2015; Zhou et al., 2011).
Variability in human behaviour and failure to use control measures consistently and effectively
are central to malaria resurgence and reintroduction (Gryseels, Durnez, et al., 2015).
The success of malaria control measures depends on the nature and scale of the behavioural
response of the populations at risk either at the individual or at collective levels (Obala et al.,
2015; Setbon & Raude, 2009). To increase and maintain high levels of malaria control, citizens
need to have a level of awareness and understanding related to the disease and be engaged
in finding possible malaria control solutions. Additionally, the recent world malaria report
highlighted that tailored interventions that engage local citizens are needed for the
achievement of malaria elimination, and SDGs in general (WHO, 2019).
The research reported in this thesis was carried out as part of a multidisciplinary project:
“Responsible Life-Science Innovations For Development In The Digital Age: Environmental
Virtual Observatories for Connective Action (EVOCA)”, which aimed to develop virtual
platforms and participatory monitoring systems towards inducing connective action for
addressing development challenges in crops, water, health and wildlife management (Cieslik
et al., 2018). Specifically, this research involved monitoring of mosquito populations to
contribute to malaria prevention and control through designing and implementing a citizen
science program in Ruhuha, Rwanda. This research was conducted in collaboration with an
entomological component, and this social component aimed to explore the factors that
influence the consistent use of malaria control measures. Through a co-designed citizen
science program, it investigated the motivational factors, barriers, and effects of the program
on the use of malaria control measures.
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Malaria in Rwanda
Encouraged by the progress made in the reduction of malaria over the last decade, Rwanda
planned to achieve the malaria pre-elimination phase by 2018 (President's Malaria Initiative,
2015). However, since 2012, Rwanda experienced a remarkable increase in malaria incidence
that was reported across the country, especially in the eastern and southern regions, and this
caused a great concern (MoH, 2017a; President’s Malaria Initiative, 2016). A malariometric
survey conducted in 2013 in the eastern part of Rwanda revealed a prevalence of malaria
parasitemia of around 6% (Kateera, Mens, et al., 2015). Malaria prevalence continued to
increase as time progressed. A Rwanda malaria indicator survey conducted in 2017 indicated
that the prevalence of malaria in the general population was 7% and when provinces were
compared, the prevalence is even higher (17%) in the Eastern province (MOH, 2017b). The
same report revealed that the prevalence of malaria among children aged between five to
fourteen years old was 11% and even 13% among children from rural areas. This indicates that
malaria is still a burden in Rwanda especially in rural areas, and most dominantly in the Eastern
province.
Many factors are associated with this increase in malaria prevalence over time. Human
perceptions have played a role in the ineffective use of malaria control measures, and
incorrect self-treatment (Ingabire et al., 2014; Ingabire et al., 2015). In addition, changes in
mosquito biting behaviour, which contribute to residual transmission, have been reported
(Hakizimana et al., 2018; Sherrard-Smith et al., 2019). Such residual transmission is further
increased by human activities, especially when people spend more time outdoors in the
evening, thus exposed to mosquito bites. Although a high proportion (around 80%) of bites
from malaria vectors occurs when people are already in bed, outdoor transmission continues
to have a high impact on the health of the population (Sherrard-Smith et al., 2019). This is
because it can continue to increase malaria incidence even when universal coverage of malaria
control measures has been achieved. In turn, outdoor transmission and its associated increase
of malaria cases may cause people to question the effectiveness of the control measures, the
efficacy of malaria medicines, and may even decrease the consistent use of these measures
(Sherrard-Smith et al., 2019).
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Malaria control measures
Long-Lasting Insecticidal Nets (LLINs), Indoor Residual Spraying (IRS), and control of mosquito
breeding sites are the primary measures that have been used to control malaria in many
malaria-endemic countries including Rwanda. Globally, 80% of insecticide-treated mosquito
nets (ITNs) (the first generation mosquito nets) delivered by manufacturers, were distributed
through mass distribution campaigns, and 87% of the total ITNs produced in 2018, were
distributed to Sub-Saharan African countries (WHO, 2019). In 2006 Rwanda had the first mass
campaign distribution of LLINs (the next generation mosquito nets) targeting pregnant women
and children under five years of age (MoH & (NISR), 2009). Since then, the President’s Malaria
Initiative (PMI) has collaborated with the National Malaria Control Program (NMCP) and the
Global Fund to continue the procurement and distribution of LLINs to achieve universal
coverage as recommended by the World Health Organization (President’s Malaria Initiative,
2017). The Rwanda Ministry of Health reported that between December 2016 and March
2017, more than 5 million LLINs were distributed countrywide (MoH, 2017a).
Generally, in 2019 only half (50%) of people at risk of malaria in Sub Saharan Africa slept under
LLINs, and only 57% of the population had access to LLINs; this remains far from the target of
universal coverage (WHO, 2019). In the same line, the recent Rwanda malaria indicator survey
report indicated that 84% of households own at least one LLIN, and 72% have access to LLINs,
meaning that 72% have enough LLINs (one for two people) (MOH, 2017b). However, 64% of
the households visited slept under an LLIN the night before the survey, this indicates a gap
between the accessibility and use; as well as between ownership and use of LLINs (MOH,
2017b).
Different authors have explored the factors associated with the use of LLINs. Babalola et al.
(2018) reported factors including sociodemographic and household variables, and
psychosocial variables to be associated with using a bed net every night rather than rarely or
never using a bed net. Although the protective effect of LLINs against malaria has been widely
accepted (Wangdi et al., 2018), some studies indicated a gap between ownership of LLINs and
related consistent use (Ernst et al., 2017; Kateera et al., 2015). This indicates that availability
and ownership of LLINs are not sufficient to ensure consistent and effective use.
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Concerning the use and acceptance of the IRS, only a few people in malaria-endemic countries
are protected by IRS (WHO, 2019). IRS coverage continues to drop as there was a shift from
pyrethroids to more expensive insecticides, and hence fewer areas could be treated. The
contribution of the IRS to malaria infection reduction largely depends on the scale of
deployment and how early it was sprayed (Bhatt et al., 2015). In addition, the level of
willingness to take up the IRS by the community members is still low (Wadunde et al., 2018),
and some factors have been identified to influence IRS acceptance. Having enough
information about IRS and trusting the sprayers have been associated with the willingness to
take up the IRS (Wadunde et al., 2018).
Appropriate environmental management of mosquito breeding sites is one way to control
malaria (Oladepo et al., 2010). Malaria control strategies by targeting its source have shown
significant results in many settings (Castro et al., 2009; Ingabire et al., 2017). Following
environmental management which involves community engagement, there is an increase in
community awareness about mosquito ecology and mosquito breeding sites (Castro et al.,
2009). Some strategies target the different stages of malaria vectors (for example larval source
management) (Ingabire et al., 2017). This requires the involvement of local communities
because some of the people’s activities, such as rice irrigation, result in more exposure to
mosquito bites and hence increase their chance of getting a malaria infection (Janko et al.,
2018).

Problem statement: a need for an integrated approach to control malaria
Combining environmental management and LLINs adherence significantly reduces the risk of
getting malaria (Obala et al., 2015). In addition, engaging community members in
environmental management reduces mosquito density, and, consequently, decreases malaria
incidence (Castro et al., 2009; Obala et al., 2015). Like other endemic countries, Rwanda has
also been making an effort to control malaria, and recent research has focused on larval source
management (Ingabire et al., 2017). However, in most cases, these efforts work
independently, and there is no integrated approach to control malaria. The World Health
Organization calls for an investment in new approaches and tools to accelerate progress in
controlling and eliminating malaria (WHO, 2019). This requires a complementary approach
that integrates these control measures and engages community members in malaria control.
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However, this raised the question of what could be the approach to engage community
members in malaria control? In recent years several studies have suggested that citizen
science can be a vital strategy for engaging communities (Church et al., 2019; Cieslik et al.,
2018; Leeuwis et al., 2018). Therefore, this study investigates the co-design process and the
impact of such a citizen science program.

Citizen science
Citizen engagement in scientific research has become increasingly popular in many parts of
the world (Aristeidou et al., 2017; Jordan et al., 2017). Citizen science has been defined as the
participation of members of the community in scientific work. This participation can vary and
include involvement in defining research questions, collection of scientific data, analysis, and
interpretation of these data. For a long time, citizen scientists have been involved mainly in
the collection and reporting of scientific data. However, as the citizen science field expands,
the collaboration of scientists and citizens has expanded as well and citizen science has been
now focusing on environmental monitoring (Cieslik et al., 2018; Stevens et al., 2014).
Citizen science involves the general public in environmental monitoring through participating
in collecting and submitting, and/or analyzing related data for further decision making (
Bonney et al., 2016). Although citizen science can be designed and applied in all fields of
research, it has been implemented in particular to address conservation and environmental
problems (Pocock et al., 2017; Turrini et al., 2018). Citizen Science Projects (CSPs) have been
conducted across a range of disciplines including biology, environment, astronomy, and
medicine, with the latter occupying only 2% of these projects (Follett & Strezov, 2015).
Despite its potential to generate large amounts of citizen science data, the majority of studies
evaluate the impact of citizen science focusing only on volunteers who are directly involved in
the collection and report of citizen science data (Jordan et al., 2011; Toomey & Domroese,
2013), but not to the community at large. Only few studies extend the focus beyond volunteers
to include other community members (Roetman et al., 2018). Furthermore, recently the
United Nations have indicated that a citizen science approach can play a role in the
achievement of SDGs (Pocock et al., 2018; Fritz et al., 2019; Quinlivan et al., 2020). For
example, citizen engagement in water quality monitoring, which is comparable to the labbased monitoring networks, may contribute to the achievement of SDG #6, clean water and

12

sanitation (Quinlivan et al., 2020). However, despite its potential, citizen science typically has
little priority and is often not visible among the tools that are used for achieving the SDGs in
many developing countries particularly in Africa (Pocock et al., 2018).
Fostered by the current advances in technology, CSPs have the potential to not only provide
reliable and localized information (Jordan et al., 2017), but also to connect people, and engage
them in addressing environmental challenges (Cieslik et al., 2018). In citizen science,
Information Communication and Technology (ICT) facilitates community outreach by using
different communication channels, thereby broadening participation and exchange of large
scale, real-time information (Sullivan et al., 2009). However, some CSPs have seen a high
attrition rate and the reasons behind this are not fully clear (Jordan et al., 2017; Worthington
et al., 2012). There is a need to explore the reasons for this high attrition rate, for future
retention of the volunteers. One important way of exploring these reasons is to identify why
citizens would decide to get and stay engaged in a citizen science project. These motivational
factors may play a role in the participation and retention of volunteers in CSPs, thus, remain a
central area to study. Additionally, when designing a CSP, one needs to plan about what
outcomes to expect, and how they can be assessed. Consequently, the effect of the CSP is a
key component to explore as well.

Theoretical framework
Overall, control of vector-borne diseases is influenced by different determinants, ranging from
individual to collective levels. An integrated framework that can help to identify these
determinants is still lacking. This thesis developed an integrated model of determinants of
malaria prevention behaviour based on well-established models: Health Belief Model (HBM),
Theory of Planned Behaviour (TPB), and Unified Theory of Acceptance and Use of Technology
(UTAUT). This integrated model will guide the analysis across chapters of this thesis.
The Health Belief Model (HBM) explains the linkage between perceived threats, efficacy, and
engaging in a certain behaviour (Olsen et al., 2008). It has been used to analyze the
relationship between perceptions and use of LLINs (Abdullahi et al., 2013; Beer et al., 2012;
Watanabe et al., 2014). This model is limited to individual perceptions and does not consider
social factors as predictors of using malaria preventive measures (Beer et al., 2012; Watanabe
et al., 2014).
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On the other hand, the use of LLINs is considered more as an individual activity, thus the HBM
would be appropriate when LLINs use is the only variable under study. These perceptions are
considered to influence behaviour through intentions, however, HBM does not consider
intention as one of the concepts (Conner, 2015).
The Theory of Planned Behaviour (TPB) is a theory explaining that the intention behind any
behaviour is determined by an individual’s attitude toward that behaviour, perceived
behaviour control, and relevant subjective norms (Munro et al., 2007). However, for the
behaviour to occur there should be an intention to perform that behaviour, and the intention
is considered as a requirement for behaviour (Conner, 2015).
In this thesis, we initially envisioned to use a web-based platform for sharing and
communicating malaria-related information as well as observations (mosquito nuisance and
mosquito species) collected by the volunteers. For this reason, we also included part of the
Unified Theory of Acceptance and Use of Technology (UTAUT). UTAUT is an expansion of the
technology acceptance model which describes and predicts the usability and use of new
information technology (Venkatesh et al., 2003). UTAUT considers social context and cultural
trends as the main factors of technology acceptance.
Integrating these three models creates an innovative and comprehensive model that presents
the determinants of the behaviour with regard to the use of malaria control tools in
combination with factors that determine participation in a citizen science program. Beyond
the integration of these models, some other collective factors including collective action and
social capital have been added to the model. This model may be used either in other settings
beyond the case study, in other vector-transmitted diseases, or other behavioural change
projects.

Research objectives
The overall objective of this thesis is to understand the factors that influence the consistent
use of malaria control measures and how a citizen science program may contribute to this use.
Specifically, the study designed and implemented a citizen science program and investigated
the motivational factors and barriers to participate, as well as the effects of this program on
the use of malaria control measures.
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The thesis was guided by the following specific research questions:
1. What factors predict the consistent use of malaria control measures and participation
in a citizen science program?
2. To what extent do individual perceptions influence the intentions to use malaria
preventive measures, and what strategies stimulate the consistent use of these
measures?
3. What preferences do community members present when co-designing a citizen
science program for malaria control in Rwanda?
4. Why do people participate in a citizen science program for malaria control in Rwanda?
5. What benefits do community members get from a citizen science program for malaria
control in Rwanda?

Methodology
This section describes the case setting, the overall study design, and the main data collection
methods used.
Case setting
This study was conducted in the Ruhuha sector, in the Eastern province of Rwanda (Figure
1.1). This sector covers an area of 54 km2 with 5,098 households and a population of
approximately 24,000 (Kateera et al., 2015). It has 35 villages grouped in five cells (Kateera et
al., 2015). The Ruhuha sector has one health center and around 140 CHWs. Ruhuha is
bordered by Lake Cyohoha and has numerous marshlands and water streams draining into the
Akagera River. This area was selected as it is among the high malaria-endemic areas in the
country due to the presence of these marshlands and various rice farming activities in the
area.
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Figure 1.1: Map of Rwanda indicating Ruhuha sector as a study site and five villages where
the citizen science program was implemented

Research design
Overall, a case study methodology was used. This is a valuable approach that allows for
designing, implementing, and evaluating an intervention or a program (Baxter & Jack, 2008).
It provides an in-depth understanding of a phenomenon and is most preferred when why and
how questions are asked (Fridlund, 1997; Luck et al., 2006). Furthermore, a case study design
allows for the use of mixed approaches, and multiple data sources for triangulation and
generation of strong evidence (Yin, 1992, 1999). In this research, a non-ICT based citizen
science program for malaria control was designed and implemented in Ruhuha, Rwanda. Prior
to the design process, an exploration of malaria risks and the use of malaria control was made.
This study was also partly participatory action research because it involved people in data
collection and actions that aimed to improve their health (Baum et al., 2006). Both
quantitative and qualitative approaches were used. The mixed approach was used to
complement each other and to provide stronger, potentially valid and reliable results.
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Methods used for data collection
Data were collected in four main phases (baseline, design, follow-up, and evaluation; Figure
1.2) and involved five different methods of data collections: surveys, interviews, focus group
discussions, workshops, and meetings.

Figure 1.2: Research phases and methods of data collection for empirical chapters

Baseline and end-line surveys
Prior to the design of a citizen science program (CSP), a household survey was conducted in
Ruhuha and Busoro sectors (phase 1). This survey was conducted to generate information
related to perceptions about malaria, the use of malaria control measures, and barriers to
their adoption. In addition, this was to analyze the knowledge gap and strategies that can be
used to engage community members in malaria control. The end-line survey (phase 4) was
conducted among those who were involved in the baseline to assess the change of individual
perceptions and malaria-related behaviour over time, and compare these perceptions and
behaviour among volunteers (those who were directly involved in the CSP) and non-volunteers
(those who were not participating in collection and submission of citizen science data).
Interviews
In-depth interviews and key informant interviews were used in phases 1 and 3. Stuckey (2013)
mentions that a well-conducted interview enables free expression and gets accurate answers.
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In this regard, the interviews were preferred in this study because the use of malaria control
measures specifically LLINs is considered an individual activity, and there are more chances of
having a social desirability bias when one on one interview is not used in this case. Additionally,
in phase 3, a follow-up study was conducted to explore the motivational factors to participate
and the barriers to get and stay involved in a citizen science program. These interviews were
conducted among volunteers (who actively participated in the program) and those who did
not participate in the program but who attended participatory design workshops that were
used to recruit the volunteers.
Focus Group Discussions (FGDs)
FGDs were conducted in phase 1 to (1) understand the perceptions related malaria and the
effectiveness of current malaria preventive measures, and (2) explore possible strategies to
promote their consistent use. To allow people to express themselves and maximize group
interaction, homogenous groups were used (for example, a focus group of men).
Workshops
Participatory Design Workshops (PDWs) were used in phase 2 to engage community members
in the co-design of a citizen science program. In addition, dissemination workshops were used
in phase 4 to give feedback to the volunteers about what they are reporting, and discuss them
about challenges encountered and how to overcome them.
Local meetings
Village meetings were conducted in phase 4 to discuss with the volunteers about collective
actions that they may have done in their villages, and possible ways that they have used to
disseminate the program’s activities to non-volunteers in their respective village. The
researcher visited the volunteers in their respective villages.
Further details on methods of data collection and data analysis are provided in the empirical
chapters.
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Outline of the thesis
This section highlights the content of each chapter of this thesis. The thesis is composed of
seven chapters including this chapter, as illustrated in Figure 1.3.

Figure 1.3: A logical flow of the chapters for this thesis; CSP= citizen science program
Chapter 2 presents an integrated conceptual model with both individual and collective factors
to predict the use of malaria preventive and control measures and engagement in a citizen
science program. In addition, it also hypothesizes the potential impact of a citizen science
approach on malaria-related behaviour and key features of a citizen science program.
Chapter 3 tests the conceptual model by assessing to what extent individual perceptions
influence the intentions to use malaria preventive measures, and explores strategies that may
stimulate consistent use of malaria preventive and control measures.
Chapter 4 describes community preferences to consider during the co-design of a citizen
science program for malaria control.
Chapter 5 investigates the motivational factors and barriers for participation in a citizen
science program.
Chapter 6 evaluates the effect of a citizen science program for malaria control in Rwanda.
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Chapter 7 synthesises the main findings, provides the general discussion of these findings by
putting them in a broader context of citizen science, and malaria control in particular, and
provides recommendations for policy, citizen science practice, and future research.
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Chapter 2
Applying citizen science for malaria prevention in
Rwanda: An integrated conceptual framework

This chapter is based on: Asingizwe, D., Poortvliet, P. M., Koenraadt, C. J. M., Van
Vliet, A. J. H., Murindahabi, M. M., Ingabire, C. M., Mutesa, L., & Feindt, P. H.
(2018). Applying citizen science for malaria prevention in Rwanda: An integrated
conceptual framework.

NJAS-Wageningen Journal of Life Sciences, 86-87, 111-122.

Chapter 2

Abstract
Malaria remains a major threat to public health. Long-Lasting Insecticide-treated Nets (LLINs)
and Indoor Residual Spraying (IRS) have been widely adopted as important malaria prevention
and control interventions and have contributed to a significant reduction in malaria incidence.
However, recently malaria resurgence has been reported in different countries, including
Rwanda, indicating that current attempts to control and eliminate malaria may be failing due
to environmental changes and changes in human behaviour. Engaging citizens in malaria
prevention and control would help them to identify and prioritize their health concerns and
be able to make appropriate decisions. A citizen science approach to monitor ecological
changes by providing timely information is likely to support more effective and consistent use
of malaria prevention and control interventions. However, the application of citizen science in
malaria prevention and control has lagged behind when compared with areas of disease
diagnosis and treatment. In addition, the determinants of participation in such a citizen
science program have not been fully analyzed. This chapter presents a conceptual model of
likely determinants of participation in connective action (collecting and reporting of malariarelated information), effective and consistent use of malaria preventive and control measures
(LLINs and IRS) and collective action (participating in public goods for malaria prevention and
control). The model will guide future research on behavioural and contextual factors and may
enhance the effective and consistent use of malaria preventive and control interventions.
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Applying citizen science for malaria prevention

According to the World Health Organization (WHO), malaria is one of the most important
parasitic and infectious diseases worldwide (WHO, 2016) and contributes heavily to the global
disease problem. The Sub-Saharan Africa region, including Rwanda, carries the heaviest
malaria burden (WHO, 2016). While Rwanda’s entire population is considered at risk of
malaria, 19 of the 30 districts are classified as high malaria-endemic areas of which 11 account
for more than 76% of the malaria cases (President’s Malaria Initiative, 2017). During the last
decade, much progress has been made in reducing malaria transmission in Rwanda. This has
led the Ministry of Health to set a target of entering the pre-elimination phase (a phase
between control and elimination) by 2018 (President's Malaria Initiative, 2015). The malaria
reduction was associated with the deployment of malaria prevention and control strategies,
early diagnosis, and treatment. Malaria prevention and control measures include the use of
Long-Lasting Insecticide-treated Nets (LLINs) and Indoor Residual Spraying (IRS), destruction
of breeding sites through environmental management, use of repellents and
chemoprophylaxis (Atieli et al., 2011; Créach et al., 2016; Gimnig et al., 2016) as well as the
use of intermittent preventive treatment among pregnant women (Tobin-West & Asuquo,
2013). However, on a large scale, malaria prevention depends most heavily on insecticidebased interventions (LLINs and IRS) (Okumu et al., 2013) to reduce human-vector contact.
Although there has been a significant global reduction in malaria prevalence, many developing
countries have recently seen a resurgence in the number of malaria cases reported, including
countries where malaria preventive measures (i.e., LLINs and IRS) were in place, such as
Indonesia, Senegal, Kenya, and Rwanda (Murhandarwati et al., 2014; President’s Malaria
Initiative, 2016; Wotodjo et al., 2015; Zhou et al., 2011). This indicates that availability of these
measures alone may not be sufficient for achieving continuous malaria reduction (Obala et al.,
2015). Rwanda has seen an eleven-fold increase in reported malaria since 2011, leading the
government of Rwanda to prioritize malaria to achieve the target of pre-elimination
(President’s Malaria Initiative, 2017).
Malaria prevention and control displays features of a ‘wicked’ public health problem. As first
introduced by Rittel and Webber (1973), characteristics of a wicked problem are that it is
difficult to define, is influenced by complex political and social factors, involves multiple
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stakeholders, and is managed but not solved. Similarly, as an infectious disease, malaria can
be considered a multifactorial problem, involving multiple actors with various needs, and
requires a holistic approach integrating many ecological and social factors (van Woezik et al.,
2016). Ecological factors include the variation in space and time of the number of malaria
mosquitoes as well as the malaria parasite. This variation is influenced by many environmental
variables (e.g., weather, vegetation) (Cohen et al., 2012), societal activities (e.g., rice farming)
and socio-economic factors (e.g., quality of housing). There is a need to have a coherent
monitoring system for malaria vectors, parasites, malaria episodes in humans, and
environmental factors. Ingabire et al. (2016) also revealed that as malaria transmission
dynamics change, there is a need to establish and continue a regular monitoring of mosquitoes
and malaria incidence to sustain the gains from previous malaria prevention interventions.
Although changes in ecological and environmental factors also contribute to malaria
resurgence (Hay et al., 2002; Tong et al., 2017), changing behaviours of the human population
at risk is often considered as one of the key factors (Dlamini et al., 2017; Hay et al., 2002;
Setbon & Raude, 2009). The disuse of preventive measures is mainly influenced by people’s
beliefs about the seriousness of malaria (Dlamini et al., 2017), the perceptions about the
protective benefits of malaria preventive measures (Galvin et al., 2011), and various other
social and cultural factors. However, human behaviour and its determinants are often not
considered in malaria control and prevention (Dlamini et al., 2017; Gryseels et al., 2015).
Malaria preventive and control interventions will remain ineffective unless the same effort is
put into understanding human behaviour and the contexts that influence these behaviours as
in understanding malaria vectors (Dlamini et al., 2017; Mwenesi, 2005).
Several studies have indicated that engaging citizens in malaria prevention and control
interventions can stimulate their consistent and effective application (Bamidele et al., 2012;
Watanabe et al., 2015). Community engagement is key as the community members have the
best understanding of their barriers to effective interventions and can propose related
possible solutions. Engagement empowers citizens and may create ownership in preventive
activities. Rickard et al. (2011) found that engaging individuals and the community in the
creation and implementation of malaria prevention intervention helps in achieving and
sustaining almost 100% of bed net usage rates. In their study in rural western Ghana, a
community-based participatory approach was used through assistance in the hanging of bed
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nets and provision of related instructions, the creation of in-home small group education, and
community-based projects consist of involving people affected by a disease or a health event
and include them as key partners in the discussion and development of strategies for their
protection. However, there is no element of active engagement of citizens in collecting and/or
analysis of observations under study.
A community-based project implemented in the eastern province of Rwanda with the
involvement of Community Malaria Action Teams (CMATs) to distribute malaria messages in
the community by home visit or through community meetings showed a successful
contribution to health literacy to improve the use of preventive measures (Ingabire et al.,
2016). These CMATs had received malaria-related trainings throughout the project and some
of them especially community health workers had prior malaria-related knowledge. Engaging
citizens creates a bidirectional communication flow and interaction within and between
communities where individuals are invited to share their views and provide feedback on a
particular matter of interest, malaria prevention in this case (Watanabe et al., 2015). In
particular, Rwanda plans to support social and behavioural change communication strategies
through the use of interpersonal communication, community radio with a focus on community
mobilization and engagement in the use of LLINS and early diagnosis and treatment
(President’s Malaria Initiative, 2017). On this base, Rwanda would be a good place to test the
application of a citizen science approach. In a citizen science approach, citizens are actively
involved in the collection, and possibly interpretation and analysis of scientific data, in this
case for example information about mosquito habitats, mosquito nuisance, and the history of
specific malaria episodes. Such a citizen science approach may improve the perceptions
related to malaria, malaria vectors, and malaria preventive measures, and thereby stimulate
the effective and consistent use of these measures. In addition, Rwanda has implemented the
RapidSMS initiative throughout the country, which shows that community health workers can
already be actively involved in monitoring malaria incidence in children under the age of five.
Generally, most research projects and studies that are being conducted involve health workers
in reporting of health-related events and do not involve the general public (Ingabire et al.,
2016; Rickard et al., 2011). There is no system to which the health of the larger population can
be monitored on a regular basis. Involving citizens in monitoring mosquito dynamics, mosquito
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habitats, mosquito nuisance, and malaria episodes, potentially creates more sustainable
malaria interventions, promotes effective use of these interventions and thereby could
decrease malaria incidence. However, thus far no studies have been published that evaluate
how the involvement of citizens in the monitoring of mosquito dynamics and malaria episodes
can be set up in an efficient way in rural areas of a country such as Rwanda. It is unclear what
factors would determine the participation of people in such a citizen science program. It is also
unclear how different levels of engagement or the accuracy and timing of information
provided and the communication channels used will determine the number of people reached
and influence the human behaviour regarding malaria prevention and control. Therefore, this
chapter explores the potential determinants of two of the most important malaria preventive
measures: the use of LLINs and acceptance of IRS. We then describe the potential impact of a
citizen science approach to malaria-related behaviour. Afterwards, we present an integrated
conceptual model with both individual and collective factors to predict the use of both malaria
preventive measures and being actively involved in a citizen science platform which will be
described later in the chapter and will guide future research. We finally present the key
features of a citizen science platform that we aim to implement in Ruhuha, a malaria-endemic
area in Rwanda.

Use and adoption barriers to malaria preventive and control measures
The WHO indicated that between 2010 and 2015, the proportion of people sleeping under
bed nets has almost doubled in Sub-Saharan Africa (WHO, 2016). Eisele et al. (2010) estimated
the protective efficacy of LLIN and IRS on the reduction of malaria-attributable mortality
among children under the age of five at 55%. Therefore, the WHO Global Technical Strategy
for malaria 2016-2030 (2016) stresses that these malaria prevention and control measures
should be available and accessible to people at risk (WHO, 2016). Furthermore, these
measures should be used effectively and consistently (Russell et al., 2015).
Consistent, effective use and non-use of Long Lasting Insecticide Treated Nets (LLINs)
LLIN provides individual protection by reducing the biting rate and thereby reducing both
malaria incidence and malaria mortality (Rickard et al., 2011; Yasuoka et al., 2014). Together,
the availability, acceptability, ownership, and the regular and effective use of LLIN are cardinal
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to malaria infection-prevention worldwide (Lindblade et al., 2015). However, consistent and
2009; Widmar et al., 2009). Many studies have shown a gap between ownership and actual
use of LLIN (Atieli et al., 2011; Ernst et al., 2016; Kateera et al., 2015; Moon et al., 2016). For
example, LLINs have been used for constructing chicken pens, fishing or agriculture (Honjo &
Satake, 2014; Ingabire et al., 2015). Heat and discomfort were reported as barriers to effective
use of bed nets (Ingabire et al., 2015; Rickard et al., 2011). Other studies, however, report low
rates of misuse, e.g. only about 3% of study participants in Zambia (Macintyre et al., 2012) and
less than 5% in Sierra Leone (Bennett et al., 2012). While these studies did not support the
assumption that bed nets are diverted for alternative purposes, they confirmed a gap between
bed net ownership and use.
These findings suggest that future empirical studies should aim to identify the determinants
of effective use and of misuse of malaria preventive and control measures. Understanding the
factors that shape behaviour will also help to design effective interventions to close the gap
between bed net ownership and use.
To achieve malaria elimination, individual perception and behaviour related to malaria and
malaria prevention are important factors that should be addressed in malaria prevention and
control programs. Individual perceptions about the seriousness of malaria and related
exposure encourage individuals to consistently and effectively use LLIN (Mukhopadhyay et al.,
2016). In addition, Galvin et al. (2011), found that individuals’ motivation to use LLINs depends
on their perceptions related to bed nets’ effect to reduce mosquito nuisance and other
protective benefits. Those who use LLIN appear to perceive more malaria preventive benefits
of LLIN than preventing mosquito nuisance (Berthe et al., 2014). Comfort (not being annoyed
by mosquitoes) while sleeping under bed nets was also reported to encourage people to use
LLIN.
The consistent use of LLIN is determined by behavioural factors such as diverting nets to other
purposes, using LLIN only during the seasons with a higher risk of mosquito bites (rainy season)
and sleeping outdoor (Birhanu et al., 2015; Ricotta et al., 2015). Sleeping location (bed versus
floor), sleeping arrangements (the number of people sleeping in one bed) and availability of
suitable locations for hanging the LLIN were reported to influence the use of LLIN (Ernst et al.,
2016; Iwashita et al., 2010; Kateera et al., 2015). Sleeping on the floor mostly occurs in rural
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areas where beds are rarely available for all household members. The lack of a bed frame
makes it difficult to hang the LLIN correctly, (Iwashita et al., 2010). Sometimes sleeping
locations vary by night depending on weather or evening social activities such as alcohol
consumption, particularly for men (Atkinson et al., 2009), and attending particular events like
funerals (Dunn et al., 2011). Some people even prefer to take malaria preventive medicine
because it is easier than sleeping under bed nets (Ernst et al., 2016).
At the community level, social support, social pressure, and social norms can influence the
consistent and effective use of LLINs by community members (Dunn et al., 2011; Graves et al.,
2011; Rickard et al., 2011; Strachan et al., 2016). Studies have confirmed the importance of
encouragement, interpersonal influences, and support from local leaders, village health
teams, family members and neighbours to the consistent use of LLIN (Ernst et al., 2017; Ernst
et al., 2016; Strachan et al., 2016). Encouragement and support may be provided through
regular home visits for reminding people to use these measures or through direct assistance
in case of need, for example by offering assistance in hanging bed nets (Strachan et al., 2016;
Watanabe et al., 2015). Interpersonal influences were significantly associated with the use of
LLIN in studies in Tanzania (Ricotta et al., 2015) and Ghana (Ernst et al., 2017). In addition, a
study conducted in Nigeria found that individuals who receive information and assistance from
their friends and family members were more likely to use bed nets (Russell et al., 2015).
Mosquito density varies over the seasons and this, in turn, affects the way people use LLIN
depending on their perceptions of mosquito biting and nuisance. Although LLINs were
generally perceived as having a protective effect against malaria, these perceptions differed
between the rainy and dry seasons (Beer et al., 2012). During the rainy season, people
perceived mosquito nuisance to be high, which increases the likelihood of using LLIN, whereas
during the dry season mosquito nuisance is low and the consistent use of LLIN decreases (Beer
et al., 2012; Mukhopadhyay et al., 2016). Apparently, the belief that bed nets should be used
only during the rainy season is widespread (Ernst et al., 2016). Toé et al. (2009) showed that
also in Burkina Faso people tend to use LLIN only when feeling disturbed by mosquitoes. When
they are not bothered by mosquitoes, even during the rainy season when high transmission
rates of malaria are expected, they do not use LLIN. In addition to mosquito nuisance,
comfortability influences the use of LLIN.
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Sleeping under bed nets during the dry season increases warmth and reduces comfortability.
2016; Ingabire et al., 2015). Watanabe et al. (2015) showed, however, that with greater
perceived seriousness of malaria, people consistently use bed nets even in the dry season.
These findings suggest a need to address cognitive perceptions that underestimate the risk of
malaria transmission during all seasons as well as the seriousness of malaria infection (Toé et
al., 2009).
Acceptance of Indoor Residual Spraying
In Africa, Indoor Residual Spraying is among the primary malaria vector control interventions
(Pluess et al., 2010). Many studies have indicated the effectiveness of IRS in decreasing malaria
vector densities and malaria transmission (Kleinschmidt et al., 2009; Pluess et al., 2010;
Steinhardt et al., 2013). However, the share of the population at risk of malaria that is
protected by IRS has declined globally from 5.7% in 2010 to 3.1% in 2015, and from 10.5% to
5.7% in Sub-Saharan Africa (WHO, 2016). The reduction in IRS coverage is mainly due to lack
of financial means to sustain this effort over the long term. IRS is usually used only in particular
areas where malaria is endemic and causing outbreaks. For example, in Rwanda, IRS is being
executed in only five districts which have been classified as high malaria prevalence and highrisk districts (President’s Malaria Initiative, 2017). The effectiveness of IRS decreases when not
all rooms in a habitation are sprayed. Bedrooms and storerooms are usually not sprayed
(Ingabire et al., 2015; Kaufman et al., 2012). The main challenge with the implementation of
IRS is that in Rwanda it is broadly considered a government responsibility, which creates the
perception that targeted individuals are not able to use it (Montgomery et al., 2010).
Consequently, the attribution of IRS to the reduction of malaria is still limited and people
associate IRS more with the reduction of insects rather than seeing it as a malaria control
strategy (Munguambe et al., 2011).
The acceptance of IRS is positively associated with cognitive perceptions about its
effectiveness in the reduction of insects, decrease of malaria incidence, past experience, and
a reduction in the need for medical treatment (Kaufman et al., 2012; Munguambe et al., 2011).
Atkinson et al. (2010) found that adherence involves a complex interaction between
intervention acceptability, malaria risk perception, and socio-cultural factors.
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Similarly, Montgomery et al. (2010) found that the acceptability of IRS is more influenced by
the broader spectrum of the social-cultural and political context such as identity, citizenship,
and rights, and is not limited to the physical effects of the spraying activities. For example,
participants would criticize their neighbours if they refuse the spraying of insecticide in their
house and these neighbours change their attitudes and accept the spraying activity
(Montgomery et al., 2010). Interestingly, a citizen reported that he authorized the sprayers to
go into their neighbours’ house to spray when they are not around since he considered it his
responsibility to support their neighbours in malaria control (Montgomery et al., 2010). Lack
of acceptance to IRS due to a weak perception of both malaria risk and effectiveness of IRS
was reported (Munguambe et al., 2011). In their study, Montgomery et al. (2010) found that
regardless of having accepted the IRS and willingness to accept future spraying activities, many
people don’t believe that IRS is effective against the malaria vector. This is mainly the results
of group-based citizenship, hence it becomes a passive form of acceptance through a sense of
lack of empowerment to refuse it (Table 2.1). The reported factors that may hinder acceptance
of IRS include ignorance of the measure, doubt about the effectiveness and the appearance
of other insects such as mites, flies and bed bugs shortly after spraying (Ingabire et al., 2015;
Kaufman et al., 2012; Munguambe et al., 2011).
Resistance against IRS is also motivated by cognitive believes about the presence of
undesirable effects of spraying. These were for example expressed in a report about swelling
of the face, itching, rash, asthma, and death of animals that are near the home (Ingabire et al.,
2015; Kaufman et al., 2012). Similarly, the (expected) discomfort during the spraying process,
including moving belongings, may reduce acceptance of IRS (Ingabire et al., 2015). While
community leaders seem to be the most influential in relation to the acceptance of IRS, their
eventual non-acceptance of IRS could also reduce the acceptance among community
members (Munguambe et al., 2011). Socially shared beliefs about malaria risks may also affect
people’s ability to accept IRS. Lack of information and communication around spraying activity
could lead to skepticism to the spraying procedures. For example absence of advance
notification leads people to refuse spraying upon arrival of the sprayers at their homes
(Ingabire et al., 2015; Munguambe et al., 2011). Sprayers’ attitudes or conduct towards
household members also may cause mistrust and affect the IRS acceptance (Ingabire et al.,
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2015). Generally, household members prefer sprayers whom they know in the community

Overall, the evidence suggests that acceptance and consistent use of malaria prevention and
control measures are determined by a number of factors at both individual and collective
levels. Therefore, if individuals are more engaged (example: through citizen science) in malaria
prevention and control interventions, then the above-mentioned factors could be affected in
a desirable manner.

Impact of a citizen science approach on malaria-related behaviours
According to Rickard et al. (2011), malaria interventions that are embedded in the community
and that involve citizens allow more discussion and in-depth analysis on the benefits of those
interventions hence may obtain a high level of acceptance and use. Not involving the general
public/community members is a missed opportunity because, in the end, they are the
receivers of public health programs. Citizen science refers to involving volunteers in
observations, classification, and collection of data, which in turn are used by researchers
(Cohn, 2008; Kullenberg & Kasperowski, 2016). Other authors consider citizen science as
public engagement in scientific research with members of public joining scientists together to
collect and analyze large quantities of data (Bonney et al., 2016). Citizen science comprises a
wide range of projects involving citizens in the practice of science, varying from participatory
action research to a large web-enabled effort that involves multiple fields around the world
(Crain et al., 2014). Besides the collection of scientifically sound data, the goal of citizen
science is also to engage citizens in conversation and decision making about environmental
threats and related issues (Bonney et al., 2016) (Table 2.1).
Apart from increasing public awareness, citizen science reinforces people’s intentions towards
an intervention under study (Bonney et al., 2016; Crall et al., 2013). Examples, attending
community events, removing local invasive species, and educating peers about invasive
species (Crall et al., 2013). However, in some projects, there may not be a noticeable
behaviour change mainly due to self-selection of the participants who may already have
positive behaviour towards the intervention under study at the start of the project (Rick
Bonney et al., 2016). Due to its ability to provide quality-controlled information (Aceves-Bueno
et al., 2015), a well-designed citizen science program can enhance human-nature relationships

31

2

over newcomers, as the latter are considered strangers in their community.

Chapter 2
(Table 2.1) and provide feedback loops (Crain et al., 2014), which in turn contributes to the
effective and consistent use of malaria prevention and control measures.
Citizen science projects such as Allergy Radar (de Weger et al., 2014), Tick Radar (Garcia-Martí
et al., 2017) and Mosquito radar (Kampen et al., 2015) in the Netherlands show that thousands
of people can be actively engaged in reporting a broad range of health-related and ecological
observations over several years. Aceves-Bueno et al. (2015) argue that citizen science is an
appropriate method to collect and monitor information and can also lead to a high level of
community engagement. This engagement creates new social-ecological interactions (e.g.
reflection on observed environmental changes and exposure to different social norms) (Crain
et al., 2014). In turn, this exposure to different social norms may influence dynamic
interactions, may develop new community norms and values, or change, reinforce and further
develop the existing norms and values (Den Broeder et al., 2016; Den Broeder et al., 2017)
(Table 2.1). Den Broeder et al. (2017) also argue that being a participant in citizen science
extends one’s social network, improves social cohesion, and increases participation in
collective activities. Table 2.1 presents the link between the different dimensions of the
malaria problem, different barriers to use malaria preventive measures, and the potential role
of citizen science to overcome these barriers.
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measures
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barriers

Malaria
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Political/ins
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dimension
Biophysical
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Apart from the provision of more localized information, citizen science also involves the citizens
more deeply in decision making related to the environmental threat. Therefore, the citizens may
be engaged in further action to decrease the public bad as well as to improve public health.
Citizen science may provide precise information on what location to target or where to start
spraying (for example which village to start with, and not necessarily spray the whole district).
This may also encourage different policymakers to look for more funding so that more affected
areas can be sprayed.
Through the engagement of local leaders, there may be an increase of commitment on the side
of local government in order to address the citizens’ concerns. In turn, this may decrease the
passive form of compliance and promote perceived self-efficacy of malaria preventive measures
on the side of citizens.
Citizen science offers an opportunity for a citizen to contribute to the collecting data about the
malaria problem, and this, in turn, may make awareness regarding the risk of malaria more
salient.
Engaging citizens in collecting information enhances changes in perceptions, may promote a
sense of community, develop new community norms and values, and change, reinforce and
further develop the existing norms and values (e.g. about the environment, about science, and
about institutions in charge of the problem) (Den Broeder et al., 2016; Den Broeder et al., 2017).

Proposed intervention: Citizen science

Low connectivity (offline)

2

Citizen science strengthens connections between people, nature, and place (e.g. establishment
of community monitoring networks or advocacy groups).
It fosters community-building, increases social capital, and builds trust (e.g. promotes and
increases participation in collective activities (Den Broeder et al., 2016; Haywood, 2013).
Being a citizen scientist extends the own social network and social cohesion (Den Broeder et al.,
2017).

Weak perceived efficacy of Empowering participants through citizen science, increasing self-efficacy and response efficacy,
malaria
preventive and devise appropriate solutions to create better health (Den Broeder et al., 2016).
measures

Weak
malaria
perception

Lack of or limited resources
to continue using malaria
preventive
measures
specifically IRS

Lack of information

Potential causes

Table 2.1: Structured overview of links between malaria problem dimensions, potential causes, and proposed interventions
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The technological possibilities of engaging the public and specific stakeholders in scientific
research are increasing because of the increased availability and adoption of mobile phone
technology and the increasing access to the internet (Cole-Lewis & Kershaw, 2010).
Many studies involving mobile phone technology have been conducted in developed countries
that have involved citizens in collecting and analyzing data. However, in the extant literature,
only a few projects focus on African countries with much emphasis on HIV/AIDS and noncommunicable diseases (Bloomfield et al., 2014; Forrest et al., 2015). Yet, Zurovac et al. (2012)
identified several studies that used mobile phone text messaging in the areas of malaria
surveillance (mainly case detection), management, and monitoring. For example, in Rwanda,
mHealth (RapidSMS) has been used for early reporting of pregnancies, diagnosing, and
treating diseases among children under the age of five (Ngabo et al., 2012). mSpray, a mobile
phone-based project to increase malaria control through the use of IRS in South Africa showed
the importance of timely and accurate data provision, monitoring of spray activities and
improving opportunities for more location-targeted mosquito control (Eskenazi et al., 2014).
Such projects provide real-time information to individuals and allow accurate and efficient
disease monitoring, prevention and control (Hounmanou et al., 2016). Most of these projects
used mobile phone SMS reminders to increase treatment adherence, but a few projects have
also targeted the promotion of preventive health behaviours (Fjeldsoe et al., 2009), such as
the anti-obesity behaviour modification project in Korea (Joo & Kim, 2007), and a college
smoking cessation project in Washington DC (Obermayer et al., 2004). However, there is a
little-published inquiry into the success factor of such projects.
Other studies have highlighted that implementation of digital technology-based projects in
disease control and prevention would improve the care that the existing health system could
not address, particularly for people at risk (Asiimwe-Kateera et al., 2015). According to Zurovac
et al. (2012), health service delivery and health outcomes could be improved by the use of
mobile phone applications or platforms. Cole-Lewis and Kershaw (2010) argued that digital
technology-based projects provide an interactive two-way communication, which in turn
stimulates information sharing. Meankaew et al. (2010) showed that the integration of mobile
technology in malaria prevention and control programs can improve real-time malaria case
investigation and active follow-up of those which may be positive. Another example comes
from Ruhuha, Rwanda, where CMATs were formulated to identify malaria-related problems
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and find solutions to these problems. These teams facilitated both connection between the
(Ingabire et al., 2016). This, in turn, increased the acceptance and the use of available malaria
preventive measures as well as participation in community activities aimed at malaria
elimination.
The spread and broad availability of new communication technologies such as mobile phones
and the internet enable novel communication approaches to enhance the frequency,
interactivity, and quality of citizen engagement and this may also be used to enhance malaria
prevention strategies. However, the engagement of all actors in new communication
technologies in malaria prevention requires that different domains should be interested and
convinced about its usefulness. This engagement also needs a clear and explanatory model
that looks at the various levels of malaria prevention. Such a model is currently still lacking.
Having an explanatory model for malaria prevention and control remains crucial, as it would
show factors that need to be considered when targeting malaria elimination. In the next
section, we work out an integrated model of determinants of malaria prevention behaviour.
The model proposes that by participation in a citizen science program through the collection
and reporting of information related to ecological data and history of possible malaria
episodes, there may be an increase of connective action (i.e. interaction, sharing and exchange
of malaria-related information among the participants) and collective action.

A conceptual model to predict the use of malaria preventive measures and
the citizen science program
We put forward the idea that both individual and socio-cultural factors need to be a central
component of malaria prevention and control strategies. Therefore, our model shows clearly
how these factors are connected to each other (Figure 2.1) and how leaving these factors out
of the malaria control plan might affect the success of the implementation of the
interventions.
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Figure 2.1: Integrated model of determinants of malaria prevention behaviour (Sources are
the theories presented in Table 2.2, supplemented by other concepts by the researcher)

Underlying theories.
Given the complexity of behavioural research, no single theory exists that covers all important
individual and social factors, and thoughtful selection and combination of theories may result
in more robust interventions. Therefore, three well-established theories, the Health Belief
Model (HBM), the Theory of Planned Behaviour (TPB), and the Unified Theory of Acceptance
and Use of Technology (UTAUT) were selected from the field of social psychology and
technology adoption. The HBM and the TPB were selected as they are among the first theories
that focus on individual health behaviour and remain the most widely used nowadays
especially in disease prevention and health promotion. The UTAUT was selected among other
technology-related models as it is the predominant model deployed in predicting the use of
information technology and related products and services. Importantly, it accounts for the
influence of social factors on the adoption of technological services. All three theories aim to
explain almost similar outcomes from different perspectives. That is, they use behavioural
intention as the key predictor of the use of a new practice, product or behaviour and
separately each has different determinants of behavioural intention.
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As the concepts in different theories may be different but their conceptualization across
and relationships between concepts, as well as avoiding overlaps when selecting concepts.
Therefore some of the concepts were omitted. At the end, we included those selected
concepts together into an integrated model of determinants of malaria prevention behaviour
that may be used in other behavioural research and other issues related to vector-borne or
other infectious diseases. This proposed model is more than combining the selected concepts
from three mentioned theories, as other concepts (not from the mentioned three theories)
were added based on their theoretical relevance (Figure 2.1) which demonstrates the
originality of this integrated model of determinants of malaria prevention behaviour. In the
following section, we briefly explain the three theories used in our conceptual model.
Health Belief Model
The Health Belief Model (HBM) is one of the best-known social cognition models on individual
health-related behaviour (Olsen et al., 2008). Our conceptual model used the following
concepts: perceived severity, perceived susceptibility, perceived self-efficacy, and perceived
barriers (Table 2.2).
Theory of Planned Behaviour
The Theory of Planned Behaviour (TPB) is an extension of the Theory of Reasoned Action and
the most predictive persuasion theory (Munro et al., 2007). However, it does not account for
factors that are beyond individual voluntary control. In our model, we included subjective
norms and behaviour intention (Table 2.2).
Unified Theory of Acceptance and Use of Technology
The Unified Theory of Acceptance and Use of Technology (UTAUT) is an expansion of the
Technology Acceptance Model and is used to describe and predict the acceptance of new
information technology and ways of stimulating the use of technology (Venkatesh et al., 2003).
In our model, we included perceived usefulness and perceived ease of use. Social influence
was not included as it overlaps both with ‘social networks/interactions’ as one dimension of
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social capital and with ‘subjective norms’. In the following sections, we define each of these
concepts and give a theoretical rationale for the relationships presented in the model.
Table 2.2: Source of the concepts presented in Figure 2.1
Constructs

HBM

Perceived severity

˅

Perceived susceptibility

˅

Perceived self-efficacy

˅

Perceived barriers

˅

TPB

Subjective norms

UTAUT

˅

Perceived usefulness
Perceived ease of use
Behavioural intention

˅

˅ (termed “performance
expectancy”)
˅ (termed “effort
expectancy”)

Note: HBM = Health Belief Model; TPB = Theory of Planned Behaviour; UTAUT = Unified Theory
of Acceptance and Use of Technology.
Description of the concepts/determinants of behaviour
Social capital
Social capital is defined as forms of social organization such as social networks/interactions,
norms of reciprocity and generalized trust that facilitate cooperation and coordination for
common benefits (Putnam, 1995). Social capital has been described as rooted in social
relationships and can serve as a resource that allows individuals to achieve objectives that
they could not achieve otherwise (e.g., by people paying each other favours) (Coleman, 1988).
With regard to malaria prevention, learning from other community members plays a big role
in changing perceptions towards acceptance and use of malaria prevention measures. For
example, in Rwanda, involving rice farmers in the planning of mosquito larval source
management as a malaria control strategy contributed to the change of their perceptions
related to the importance of larval source management in malaria control and increased their
level of ownership of this action (Ingabire et al., 2016).
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In addition, community health workers that are located in all villages of Rwanda play a major
(2014) found this interpersonal communication (with relatives, friends, and neighbours) to be
more effective in disseminating and acquiring malaria-related information and in changing
perceptions compared to other forms of communication, including mass media and radio.
However, in Rwanda, especially in rural areas, radio is among the most powerful sources of
information for the citizens as most of the households have at least one radio. Use of social
media is less common.
According to Panter-Brick et al. (2006), interventions seem to be most effective when they are
linked to cultural narratives (which serve to discuss proper behaviour) and can be
strengthened through community support, networks, and interactions. The increase of social
interaction and trust can dispel negative perceptions that create individual and community
resistance towards engagement in malaria prevention and control measures (Atkinson et al.,
2010). Regarding trust in health-related matters, individuals seem to be influenced by those
who are well known in the community including local leaders and health workers (Atkinson et
al., 2010). Similarly, in Rwanda, Ingabire et al. (2016) found that interpersonal community
meetings led by CMATs, CHWs, or village leaders helped to change negative perceptions
towards the use of malaria preventive measures and to increase the use of these measures.
Therefore, it is hypothesized that social capital influences individual perceptions (perceived
severity, perceived susceptibility, perceived self-efficacy, perceived response efficacy, and
perceived barriers) and subjective norms.
Several studies have indicated that elements of social capital can facilitate collective action,
i.e. activities that individuals contribute together with the aim of realizing a public or common
good, for example, the clearing of mosquito breeding sites (Fujiie et al., 2005; Ingabire et al.,
2016; Ramos-Pinto, 2006). This is also applicable to Rwanda, as citizens engage in monthly
community work at the village level (governed by the Rwandan Law) where they gather
together in their villages, clean their environment and after that gather to discuss different
topics including malaria. Therefore, it is clear that individuals who obtain information from
their interpersonal networks would decide to participate in the creation of public goods if they
trust the source of information. Thus, it is predicted that social capital has a positive influence
on collective action.
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Subjective norms
Subjective norms refer to the perceived social pressure to execute or not execute a behaviour
(Ajzen, 1991). The theory of planned behaviour developed by Ajzen (1991) indicated that
although subjective norms influence directly intention to perform behaviour it also
importantly influence perceived behaviour control which is similar to perceived ease of use in
our model. Munro et al. (2007) also defined subjective norms as a degree to which a person
believes that other people in the community think that he/she should participate in certain
behaviour. In their study testing a theoretical extension of the Technology Acceptance Model
(TAM) using longitudinal data collected from four different systems at four organizations,
Venkatesh and Davis (2000) found that subjective norms influenced perceived usefulness of
information technology in the workplace. This indicates that people integrate social influences
in their own usefulness perceptions. In the context of our research model, if a member within
a personal environment suggests that a system or a platform might be useful and easy to use,
then it is more likely that another person may come to believe the same. This was supported
by Teo (2010) who studied the influence of subjective norms on the intention to use
technology in education and found that subjective norms were direct predictors of perceived
usefulness and ease of use. It was also in agreement with a study conducted in Korea by Kim
and Park (2012) who indicated that the indirect effect of subjective norms on behavioural
intention was mediated by perceived usefulness. In contrast, a study conducted among
University students in Spain did not find the subjective norm to be a predictor of perceived
usefulness (Agudo-Peregrina et al., 2014). This was probably because, in their study, perceived
usefulness was used in two dimensions including performance and flexibility. Therefore, we
predict that subjective norms positively influence perceived usefulness and perceived ease of
use of a citizen science program.
Perceived severity
Perceived severity is defined as an individual’s beliefs about how serious a disease and its
related consequences are. These consequences may range from medical and clinical
(disability, pain, death) to social and economic consequences (effect of the disease on family
life, work, financial and social relations) (Champion & Skinner, 2008). If people think that
malaria could harm them seriously, they are more likely to assign a high value to malaria
prevention measures (Ankomah et al., 2012) or to adopt a technology related to malaria
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prevention and control. In their study conducted among female internet users in Malaysia
et al. (2015) found a positive relationship between perceived severity and perceived
usefulness and the latter was a mediating variable toward the internet use. In Korea, Kim and
Park (2012) developed and tested the extended TAM by analyzing health consumers’
behavioural intention of using health information technology in healthcare. They found a
significant effect of perceived severity on perceived usefulness of health information
technology. This indicates that perceived severity is essential for people to see the usefulness
and perceived ease of use for a particular intervention. Also in the Ruhuha sector in Rwanda,
some citizens see the consequences of malaria and are likely to see the usefulness of a citizen
science platform as long as it is clearly explained.
Our research model predicts that if an individual perceives the negative effects of malaria,
then they will consequently perceive the usefulness of malaria preventive and control
measures and that using them requires no efforts. Hence, it is hypothesized that perceived
severity of malaria positively influences the perceived usefulness of malaria preventive and
control measures and related perceived ease of use.
Perceived susceptibility
Perceived susceptibility refers to the beliefs about the likelihood of experiencing or getting a
disease (Champion & Skinner, 2008). Individuals who perceive themselves to be at high risk of
getting malaria, have higher malaria risk appraisal and are more likely to appreciate the
usefulness of malaria prevention interventions. For example, a study done in Nigeria among
pregnant women indicated that if pregnant women do not see themselves or their unborn
babies at risk of getting malaria, then they are less likely to see the usefulness of malaria
prevention and control interventions (Ankomah et al., 2012). The relationship between
perceived susceptibility and perceived usefulness was also found in Malaysia (Ahadzadeh et
al., 2015) and Korea (Kim & Park, 2012). If an individual perceives to be at risk of contracting
malaria, this will lead to a positive perception of the usefulness of these interventions and that
using them requires no or little effort. Thus, it is proposed that perceived susceptibility has a
positive influence on both perceived usefulness and ease of use.
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Perceived self-efficacy
Perceived self-efficacy refers to people’s beliefs about their capability to use preventive
measures. In this chapter, perceived self-efficacy is defined as the ability to participate in a
citizen science platform and make use of malaria preventive measures through recognition of
their usefulness and ease of use. Many technology acceptance related studies including
Agudo-Peregrina et al. (2014) conducted in Spain, Wang et al. (2006) conducted in Taiwan,
and Zhang et al. (2016 ) conducted in China revealed the effect of perceived self-efficacy on
perceived ease of use. Others conducted in the US, Korea, and Australia found the effect of
perceived self-efficacy on both perceived usefulness and ease of use (Lee & Mendlinger, 2011;
Rose & Fogarty, 2006). Kim and Park (2012) also found that the greater the self-efficacy the
higher the perceived usefulness and perceived ease of use of health information technology.
This shows that if an individual perceives being able to use malaria interventions, then it is
more likely that he/she will perceive the usefulness of these interventions and that using them
requires little to no effort. It is proposed that perceived self-efficacy has a positive influence
on perceived usefulness and perceived ease of use.
Perceived response efficacy
Perceived response efficacy is defined as individuals’ beliefs about the effectiveness of
recommended behaviour in preventing a threat (Witte, 1992). The association between
response efficacy and perceived ease of use of mobile health services was revealed by Zhang
et al. (2016 ). In this chapter, when individuals believe that a citizen science platform will
contribute to the reduction of malaria through information provision, then they find it useful
and easy to use. Therefore, the research model proposes that response efficacy is positively
associated with the perceived usefulness and perceived ease of use.
Perceived barriers
Perceived barriers refer to people’s evaluation of what would prevent them from using a
certain measure while emphasizing on potential negative aspects of a particular health
intervention (Champion & Skinner, 2008). If individuals perceive that use of malaria preventive
measures has negative side effects, such as increased nuisance of bed bugs or that reporting
through the citizen science platform is time-consuming, costly or difficult, then they are less
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likely to see the usefulness of those interventions. This is also a challenge in Rwanda because
nets (Ingabire et al., 2015). Consequently, we propose that perceived barriers have a negative
influence on the perceived usefulness and perceived ease of use.
Perceived usefulness and perceived ease of use
Perceived usefulness is defined as the extent to which a person believes that using technology
(for example, a citizen science platform) or other measures will improve his/her health
outcome (Venkatesh & Bala, 2008). In a malaria prevention context, it may be defined as the
extent to which an individual believes that malaria preventive measures may help to prevent
getting malaria by reducing human-vector contact. Studies conducted in malaria-endemic
areas of Nigeria and Burkina Faso indicated that perceived effectiveness and usefulness of
LLINs influence the intention to use them (Ankomah et al., 2012; Toé et al., 2009). Other
mHealth related studies conducted in Uganda (Campbell et al., 2017) and Bangladesh (Hoque,
2016) found a positive effect of perceived usefulness on behavioural intention. Therefore,
perceived usefulness predicts behavioural intention to participate in a citizen science platform
and also to use malaria preventive measures by community members.
Perceived ease of use refers to the degree to which a person believes that the use of a system
(Davis, 1989) or a technology ( Venkatesh & Bala, 2008), requires little effort. In their study,
Agudo-Peregrina et al. (2014) found that a high level of system complexity and particularly in
the case of users with low experience may reduce the intention to use the system. Other
mHealth related studies found a positive association between perceived ease of use and
behavioural intention (Campbell et al., 2017; Hoque, 2016). Thus, in our study, perceived ease
of use positively influences the behavioural intention to participate in a citizen science
platform and also to use malaria prevention measures by community members.
Behavioural intention
Behavioural intention is defined as the degree to which a person plans to perform a specific
behaviour (Venkatesh & Bala, 2008). Behavioural intention is a key predictor of behaviour
adoption, here referred to as malaria prevention measures and connective action – a
technologically organized process that results in joint action within and between communities
and stakeholder groups (Bennett & Segerberg, 2012).
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Malaria preventive measures include those at the individual or community levels (use of the
LLINs and cleaning of the home environment) as well as those performed by the government
(use of IRS). People are likely to use malaria preventive measures and or share the information
via a citizen science platform if they have the plan to do so. Following this rationale, our model
proposes that behavioural intention has a positive influence on both connective action and
the use of malaria preventive measures.
By using these malaria preventive measures, people gain experience, which, in turn, facilitates
the regular and continued use of these measures. Therefore, using malaria preventive
measures influences gaining of experience.
Connective action
Connective action is defined as a technologically organized process that may result in joint
action (Bennett & Segerberg, 2012). Dessewffy and Nagy (2016) argued that the use of a digital
platform has a potential role in spreading information and increasing communication. They
added that the use of social media influences collective action. In Rwanda, especially in rural
areas, the use of social media is less common. Additionally, DiMaggio et al. (2001) revealed
that the use of the internet provides opportunities to share and exchange information as well
as increases socialization. Though the internet is less common in rural areas of Rwanda, a
citizen science platform can be a channel for building the organizational capacity of the
community members to enhance the effectiveness of malaria preventive measures. Dessewffy
and Nagy (2016) also revealed the effect of using social media on collective action and
extending one’s social network. Example: if a citizen sends information related to malaria and
mosquitoes it is likely that first, his/her participation in malaria prevention may increase as a
result of improved malaria-related perceptions. Secondly, he/she may increase her interaction
with neighbours which in turn also increases the chance of this neighbour to participate in
sending this type of information as well. Thirdly, the information shared, perceptions, and
behaviour of people who participate in the platform may influence neighbours’ behaviour
(using preventive measures). By participating in the platform, there may be an increase in the
cleaning of mosquito breeding sites. Consequently, we propose that connective action has a
positive influence on collective action. By participating in the platform, there may be an
increase in sharing and exchange of malaria-related information which leads to the rise of
experience. Accordingly, the model proposes that connective action increases experience.
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Barriers

mobile phones or phone credits to report malaria-related observations on the other hand, as
well as the lack of information on usability and productivity of a citizen science platform, may
prevent the execution of intended behaviour. While developing an adoption readiness model,
Weidman et al. (2015) also identified lack of information about available technology, its
usability, productivity, and the associated cost to hinder innovation adoption. In rural areas of
Rwanda, most citizens have simple mobile phones and sometimes with no credits and in turn,
this may hinder their participation in the citizen science platform. Accordingly, our model
proposes that these barriers moderate the effect of behavioural intention on both connective
action and use of malaria preventive measures.
Other barriers like resistance to change, ignorance or lack of motivation may limit participation
in public activities. These barriers may affect the distribution of the potential risks and benefits
among community members following the introduction of a citizen science platform at both
individual and collective levels. Consequently, we propose that these barriers moderate the
effect of the connective action on collective action.
Collective action
Collective action is defined as activities that individuals contribute together with the aim of
seeking the public good (Bennett & Segerberg, 2012). Participation in voluntary associations,
groups or clubs is a universal action and members are attracted to join for the same purpose.
People are motivated to provide collective good, simply because of the attractiveness of the
collective good and common interests to the group members (Olson, 1971). Collective action
does not mean the involvement of everybody in the community or benefit to everybody,
rather of highly motivated and interested individuals who provide collective benefits for the
community (Oliver & Marwell, 1985). A study conducted in a rural area of Kenya (Diiro et al.
(2016) revealed that participation in community activities increases public health awareness
and experience in performing related interventions. This may happen through public meetings
and community work (Rickard et al., 2011). In Rwanda, there is also a community work every
last Saturday of the month, and from there, citizens discuss some topics including disease
prevention and receive some other important communication from the government.
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In turn, citizens may improve their awareness on those discussed issues. Consequently, the
model proposes that participation in collective action influences people to gain experience.
Experience gained from participation in a citizen science platform, involvement in collective
action, and use of malaria preventive measures may lead to a change of perceptions which
may turn into the rapid acceptance and consistent use of malaria preventive measures
(Mozumder & Marathe, 2007; Rickard et al., 2011). This experience may also improve trust
and social networks. Thus, the model proposes that having experience positively influences
both individual perceptions and social capital.
The model’s proposed relationships are to be tested through implementation of the project
by using a citizen science approach, in two separate phases. Phase one will test the malaria
risk perceptions and perceived efficacy of malaria preventive measures. This includes a
baseline survey to determine malaria perceptions and malaria preventive measures in the
local community. Phase two encompasses testing the entire model through a second
household survey with the aim to evaluate the contribution of a citizen science approach to
the consistent use and acceptance of malaria preventive measures. Both phases use a mixedmethods approach (quantitative and qualitative) with the aim to achieve triangulation of data.

Key features of a future citizen science platform in Rwanda
An integrated project called Environmental Virtual Observatories for Connective Action
(EVOCA) is currently underway to design, implement and evaluate a citizen science approach
that involves and evaluates the above-described research model. This interdisciplinary project
with both social and ecological aspects presents added advantages as it considers all potential
social and ecological data, hence prevent missing data in case these aspects are used
independently (Crain et al., 2014). This citizen science platform is proposed to complement
malaria prevention and control interventions that are currently implemented in Rwanda by
the National Malaria Control Program (NMCP). The NMCP has various activities related to
malaria prevention especially social and behavioural change communication strategies
through the use of interpersonal communication, community radio with a focus on community
mobilization and engagement in the use of LLINS and early diagnosis and treatment. The
project may also play an important role in sustaining the gains from a community engagement
project conducted in Ruhuha, Eastern region, Rwanda (Ingabire et al., 2016).
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The EVOCA project planned in Ruhuha sector to involve the existing local infrastructure
(CMATs) as useful and knowledgeable resources in the study area may improve their

2

efficiency.
Similar to the other citizen science initiatives on mosquito ecology in Europe (Kampen et al.,
2015), we envision the citizens to report information via either paper-based forms or via a
web-based form. Via paper-based form, citizens are supposed to collect information about
mosquito habitats, mosquito nuisance, and history of possible malaria episodes and this
information will be digitalized. The paper-based form will be developed and distributed among
those who are willing to participate in the project via monthly community work, evening
parent meetings (so-called akagoroba k’ ababyeyi), and other meetings that may be planned
in the community. Those with smartphones may report through a web-based form.
To empower citizens to become active participants in the project and in the decision-making
process regarding malaria, and its prevention, lay information needs to be provided. This may
include information about malaria causes, malaria symptoms, malaria preventive and control
measures, as well as early diagnosis and treatment.
Participation in citizen science requires community mobilization and motivation. Motivation
to participate in a citizen science project includes personal interest in the topic, social
interaction, and feedback as an external reward (Nov at al., 2011; Rotman et al., 2012). Olson
also has argued that what motivates people to participate are not economic motives (money
related), but rather other forms of motives, including friendship and respect, as well as other
social and psychological motives (Olson, 1971). A survey conducted in the Ruhuha sector, after
the establishment of CMATs in a community-based project, indicated an increase in personal
acceptance and use of malaria preventive measures (Ingabire et al., 2016). This showed that
the citizens gained more knowledge related to the burden of malaria, were interested in
malaria prevention and were able to make personal decisions making on how to prevent it.
Citizens are more likely to continue participation when their contributions are valued
throughout the project, when involved in further data analysis and when they get the
opportunity to have further training (Rotman et al., 2014). Though participation in citizen
science is voluntary, it may also be driven by external parties or social norms (Nov et al., 2011).
Rotman et al. (2014) also argued that the motivation of volunteers to participate in citizen
science projects is affected by both personal and societal interests.
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Nov et al. (2011) suggested that the design and implementation of a citizen science project
should attempt to raise the volunteers’ commitment to the project and related goals. To
achieve this, communicating the project’s goals and the intended outcome to the involved
volunteers is key. Rotman et al. (2014) added that the provision of feedback helps the
volunteers to understand what they have contributed. This, in turn, encourages them to do
more and continue their participation in the long term. While preparing and discussing the
implementation of a citizen science platform and motivation for participation, Bennett and
Segerberg (2012) emphasized that scientists should know the great importance of community
appreciation, respect and work/production recognition. Appreciation of volunteers is crucial
as they are investing their time and even resources without expectation of a monetary reward.
The form of feedback provision for our proposed citizen science platform will be discussed
beforehand to ensure that it is integrated in the research process.
The inclusion of all stakeholders and their views on this new proposed platform is the first step
before the actual design of the platform. Targeting all stakeholders does not automatically
mean that they all participate or are willing to participate, as this involves a process of
explaining the overall target and how everybody may benefit from that process. Discussing
and agreeing on the processes and rules of engagement beforehand may help to create links
and working lines among all stakeholders involved. Intensive and continuing interactions and
discussion with various parties improves relationships among different stakeholders’ groups
and build up their confidence to become partners in the research process (Giller et al., 2008).
This is planned to be done through stakeholder mapping and ensure that key stakeholders are
aware of all processes that are expected to be conducted. A study conducted by Ingabire
(2016) in Ruhuha, Rwanda did a stakeholder analysis and indicated three main categories of
stakeholders including a primary category (lay community), a secondary category
(administrative and health institutions), and a tertiary category who are key stakeholders
(policymakers and funders). Thus, this may help to know whom to target, and which message
to give to whom mainly at the initial stage.
Similar to other research projects, citizen science projects also encounter challenges and
barriers. These include lack of resources for implementation and running the project, lack of
or poorly designed technology, and lack of interest among decision-makers who are the
potential stakeholders, especially when it comes to the sustainability of the project.
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Rotman et al. (2014) argued that lack of time for participation, technological related problems,
communities. Considering the local context in which the implementation of the citizen science
platform will occur, especially taking into account that the citizens are farmers, first of all,
many of them may lack time for participation as most of the time they are working at their
farms. The level of literacy may also be an issue that may limit them to participate. However,
considering that at least one household member knows how to read and write, then this may
be less of an issue as long as one can help others to answer any given question or provide any
necessary information. Low socioeconomic status may prevent some of those interested in
using mobile phones to send SMS as they may not have the credits. However, this may be less
of an issue as an alternative paper-based form is planned.
Crain et al. (2014) revealed that mobilizing, attracting and retaining participants in citizen
science projects is a complex process as it relies on numerous cognitive, behavioural and social
characteristics. Therefore, there is a need to consider these barriers and characteristics from
the start of the design and implementation of every citizen science project. Addressing these
barriers and having decision-makers included and interested from the start of the design of
the project may enable both short and long term participation of all stakeholders including
volunteers. Therefore, these barriers and characteristics are considered in this integrated
project in order to focus on the connection between heterogeneous human and vector
behaviour. This chapter is focusing on human behaviour while a companion paper focuses on
malaria vector surveillance and environmental conditions (Murindahabi et al., 2018).

Conclusion
By taking an integrative approach, our model of determinants of malaria prevention behaviour
aims to enhance our understanding of the interrelationships between factors that influence
individuals to participate in a citizen science platform and use malaria preventive measures.
Our model of determinants of malaria prevention behaviour is the first to integrate the HBM,
TPB, and UTAUT models into a synthesized research model for explaining behavioural
intention to adopt a new innovation, in this case, malaria prevention measures and a citizen
science platform. This model could be useful as a foundation for future interventions and
research activities and will be tested in an application to support malaria prevention in
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Rwanda. The proposed conceptual framework describes linkages in malaria prevention
models and this has implications in both academic and societal settings in relation to malaria
prevention and control. Most of the proposed linkages between the concepts (social capital
and individual perceptions, social capital and collective action, connective action and
collective action, experiences and social capital, as well as experience and individual
perceptions to mention few) are new to malaria prevention context. Consequently, this
proposed model could be valid for behaviour research and other issues related to vectorborne or other infectious diseases. This model may serve as an important step in this field of
research, be empirically tested and provide useful information for further research and
academic debates from different countries. As shown it is initially important to consider
antecedents including social capital and individual perceptions when designing a citizen
science platform. Community mobilization is a key to get people interested in a citizen science
project. Features of a citizen science platform to be conducted as an interdisciplinary project
involving the collection of socio-ecological data also present a promising tool to complement
the existing malaria prevention and control interventions implemented by NMCP in Rwanda.
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Abstract
Malaria preventive measures, including long-lasting insecticide-treated bet nets (LLINs),
indoor residual spraying (IRS), and controlling mosquito breeding sites, are key measures to
achieve malaria elimination. Still, compliance with these recommended measures remains a
major challenge. By applying a novel and comprehensive model for determinants of malaria
prevention behaviour, this study tests how individual perceptions influence the intentions to
use malaria preventive measures and explores strategies that stimulate their consistent use.
The study was carried out in the sectors of Ruhuha and Busoro, Rwanda during October and
November 2017, and these were conducted into two phases. Phase one involved a
questionnaire survey (N=742), whereas Phase two employed a qualitative approach that
included nine focus group discussions, seven key informant interviews, and three in-depth
interviews. The findings of the quantitative study showed that participants very often use
LLINs (66.6%), accept IRS (73.9%), and drain stagnant water in case of presence (62%). The
intentions to use malaria preventive measures were consistently driven by perceived severity,
perceived self-efficacy, perceived response efficacy, and subjective norms, and hindered by
perceived barriers. The intentions were also positively associated with the actual use of LLINs,
acceptance of IRS, and drainage of stagnant water. The is no evidence that either not having
enough LLINs (ownership of at least one bed net in the household, here referred to as
availability) or having sufficient LLINs (having one LLIN per two people in the household, here
referred to as accessibility) moderated the relationship between behavioural intentions and
actual use of LLINs. The qualitative study indicated that participants believed malaria risk to
be high and perceived a high mosquito density. They also believed that repetitive malaria
episodes are caused by the perceived low effectiveness of anti-malaria medications. Lack of
LLINs increased the perceived added value of LLINs, and together with the increased malaria
burden increased the perceived response efficacy. Participants highlighted the need to
continuously mobilize and engage community members especially those who do not use LLINs
when having one, and those who do not accept the spraying activities. Malaria prevention
interventions should target individual perceptions to enhance the consistent use of malaria
preventive measures. Three strategies to improve consistent use and acceptance of these
measures are highlighted: (1) access to LLINs and regular spraying activities, (2) community
mobilization, and (3) citizen engagement in malaria prevention and control activities.
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Background
Malaria, a vector-borne disease, is a serious threat worldwide (WHO, 2017b). From 2010, a
even reversed in some countries (WHO, 2017b). One of these countries is Rwanda where since
2011 a significant increase in malaria incidence was observed (President’s Malaria Initiative,
2017). Despite this resurgence, significant progress in scaling up of malaria preventive
measures is currently taking place (MoH, 2017a). These measures include long-lasting
insecticide-treated bet nets (LLINs), indoor residual spraying (IRS), and the control of mosquito
breeding sites. The World Health Organization (WHO) recommends using LLINs for all people
who are at risk of getting malaria (MoH, 2017a). According to the Rwanda malaria contingency
plan 2016-2020, by 2020, 90% of the population at risk should be protected by the following
locally appropriate malaria preventive measures (use LLINs, accept IRS, and control all
mosquito breeding sites), and 75% should use LLINs consistently (MoH, 2017a).
Despite this ambition to increase the consistent use of preventive measures, the latest
Rwanda Demographic and Health Survey conducted in 2014-2015 indicated that 81% of
households own at least one LLIN and that only 43% of households have at least one LLIN for
every two people (RDHS, 2015). This indicates that the proportion of households with
sufficient LLINs (one LLIN for every two people) remains inadequate. The same report
indicated that 62% of the visited household members slept under LLINs the night before the
survey (RDHS, 2015). Apart from the use of LLINs, the implementation of IRS even dropped in
Rwanda due to limited resources (MoH, 2017a).
Whether people use LLINs consistently, accept IRS, and control mosquito breeding sites
depends on many factors including the accessibility to LLINs, and IRS, but also importantly on
people’s perception of malaria risk and of the effectiveness of malaria preventive measures
(Babalola et al., 2018). Hence, there is a need to understand people’s perceptions and
determine to what extent they predict the intentions towards the actual and consistent use
of malaria preventive measures.
Although limited availability of LLINs (not having one LLIN per two people) is a critical factor
of non-use (Hetzel et al., 2012; Ricotta et al., 2015), several studies indicate that around 20%
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of the people who own LLINs still do not use them (Ernst et al., 2017; Gonahasa et al., 2018;
Kateera et al., 2015; Ntuku et al., 2017; Samadoulougou et al., 2017). This calculation of use
gap was mainly based on two indicators: ownership of at least one LLIN, and population use
of LLIN, and this calculation may be misleading since the consideration of ownership of at least
one LLIN may leave out those with insufficient LLINs (availability) (Koenker & Kilian, 2014).
However, the extent to which both ownership of at least one LLIN and accessibility (having
one bed net per two people in the household) affect the consistent use of LLINs is still unclear.
Other studies reported IRS refusal and failing to remove stagnant water bodies (Ingabire et al.,
2015; Kaufman et al., 2012; Munguambe et al., 2011). From these studies, there are
indications that the use of malaria preventive measures is partly determined by the perception
of the risk of malaria infection and the effectiveness of these measures, by the increased
prevalence of insects in the house after spraying, and by throwing LLINs away once they
become dirty or torn out (Babalola et al., 2018; Birhanu et al., 2015; Hung et al., 2014; Ingabire
et al., 2015; Kaufman et al., 2012; Munguambe et al., 2011; Watanabe et al., 2014).
Only few studies assessed the determinants of consistent bed net use (Babalola et al., 2018;
Koenker et al., 2013), and as of yet, there is no evidence of the extent to which the identified
determinants affect the intentions to use malaria preventive measures consistently, how
important they are and how they can be influenced. In addition, a study using an integrated
model of determinants of malaria preventive behaviour (Asingizwe et al., 2018) that maps the
association between these perceptions and intentions to use these preventive measures is
lacking. The current study aims to assess how individual perceptions influence the intentions
to use malaria preventive measures and to explore strategies that may stimulate consistent
use of malaria preventive measures. Therefore, the study addressed the following research
questions: (1) how do community members perceive the risk of malaria? (2) how do
community members perceive the effectiveness of malaria preventive measures? (3) to what
extent do individual perceptions influence the intentions to use malaria preventive measures?
and (4) what strategies can, according to community members, be used to stimulate
consistent use of malaria preventive measures? In this chapter, “availability is defined as
having at least one LLIN and this is considered as not having enough LLINs” as most of
households have more than two people. In addition, “accessibility is defined as having one
LLIN per two people and this means having sufficient LLINs in the household”.
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Both variables (availability and accessibility) were included in the conceptual framework and
statistical models as moderators between behaviour intentions and consistent use of LLINs.

3

Conceptual framework
In order to understand how individual perceptions influence behavioural intentions to use
malaria preventive measures, the study uses an integrated model of determinants of malaria
prevention behaviour (Asingizwe et al., 2018). The model categorizes individual perceptions
into perceived severity, perceived susceptibility, perceived self-efficacy, perceived response
efficacy, subjective norms, and perceived barriers (Asingizwe et al., 2018). Below, the rationale
behind the different determinants in the model (Figure 3.1), and how the model’s
determinants positively or negatively predict intentions to consistently use malaria preventive
measures are described.

Figure 3.1: Overview of how determinants influence the use of malaria preventive measures
(Asingizwe et al., 2018)
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Malaria risk perceptions have been reported to predict the consistent use of LLINs (Koenker
et al., 2013; Watanabe et al., 2014). If people intend to use malaria preventive measures
because of associated high perceived risk of malaria, then it is likely that once the malaria
prevalence reduces, the adoption rate of these measures also decreases (Koenker et al., 2013).
Some people plan to use the LLINs because they have noted how they prevent malaria and
think that consistently using them is better to remain free from malaria even if the prevalence
of malaria reduces. However, for other people, the usage of LLINs drops because people think
that malaria is no longer a problem (Koenker et al., 2013). Thus, perceived severity of malaria
positively influences intentions to use and accept malaria preventive measures. People who
do not perceive themselves to be at risk of having malaria are less likely to adopt these
measures even if they own them (Ankomah et al., 2012). Consequently, the perceived
susceptibility is positively associated with the behavioural intentions to use malaria preventive
measures (Figure 3.1).
Some studies documented that the perceived self-efficacy (belief in one’s ability to use malaria
preventive measures), and the perceived response efficacy (people’s beliefs about the
effectiveness of malaria preventive measures) influence the consistent use of these measures
(Babalola et al., 2018; Hung et al., 2014). Similarly, Beer et al. (2012) indicated that perceived
response efficacy of LLINs remains an important reason for using them in case of a reduction
in malaria incidence and associated low malaria risk perception. Accordingly, both perceived
self-efficacy and response efficacy will positively influence the intentions for the consistent
use of malaria preventive measures (Figure 3.1). Among other factors that influence intentions
to use LLINs consistently, Koenker et al. (2013) presents the role of subjective norms. If a high
proportion of people in the community sleep under LLINs, accept IRS, and drain stagnant
water, then many people in that community may intend to follow the apparent social norm
and may plan to consistently do the same (Babalola et al., 2018). Thus, subjective norms and
behavioural intentions are expected to have a positive relationship (Figure 3.1). However,
when people believe that the chemicals in LLINs are no longer effective in killing mosquitoes,
they are more likely to use them for other purposes (Birhanu et al., 2015).
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Perceived barriers to use LLINs and accept IRS, including feeling too hot when sleeping under
the LLINs (especially in the dry season), discomfort, irritability, and presence of bed bugs or
other insects after spraying, were reported in previous studies (Hetzel et al., 2012; Ingabire et
measures (Hetzel et al., 2012; Ingabire et al., 2015). Consequently, perceived barriers will
negatively influence behavioural intentions (Figure 3.1). Previous studies indicated that both
ownership of at least one LLIN and access (having sufficient LLINs) are strong determinants for
its use (Hetzel et al., 2012; Ricotta et al., 2015). Therefore, not having enough LLINs (having at
least one LLIN) and access (having enough LLINs: one per two people) will moderate the effect
of intentions on use of LLINs (Figure 3.1).

Quantitative and qualitative approaches to study individual perceptions
The research consisted of two phases (Figure 3.2) and these were driven by the research
questions which were informed by the conceptual framework. Phase one involved a
quantitative study to map and assess the strength and direction of the relationships between
the model variables. Phase two involved a qualitative study and was added to enable more
comprehensive explanations for why participants have certain perceptions related to malaria
and malaria preventive measures, and to identify strategies to enhance the consistent use of
these measures. Additionally, the qualitative approach tried to better understand the
relationships that were identified in the quantitative phase. Given an equal emphasis among
the two phases, the data were collected close together in time. The two phases are linked in
that all stages (that is, design, data collection, analysis, results interpretation, and integration)
(Figure 3.2) are developed based on the concepts of the research model (conceptual
framework). Thus, the research model (called “Model” in Figure 3.2), informed all stages of
the research process. Consequently, quantitative and qualitative phases complement each
other, with the ultimate aim of enabling drawing a robust conclusion. As such, this mixed
methods design provides more insights related to the directions and strengths of the
relationships indicated in the model and offers the underlying explanations to why people
have these perceptions.
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Figure 3.2: Flow and exchange between the two research phases (quantitative and
qualitative)

Quantitative phase
Methods
Study setting
The relationships between individual perceptions and behavioural intentions, and the possible
moderating role of both not having enough LLINs and having sufficient LLINs on intentions and
LLINs use were tested in Ruhuha, a sector in Rwanda’s Eastern province, and Busoro, a
neighbouring sector, but in Rwanda’s Southern province. Ruhuha has around 35 villages
grouped in five cells, and approximately 5,000 households (Kateera et al., 2015), while Busoro
has around 40 villages grouped in six cells, and approximately 8,000 households. Both sectors
have numerous marshlands and water streams draining into the Akagera River, and were
selected as they are among the highest malaria-endemic areas in the country due to the
presence of these marshlands and various rice farming activities that are a source for malaria
vectors (Kateera et al., 2015).
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Study population and sample size
The study population included all households in Ruhuha and Busoro sectors. A sample of 742
multistage sampling method was used, including stratified random sampling. Each cell within
each sector was considered as a stratum, giving a total of 11 strata. Cells have a range of five
to nine villages. At the cell level, two villages were selected by simple random sampling. At the
village level, lists of households were provided by the village leaders, and systematic random
sampling was used to draw a sample of households to be visited. The nth household was
determined based on the size of the village, and a starting number was chosen randomly.

Data collection
At the start, an initial meeting with the village leaders of selected villages was conducted. The
selected households were notified ahead of time by the respective village leaders. A team of
six research assistants conducted the survey. The team was fluent in the local language
(Kinyarwanda) and the research assistants received a one-day training session to interview the
respondents. The questionnaire was installed on Samsung Galaxy 2 Tablets using Open Data
Kit (ODK) software. Written informed consent was signed by the head of a household prior to
initiation of the data collection. Whenever possible and with participants’ agreement, direct
observations were made to minimize self-reported biases, mostly in the case of LLIN use.
Participants did not receive any form of compensation or reimbursement.

Variables
The questionnaire was first developed in English, translated in Kinyarwanda, back-translated
into English, and then pre-tested in a pilot study of 10 households selected randomly in the
Mareba sector, Eastern Province, Rwanda. All translations were made by professional
translators including members of the project team and cross-checked by native speakers. The
translators were asked to review and cross-check the items and identify any problems in
language, terminology, understandability, and relevance.
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All independent variables were measured on five-point Likert scales (from 1 - strongly disagree
to 5 - strongly agree). These included perceived severity, perceived susceptibility, perceived
self-efficacy, perceived response efficacy, subjective norms, and perceived barriers. The latter
was assessed into two categories: perceived discomfort and perceived lack of information.
Except behavioural intentions, which was measured on five-point Likert scales (from 1 strongly disagree to 5 - strongly agree), other dependent variables including consistent use of
LLINs, acceptance of IRS, and draining stagnant water were measured on five-point Likert
scales (from 1 almost never to 5-very often).
Data analysis
SPSS version 21 was used to test the relationships between the model variables. Descriptive
statistics using frequencies, percentages, means and standard deviations were used to
summarize the data. Cronbach’s alpha values were calculated to determine the internal
reliability of the variables of interest. Correlation coefficients were computed to explore the
relationships between the predictor variables. The mean item scores were obtained by
dividing the sum scores by the number of items for each subscale. To determine the
independent predictors of the behavioural intentions and malaria preventive measures, a
hierarchical linear regression analysis was conducted consisting of two steps. In the first step,
demographic characteristics (age, gender, and education) were included as control variables.
In step 2, the predictor variables perceived severity, perceived susceptibility, perceived selfefficacy, perceived response efficacy, subjective norms, perceived discomfort, and perceived
lack of information were added. To investigate whether the strength and direction of the
relationship between behavioural intentions and use of LLINs could be changed by the two
moderators availability and accessiblity of LLINs , a moderation analysis was conducted. This
was done through assessing the statistical significance of interaction terms from: (1)
availability (not having enough LLINs and defined as having at least one LLINs), and (2)
accessibility (defined as having sufficient LLINs: one per two people) and behavioural
intentions in the regression model. The two moderators were included to explore whether:
(1) having at least one LLIN will improve their consistent use by buying others in case of need,
and (2) having sufficient LLINs will motivate people to increase their consistent use. As used in
other studies, the access (having one LLIN per two people) was calculated by dividing the
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number of LLINs owned by each household by the number of household members [who slept
in that household the previous night preceding the survey] (Koenker & Kilian, 2014; MEASURE

3

Evaluation et al., 2013).
Ethics approval and consent to participate
The ethical approval was guaranteed to the study (Approval Notice: No 405/CMHS/IRB/2016)
by the Institutional Review Board of the College of Medicine and Health Sciences, University
of Rwanda. In addition, Rwanda Biomedical Center and Bugesera district approved this study.

Results
Participants characteristics
Of the 742 study participants, 59% were female, more than half had either no formal
education or incomplete primary school, and most of them were farmers (78.6%) (Table 3.1).
The average age of the respondents was 43.3 years (SD = 14.8), and the majority (69.4%)
owned a bed net.
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Table 3.1: Characteristics of the study participants
Variables

Variable categories

n (%)

Gender

Male
Female
None
Incomplete primary
Complete primary
Incomplete secondary
Complete secondary
Tertiary
Farmer
Public servant
Self-employed
Private servant
Student
Unemployed
Mean (SD)
Mean (SD)
Mean (SD)
Mean (SD)
No
Yes

304 (41)
438 (59)
247 (33.3)
248 (33.4)
183 (24.7)
32 (4.3)
28 (3.8)
4 (0.5)
583 (78.6)
5 (0.7)
40 (5.4)
15 (2)
5 (0.7)
94 (12.7)
43.3 (14.8)
4.9 (2.2)
2.5 (1.1)
2.2 (1.0)
227 (30.6)
515 (69.4)

Education

Occupation

Age
N of HH members
N of sleeping rooms
N of beds
LLIN ownership

LLIN used last night (among those
No
who own them)
Yes
Every household member
Household members that use bed Only adults
net last night
Only few people (mixture group)
Only children
N LLINs owned
Mean (SD)
Access (one LLIN per two people)
Mean (SD)
No
Ever heard about IRS
Yes
No
Presence of stagnant water
Yes
No
Presence of bed bugs
Yes

62

63 (12.2)
452 (87.8)
310 (68.6)
70 (15.5)
42 (9.3)
30 (6.6)
2.01 (1.13)
0.47 (0.34)
56 (7.5)
686 (92.5)
585 (78.8)
157 (21.2)
297 (40)
445 (60)
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Internal reliability and correlations between predictor variables
As shown in Table 3.2, the Cronbach’s alpha values for eight constructs ranged from .64 to .90
predictor variable was significantly positively associated with perceived self-efficacy and
response efficacy, and negatively associated with perceived discomfort and lack of
information. All relationships will be fully explored in the following analysis.
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indicating that the scales used had adequate reliability. The behavioural intentions as the main

N
of Cronbach's M (SD)
items
alpha
1. Perceived severity
8
.76
4.38 (0.51)
2. Perceived susceptibility
8
.71
3.44 (0.68)
3. Perceived self-efficacy
7
.77
4.37 (0.50)
4. Perceived response efficacy
6
.64
3.92 (0.63)
5. Subjective norms
9
.86
2.99 (0.74)
6. Perceived discomfort
5
.69
1.74 (0.66)
7. Perceived lack of information
2
.76
2.13 (1.01)
8. Behavioural intentions
7
.90
4.53 (0.47)
Note: * p < 0.01; ** p < 0.001. M = mean; SD = standard deviation.

Subscales

Table 3.2: Bi-variate correlations between study variables

2

.11*
.06
-.03
-.05
-.13**
.11*

1
.24**
.42**
.35**
-.03
-.27**
-.31**
.38**
.52**
.04
-.49**
-.49**
.62**

3

.01
-.35**
-.35**
.45**

4

-.02
-.13**
.15**

5

.38**
-.49**

6

-.52**

7
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Malaria preventive measures
Respondents were asked to rate the frequency of performing three different malaria
(consistently) uses an LLIN, 73.9% accepts IRS to be done in their house, and 62.0% drains
stagnant water in case it is present. No apparent substantial differences across the three
malaria preventive measures studied was found (Figure 3.3).
100
90
80

73.9
66.6

Percentage

70

62

60
50
40
30
20
10
0

9.1
3.2 1.9

Almost never

3.9

3

6.5

Rarely

Use of bed net

8.9

9

13.9

Occasionally
IRS acceptance

11.5 10.9

15.7

Often

Very often

Draining stagnant water

Figure 3.3: Use and acceptance of malaria preventive measures
Predictors of behavioural intentions to use malaria preventive measures
The results show that perceived severity, perceived self-efficacy, perceived response efficacy,
and subjective norms were positively related to behavioural intentions, while perceived
discomfort and lack of information were negatively related. The full model explained 50% of
variance of behavioural intentions (Table 3.3). Looking at the control variables, there was no
significant difference in behavioural intentions between male and female, and between older
and younger participants. However, there is a slight significant positive relationship between
behavioural intentions and education.
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Table 3.3: Regression analysis of predictors of behavioural intentions to use the malaria
preventive measures
Steps Variables
Behavioural intentions
1
2
1
Age
.03
.00
Gender
.02
.00
Education
.08*
.01
2
Perceived severity
.09**
Perceived susceptibility
.01
Perceived self-efficacy
.31***
Perceived response efficacy
.11***
Subjective norms
.11***
Perceived discomfort
-.19***
Perceived lack of information
-.20***
R2 Change
.50***
Adjusted R2
.00
.50***
Note: Standardized regression coefficients are reported. *p < .05; **p < .01; ***p < .001.
Moderation analysis of behavioural intentions and use of malaria preventive measures
Interaction terms were computed from the availability and accessibility of LLINs and
behavioural intentions. The results showed that behavioural intentions were positively related
to LLINs use, IRS acceptance, and draining stagnant water in case present. However, no
evidence supported the hypotheses that either availability or accessibility of LLINs moderated
the relationship between behavioural intentions and actual use of LLINs (Table 3.4). Looking
at the control variables, slight significant associations between gender, education and use of
LLINs, and a significant positive relationship between age and draining stagnant water were
observed.
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Table 3.4: Moderation analysis on behavioural intentions and use of malaria preventive
Steps
1

2

3

Variables

1
-.00

2
-.01

Stagnant
water
1
2
.26*
.22*

.04

.03

-.02

-.04

.01

-.00
.22**
*

.05

.04

LLINs

Age

1
-.02

2
-.05

Gender

-.08

-.08

Education

.09*

.06

Behavioural intentions

.10*

Availability
Accessibility
Interaction
term
1
(behavioural
intentions
and availability)
Interaction
term
2
(behavioural
intentions
and accessibility)

-.02
.08

IRS
3
-.04
.08*
.06
.10*
-.01
.07
-.05
.07

.04**
.03
*
Note: Standardized regression coefficients are reported. *p < .05; ***p < .001.
Adjusted R2

.21*

.01*

.02*

.02

-.00

.07*

In summary, intentions to use malaria preventive measures were positively influenced by
perceived severity of malaria, perceived self-efficacy, perceived effectiveness of malaria
preventive measures, and subjective norms, and negatively associated with perceived barriers
(perceived discomfort and lack of information). There was no significant evidence supporting
the moderation between either availability or accessibility of LLINs to behavioural intentions
and use of LLINs (Figure 3.4). Standardized coefficients are reported.
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Figure 3.4: Results of the integrated model showing the relationships (* indicates a
significant relationship)

Qualitative phase
Based on the relationships that were found in the quantitative survey, a more in-depth
understanding of the mechanisms that explain these relationships was obtained. This was
done by exploring different perceptions related to malaria and malaria preventive measures,
and identifying strategies to enhance the consistent use of these measures. Therefore, phase
two employed focus group discussions and interviews to gain this in-depth understanding.

Methods
Selection of participants
A total of 76 residents of the Ruhuha sector took part in nine Focus Group Discussions (FGDs),
seven Key Informant Interviews (KIIs) and three In-Depth Interviews (IDIs). A homogenous
purposive sampling method was used to select the community members to participate in
three FGDs of male, female, and youth respectively. The selection of participants with similar
characteristics (age and gender) in FGDs was performed to ensure that all participants had
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equal opportunities to share their views. Consequently, male, female, and youth groups were
selected. Other groups were identified based on a stakeholder analysis described in a previous
study (Ingabire et al., 2016). The FGDs were composed of (1) one group of Community Health
one group of female community members, (4) one group of male community members, (5)
one group of youth community members, (6) three groups of cooperative members, and (7)
one group of religious leaders. Initially, the target was to have eight participants per group
discussion, however, on the scheduled day, some participants were unable to attend the
discussion due to different personal reasons. Consequently, the youth and male groups had
seven participants each and the religious group had five participants. Initially, ten FGDs, ten
KIIs, and three IDIs were scheduled to start with. Following the review and assessment of the
transcripts and notes taken, after conducting nine FGDs, seven KIIs, and three IDIs, saturation
had been achieved as no new data was appearing and all concepts in the conceptual
framework were fully developed.
At the start, contact details of suitable CHWs and CMATs that could be contacted for FGDs and
interviews were obtained from the local health centre. Male, female and youth community
members’ participants were identified by the CHWs and CMATs. Cooperative members and
church leaders were selected with the help of Ruhuha sector staff. In addition, the interviews
with sector level staff and policymakers were scheduled by the researcher. Participants from
KII included the representative of CHWs at cell and sector level, in charge of cooperative’s
union, one participant at the sector level, and one participant at the national level. The
participants of IDI involved three community members (a male, female, and a young person,
aged around 20 years).
Data collection
A focus group guide and interview guide (one for IDI and another for KII) were developed
based on concepts from the conceptual framework (Figure 3.1) and the research questions.
Minor adjustments and few probes were added throughout the data collection based on
preceding FGDs, and interviews. Data were collected by one PhD researcher trained in
qualitative data collection. A digital voice recorder was used alongside with taking notes.
Verbal consent for participation and recording was obtained prior to the start of each FGD and
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Workers (CHWs), (2) one group of members of Community Malaria Action Teams (CMATs), (3)
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interview. Only one interview participant refused to be recorded. In that case, the researcher
only took notes. The FGD lasted between 70 and 90 minutes, while both IDI and KII lasted
approximately the same time and took between 40 and 60 minutes. The interviews with sector
level staff and policymakers were conducted in their offices or at another suitable location.
The remaining interviews were conducted at the health centre. The language used during all
discussions and interviews was Kinyarwanda as all participants were proficient in this
language.
Data analysis
Thematic analysis followed by mainly a deductive method was employed to analyse the data
(Braun & Clarke, 2006; Elo & Kyngas, 2008). Data were evaluated following the consolidated
criteria for reporting qualitative research (COREQ) guidelines (Tong et al., 2007). The
integrated model of determinants of malaria preventive behaviour guided the analysis and its
concepts served as the main themes. However, in case additional themes emerged, then those
were added. Voice recorded interviews and FGDs were transcribed and translated into English.
Transcripts were verified for completeness and checked to ensure that personal identifiers
were deleted. The research team conducted an iterative revision and discussion about
verbatim texts. Analysis of the text resulted in an initial set of categories that were
independently developed by the first author. This was done following the deductive nature of
content analysis, which was driven by a predefined conceptual framework and related
concepts which were considered the main themes. Other members of the research team (2nd,
3rd and 4th authors) further independently reviewed this initial set of coding and suggested
additional categories to increase the readability of the findings. These categories were further
matched with the list of corresponding themes. No much discrepancy was observed, and in
case discrepancy in the categories was found, then this was resolved before they were applied
to quotes. Hence, inter-rater agreement and kappa were not calculated as was not deemed
necessary. In presenting the results, the headings reflect the main themes used for the analysis
and subheadings reflect the categories that emerged during the discussion and the process of
reading and coding the transcripts.
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Results
In this section, the results are reported based on the seven themes of discussion: (1) perceived
bed nets, (4) perceived response efficacy of bed nets, (5) perceived barriers to use bed nets,
(6) IRS acceptance, and (7) strategies to enhance the consistent use of malaria preventive
measures. As shown in the sections below, some of these themes indicated more variation
among participants compared to others, hence these are reported using different categories
that emerged during the discussion.
Perceived severity of malaria
Participants indicated that the incidence of malaria clearly increased in 2017 relative to 2016.
Malaria severity and an increase in the number of malaria cases was discussed and four
categories emerged: (1) malaria is perceived as an epidemic, (2) a high number of malaria
cases in relation to high mosquito density, (3) increased malaria cases in relation to weather
as well as (4) repetitive episodes of malaria in relation to low perceived effectiveness of
Coartem® (brand name of artemether-lumefantrine, one of the medicines recommended for
artemisinin-based combination therapy).
Malaria is perceived as an epidemic
Malaria was widely believed to be a serious disease and more severe than it used to be in the
past (in 2017 compared to 2016). With no exception, participants perceived that malaria
posed a very real threat. They expressed worry as most of the household members suffer from
malaria from time to time and it is hard to find a family without a malaria case:
“In the past, malaria was not considered as a severe disease, however nowadays it has become
an epidemic. When you visit one household, you find that, for example, five members suffer
from malaria. For this reason, people are even telling us to ask the health professionals on their
behalf whether this is malaria as it used to be or whether it is an epidemic.” (CHWs FGD)
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“Nowadays people are asking themselves what kind of disease is this? 2017 came with a
difference in relation to malaria, compared to 2016. Even people are calling each other to go
to the health centre together as if they are going to pray together!.” (Male FGD)
A high number of malaria cases in relation to high mosquito density
Some participants indicated that there is a high mosquito density and mosquito nuisance. The
participants also reported an increase in perceived severity of malaria. Mosquitoes were
reported to be everywhere in or outside the house and they can bite anytime especially during
the night when sleeping:
“These days in the evening, you hear a lot of mosquito noises like bee buzzing. There are a lot
of mosquitoes these days, and this makes me think that even if you are protected under the
bed net at night you can even get a mosquito bite outside the house, and get malaria.” (Female
FGD)
Increased malaria cases in relation to weather
Few participants associated the malaria burden with seasonality. In this line, it was perceived
that malaria cases increase when it starts raining (in September) as a result of rapid mosquito
reproduction, and malaria cases decrease during the dry season (in July):
“Because of change in weather many people are being affected. Nowadays, we are in a short
rainy season (locally termed Umuhindo), and we know that there is a lot of multiplication of
mosquitoes in this period. Although mosquitoes multiply throughout all seasons, this can be
one of the reasons for this increase in malaria cases. “ (Cooperative FGD)
Repetitive episodes of malaria in relation to the low perceived effectiveness of Coartem®
By having repetitive malaria episodes without cure, respondents reported that these episodes
may be due to low effectiveness of the malaria medicine, and reported a need to either
replace the current medicines and bring ones with high effectiveness or find out a malaria
vaccine. Participants believed that normally when you have malaria and get treated, one cure
of Coartem® is enough for the sick person to get better. However, their experience is that this
is no longer the case. Some of the participants reported to prefer buying some medicines in
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private pharmacies and perceived that they have a higher quality than those found at the
health centre:
“Malaria has increased this year (2017), there are many malaria cases. We have observed that
days a person completes the cure without getting better, and after some days a person falls
sick again. Thus, personally, I see that the current medicines may no longer have a strong
capacity to cure malaria.”(KII Female participant)
“When you discuss with people, they tell you that when they go to the health centre and get
medication, they don’t get cured, but when they go to the private pharmacy and buy
medications [there are some medications for 3500 Rwf, approximately 4 US dollars] they get
cured. Why this, they asked? Do the medicines from the health centre have the same capacity
to treat malaria as those at the pharmacy?” (Youth FGD)
Perceived susceptibility to malaria
There was a general agreement about susceptibility to malaria among the participants and
there was not much variation in the responses indicated. Everybody was considered at risk of
getting malaria, and this was mainly due to the observed increase in malaria prevalence.
Participants reported that there are many people who are going for treatment and that during
the last years they did not suffer from malaria, but now they got it. There is a diversity in those
people affected and you can not say that it is only one group of people or certain age group,
rather all people, men, women, and children:
“This year was so special to me. I have never suffered from malaria before, but some months
ago I got it and it was serious. I went to the CHW and had it diagnosed. After a few days, my
wife and children also had it. Now, being either a child, young adult, or old person does not
matter. Everybody is getting malaria.” (Male FGD)
“Last time I treated an old woman (81 years) and she told me that it was her first time to suffer
from malaria in her life. She told me that it is an epidemic and not malaria as such. She was
advising me to go and ask the health professionals about this epidemic in [cell name was
removed] this cell.”(CHWs FGD)
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Perceived self-efficacy to use a bed net
There was not much variation in the reported self-efficacy to use a bed net. All participants
agreed that community members are confident in their ability to use a bed net when available.
They reported that sleeping under a bed net is an activity that they are confident to perform.
In addition, they also mentioned that it is their responsibility to monitor their children (mostly
children under five years of age, as these cannot put the bed net on the bed themselves) so
that they are sure that they sleep under the bed net once they own it:
“Sleeping under a bed net does not cost anything and I believe that even for those who don’t
have a bed frame it is not a problem, they hang the bed net on the wall and it looks fine.”
(CHWs FGD).
Perceived response efficacy of LLINs
Many participants believed LLIN to be an effective measure to prevent malaria. Although this
was reported, many participants indicated the observed high perceived effectiveness of LLINs
to be related to the increase of malaria incidence (reported as an increased number of malaria
cases), and the reduction of the number of bed nets owned. This reported effectiveness of
LLINs was extended beyond malaria prevention as some participants highlighted the nonmalaria benefits of the LLINs. However, few participants noted that the observed increase of
malaria incidence is beyond the capacity of LLINs protection. The reported perceived
effectiveness of LLINs could be split into three categories: (i) increase of malaria incidence in
relation to the decrease in the number of LLINs owned; (ii) non-malaria benefits of LLINs; and
(iii) perceived absence of insecticide and type of LLINs owned.
The increase of malaria incidence in relation to the decrease in the number of LLINs owned
It was clear that the increase of malaria cases and associated consequences is related to the
reported high perceived effectiveness of bed nets. Given the high malaria incidence,
participants reported that even when it is too hot to use bed nets, the nets are an important
tool in preventing being bitten by mosquitoes including those causing malaria.
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The reported effectiveness is also linked to the decrease of LLINs ownership as many
participants reported planning to use them, and, unfortunately, they do not own them
anymore as some of the participants noted that the LLINs received from last distribution were
“Since malaria severity has gone up people started appreciating the importance of the bed
nets. Unfortunately, some of them don’t have the bed nets as from the last distribution some
people received the bed nets but they used them for other purposes.” (KII Male participant)
“During the previous years, people did not value the bed nets and there weren’t many malaria
cases. However, nowadays as malaria cases have increased, they started giving them value
when they don’t have them. It is similar to the other proverb “utaribwa ntakinga” meaning
that you increase awareness when you lose.” (FGD CHWs)
Non-malaria benefits of LLINs
Apart from being a malaria preventive measure, protection against other insects or reptiles
that may fall from the roof while sleeping were reported as non malaria related benefits of
LLINs. Some of the participants highlighted that sleeping under a LLINs has become a common
practice. They are considering bed nets as something that protects them without thinking
necessarily about mosquitoes. Even if it can be hot, they prefer to sleep under the bed net and
leave aside the bed sheets:
“I have never slept without a bed net because it can even protect me from other insects or
reptiles like lizards that may fall over. For example, I was sleeping one day and I started feeling
sand/pebble falling from the roof. When I looked, it was a snake climbing the wall. Therefore,
if I had not slept under the bed net, it would have bitten me. Thus, sleeping under the bed net
and making sure you insert it properly under the mattress protects you from so many things.”
(CHWs FGD)
Perceived absence of insecticide and type of LLINs owned
Due to high perceived severity of malaria, some community members believe that this severity
of malaria exceeds the capacity of the LLINs. People believe that the LLINs do not have the

75

3

used for other unintended purposes:

Chapter 3
proper insecticidal protection, or the insecticides are not effective anymore and the LLINs are
no longer able to keep the mosquitoes away. Participants indicated that normally mosquitoes
would die immediately when they get into contact with the LLINs, however, that is not the
case, rather mosquitoes just remain alive on LLINs. Few participants reported also the large
mesh size of some type of LLINs and perceived that they can allow mosquitoes to enter and
bite the person while sleeping:
“A few months ago, I got a new bed net from the health centre, and I currently sleep under it,
but my child gets sick very often and sometimes everybody at home is sick, then I am wondering
why? I think the bed nets are not effective anymore.” (Male FGD)
“I think the main reason why many people are affected by malaria is that these bed nets do
not have the insecticide for protection, therefore the mosquitoes can bite anytime. I have also
seen that the current bed nets have big mesh and I believe that they can even allow mosquitoes
to enter and bite the person sleeping under it. Truly they are not protecting us.” (Female FGD)
Perceived barriers to use LLINs
Participants indicated three types of barriers that affect the use of LLINs. This can be
thematically grouped under: (i) lack of or limited availability of LLINs; (ii) discomfort due to
hotness, irritation, and bed bugs; as well as (iii) weak malaria risk perception.
Lack of or limited availability of LLINs
Lack of bed nets was mentioned by most of the participants to be the first barrier to use them
and automatically put them at risk of getting malaria. Even for LLINs that are still intact,
participants mentioned that they no longer contain insecticidal effects which underscore the
need for replacement or retreatment (a procedure that was done by using “Karishya” kits that
could be found in different shops, but they are no longer available). However, with the LLINs,
retreatment is no longer necessary as they are treated with insecticides in the factory and this
eliminates the needs for retreatment. Participants highlighted that the LLINs are only available
for those attending antenatal consultation or vaccination:
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“These days, people don’t have bed nets. Most of the households do not have bed nets. It is
even clear because once an infected malaria mosquito bites somebody in the family, you will
see that after some time all family members are sick because of lack of preventive measures.

3

This means that the same malaria mosquito stays in the house and bites all of them.” (CHWs
FGD)
“These days people get bed nets at the health centre from antenatal consultation or child
vaccination at 9 months. Those who don’t attend consultation or vaccination services have a
problem of getting bed nets.” (Male FGD)
Discomfort due to hotness, irritation, and bed bugs
Discomfort while sleeping under LLINs in the dry season, irritation (especially for those using
the bed net with a strong texture or getting in contact with LLINs when using it for the first
time), and presence of bed bugs while sleeping under the bed net were reported as hindrances
to use bed nets. Many participants noted that the discomfort used to be the main hindrance.
However, it was reported by few participants only, as perceived malaria risk exceeds the
reported discomfort and many people have changed their opinion/perception:
“There is a time you go around mobilizing people to sleep under the bed net, but some, honestly
tell you that if they use a bed net, they get irritated. And these days many people have bed
bugs in their beds which prevent people to use bed nets even if they own the nets.” (KII Female
participant)
“In my house, I have not moved from my sleeping room because of a mosquito, but I have
moved because of bed bugs. It is really annoying. Therefore I pay much attention to the bed
bugs more than I do for the mosquitoes and I can not sleep in a bed net when bed bugs are
there.” (Male FGD)
“Due to the hotness that is here in Bugesera, sleeping under the bed net sometimes is like a
punishment. And you may say that “even if I get a mosquito bite and get malaria, I will get
treated instead of sleeping the whole week in this condition, it is really very hot.”(KII Male
participant)
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Weak malaria risk perception
Although some respondents mentioned bed bugs as a barrier to sleep under a bed net, others
believe that more attention should be on mosquitoes rather than bed bugs. This was explained
in relation to the consequences of malaria where also the cost of treatment is involved once
the person gets sick. Participants added that when a person is sick, his/her routine activities
are disrupted, hence his/her economy is affected. Hence, the perceived malaria risk outweighs
the perceived beg bugs’ bites:
“If there is a room in my house that I can move in and not get into contact with the bed bugs,
but no room I can go in and say that I am safe from the mosquitoes, then I should be worried.
I know bed bugs are bad and when they bite they cause itching, but after all, I get up in the
morning and go to my farms without any problem. In contrast, when an infected mosquito
bites me, and I get malaria, in the morning I have to look for somebody to take me to the health
centre as I cannot reach there alone. Consequently, this affects my economy ”(Male FGD).
IRS acceptance
Many of the participants reported the effectiveness of IRS to be good. Participants generally
agreed that, after spraying, a person could observe that mosquitoes and other insects were
dead. At that time, one could enter in the house without fear as there is no way to get into
contact with mosquitoes. However, changing the spraying company was reported to be a
problem by the participants. The last spraying activity was done by the Inkeragutabara group
(members of the District Administration Security Support), whereas the CHWs used to be
responsible for spraying. Therefore, this new group was seen as an outsider in the community
and participants highlighted that they did not spray properly. Participants believed that the
sprayers had diluted the insecticide, or they are simply not well trained and qualified for the
spraying activity. Thus, people were reluctant to accept IRS in their houses:
“CHWs used to be the one spraying, and to be honest the community members have very much
trust in CHWs. But last time the people called “Inkeragutabara” were selected to do the
spraying activities. Even some households were not sprayed. We don’t know whether they
were entering the house and remain there until getting out without spraying.” (CMATs FGD)
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“People are willing to receive the sprayers, but the main problem is those sprayers who don’t
spray properly. The last team came to spray, but really, they were not spraying, because even
at the end of the day (after spraying) you could see the mosquitoes flying. Therefore, some
wasting their time, waiting for those people for nothing, and they close and go in their farms.”
(Female FGD)
Strategies to enhance the consistent use and acceptance of malaria preventive measures
A number of strategies to enhance the consistent use and acceptance of malaria preventive
measures were mentioned by the participants. These were classified into three categories: (i)
availability of LLINs and regular spraying of insecticide; (ii) community mobilization; and (iii)
citizen engagement in malaria preventive activities.
Accessibility of LLINs and regular spraying of insecticide
Making LLINs available, and regular spraying of insecticides both in houses and in marshlands
were reported to be strategies to increase consistent use and acceptance of these measures.
For LLINs, participants reported that if they were available in local shops for a cheaper price,
then they would buy them. However, others indicated that there are those who cannot buy
them either because they cannot afford them or simply because they used to get them from
the government for free and believe that they cannot spend money buying the LLINs:
“Even if the bed net cannot be freely distributed, at least they can be put in local shops and at
cheap prices for us to be able to buy them. But you need to have a place where you can buy it.
For example in my family, I only have two bed nets and I need three more, therefore, if there is
a place to buy, definitely I will buy them unless they are too expensive.” (KII Male participant)
Community mobilization
Community mobilization was generally highlighted as a strategy to promote the consistent use
of malaria preventive measures. The focus should be more on those who do not use or accept
the malaria preventive measures. Mobilization can be done through monthly community
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work, akagoroba k’ ababyeyi (parents’ evening meeting), and isibo meetings (roughly 15
households neighbouring each other), and home visits. Mobilization should be the
responsibility of every community member in collaboration with CHWs:
“We need to continue community mobilization. I know people hear mosquitoes when they
make much noise, especially in the rainy season. So, we need to tell them that even in the dry
season mosquitoes are there and they have to use the preventive measures consistently even
when having bed bugs.” (IDI Youth participant)
“Community mobilization related to malaria severity, its consequences, and benefits of bed
net use is still lacking. This can be done in a formal and informal meeting at the amasibo,
village, and cell levels. Community work and parents’ evening meetings also are good
opportunities to share this type of information and mobilize people to remove all kinds of
mosquito breeding sites that can be around their homes. Those who never attend the meetings
can be visited at their home.” (Youth FGD)
Citizen engagement
As everybody is at risk of getting malaria, participants noted that every citizen should be
actively involved in malaria prevention activities. When everybody feels responsible and
actively contributes to malaria prevention through using LLINs consistently, controlling
mosquito breeding sites, and accepting IRS, then mobilization could be easier. Thus, proactive
mechanisms, discussions, and interactions between community members can be enhanced:
“Every community member should feel it [malaria prevention and control] as a personal
responsibility, because even if you can mobilize, but people don’t feel responsible, then nothing
can be changed. But if everybody engages in malaria prevention, I believe that perceptions can
be improved.” (Youth FGD)
“Even if you distribute the bed nets today, tomorrow you will not find them as long as the
perceived discomfort and bed bugs are still there. Do you know what they are saying? They are
saying that the bed bugs go to the bed net in the night. In their feeling, they say that bed nets
bring bed bugs. They remove them and burn them. Consequently, even if you distribute bed
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nets today, you will not solve the problem. First of all, let's target the issue of bed bugs and
related perceptions, and then we distribute the bed nets later.” (KII female participant)

3

Discussion
This study used a mixed-methods approach to assess the relationship between individual
perceptions and intentions to use malaria preventive measures, to explore why people have
certain perceptions, and to identify strategies that stimulate consistent use of malaria
preventive measures.
Perceived severity and susceptibility
A high perceived severity of malaria among the study participants was reported and this was
found to have a significant positive association with intentions to use malaria preventive
measures. High-perceived malaria risk in relation to mosquito density was also reported
elsewhere (Beer et al., 2012; Msellemu et al., 2017). Watanabe et al. (2014) found a weak
malaria risk perception to be associated with a reduction in malaria incidence and
disappearance of mosquitoes in the dry season. Thus, a high-perceived severity of malaria
reported in the present study could be attributed to the time of the study (short rainy season)
in which mosquito density is expected to be high, consequently people intend to use LLINs to
prevent mosquito nuisance.
Regarding susceptibility, Beer et al. (2012) reported children to have a greater chance of
contracting malaria than any other group of the population. The reported high-perceived
susceptibility among the majority of the study participants in the current study was due to
high perceived severity of malaria and to repetitive malaria episodes among the majority of
the community members. The perceived low effectiveness of Coartem® also increases the
perceived severity of malaria as well as susceptibility. Artemisinin-based combination therapy
is considered the first line treatment and the most effective anti-malarial drug (MoH, 2017a;
WHO, 2017b). The perceived low effectiveness of Coartem® is challenging as it may lead to
possible incorrect self-treatment through buying medicines in the pharmacy without a
diagnosis, hence drug resistance in the longer term. While the reasons for lack of a significant
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relationship between perceived susceptibility and intentions to use malaria preventive
measures are not fully clear, however, this may be due to the fact that people who live in
malaria-endemic areas are familiar with the malaria risk, hence become more accustomed to
it.
Perceived self-efficacy and response efficacy
The finding that the perceived response efficacy is related to the observed increase of malaria
cases is consistent with previous studies (Beer et al., 2012; Dye et al., 2010; Koenker et al.,
2013; Msellemu et al., 2017). This indicates that participants are worried about malaria
consequences and tend to think about the benefits of malaria preventive measures, hence
this may increase their use. In addition, this study revealed a positive association between
both perceived self-efficacy and response efficacy, and intentions to use malaria preventive
measures. (Birhanu et al., 2015) showed that in the dry season, when perceived mosquito
nuisance decreases, use of LLINs also decreases. It is often an issue in the dry season as people
are less concerned about malaria and mosquito nuisance, thus, intentions to consistently use
LLINs also decreases. The non-malaria related benefits of LLINs, including avoiding biting
insects and a good night sleep were also reported as factors that influence people to sleep
under LLINs in Kenya (Dye et al., 2010), Zanzibar and Tanzania (Koenker et al., 2013; Msellemu
et al., 2017), and Vanuatu Islands (Watanabe et al., 2014). Comfortability and provision of
warmth during cold weather were also reported in previous studies (Koenker et al., 2013;
Msellemu et al., 2017). This shows that the non-malaria related benefits of LLINs exist and may
also be promoted in malaria-related messages, especially in a dry season when the use of LLINs
reduces due to the decrease of malaria incidence and mosquito density.
While some criticized the type of the bed nets (strong texture and large mesh size of the net),
Beer et al. (2012) found that some people prefer them as they do not tear easily and they also
allow ventilation. The dissatisfaction about the type and size of bed nets was also reported in
a study conducted in Tanzania (Msellemu et al., 2017). If people believe that they can get
mosquito bites through the LLINs and get repeated malaria episodes, then they may doubt the
effectiveness of LLINs, hence intend not to use them (Msellemu et al., 2017). The perceived
lower effectiveness of LLINs was also reported in Ethiopia where participants indicated that
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the LLINs’ insecticide was unable to kill mosquitoes and other insects, therefore people throw
them away or use them for other purposes (Birhanu et al., 2015). Regarding IRS, a high
perceived effectiveness of IRS was reported and behavioural intentions have a positive
acceptability may be more related to the perceived obligation to accept government initiatives
rather than based on its effectiveness (Kaufman et al., 2012). The reported high perceived
effectiveness of IRS in this study may be due to the campaigns that have been conducted at
the start of spraying activities. Equally, the fact that CHWs also participated in the previous
spraying activities may also be an added advantage as they could provide more explanations
to some of the households when they refuse to get their houses sprayed.
Subjective norms and perceived barriers
The result indicates that subjective norms were positively related to behavioural intentions. If
many people in the community use and accept malaria preventive measures (LLINs, IRS, and
draining stagnant water), then it is more likely that most of the people in the same community
will intend to consistently use those measures (Babalola et al., 2018). However, lack of
collective awareness about collective management of, for example, mosquito breeding sites
may hinder the plan to consistently use malaria preventive measures (Leeuwis et al., 2018). In
the same way, collective action that supports the community members to think about malaria
preventive measures and related benefits may influence people to use these measures.
Lack of LLINs was reported to impede the consistent use of LLINs. Other studies also revealed
a lack of access to LLINs to be the reason associated with non-use (Koenker et al., 2013;
Msellemu et al., 2017). However, no significant evidence supports that availability or
accessibility moderate the relation between intentions and consistent use of LLINs. Thus,
regardless of how both availability and accessibility of LLINs are potential factors of LLINs use,
we did not find evidence that they are statistically significant moderators in the relation
between intentions and consistent use of LLINs. This strongly indicates that when people plan
to use LLINs, having them or not may not be an issue. These results are in line with those found
by Msellemu et al. (2017) who reported that when participants were reminded that they
should still be having the LLINs that were distributed freely, accessibility was not an issue
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anymore, and other measures including closing doors in the evening and use of mosquito
sprays were then reported to be preferred over the sleeping under LLINs and participants
emphasized the protective value of these measures. The same authors reported that people
may spend own money buying LLINs, but still do not use them, and keep them for either
visitors or children only (Msellemu et al., 2017). This provides evidence that individual
perceptions play a large role in the decisions to use or not use malaria preventive measures
and should be addressed prior to or parallel to LLINs distribution and spraying campaigns.
Discomfort, irritability, and bed bugs were reported in previous studies to hinder the
consistent use of LLINs (Ingabire et al., 2015; Koenker et al., 2013; Pulford et al., 2011). Fear
of chemicals in the LLINs that may cause irritation and itching were also cited as reasons for
not using LLINs in an Ethiopian study (Birhanu et al., 2015). While reasons for non-use of ITNs
were widely reported, it was highlighted in this study that the discomfort of mosquitoes
outweighs the discomfort of feeling hot while sleeping under the LLINs or the presence of bed
bugs. In the same line with the current study, distrust of household members in sprayers was
also reported in other studies to decrease acceptance of IRS (Ingabire et al., 2015; Kaufman et
al., 2012; Munguambe et al., 2011). In some circumstances, sprayers are recruited exclusively
based on where they live, or their religion (Kaufman et al., 2012). Refusal of IRS can be
addressed by community mobilization.
Strategies to enhance the consistent use of malaria preventive measures
It is clear that when a person intends to use the LLINs, then the person can buy them. However,
even if the person owns LLINs, and does not see the associated effectiveness, then the person
will not use them. In that regard, community mobilization and citizen engagement in the
development of malaria prevention strategies is crucial as it promotes acceptability,
adherence, and sustainability of those strategies (Kajeechiwa et al., 2017; Sahan et al., 2017).
Community mobilization in form of health education campaigns focusing on the importance
of consistent use of LLINs and consequences of not using them was also reported in Tanzania
as one of the strategies to increase their consistent use (Msellemu et al., 2017). Considering
LLINs as an essential part of life, and becoming accustomed to it, is an important factor and
first step of engagement towards maintaining and sustaining the consistent use of them
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despite fluctuations in perceived malaria risk and malaria incidence (Koenker et al., 2013).
However, mobilization and engagement alone without LLINs distribution in a place where
LLINs are limited and even not accessible cannot achieve tangible results (Hetzel et al., 2012).
present), there is no guarantee that the combination of community mobilization and
distribution of LLINs would enhance the use of LLINs, rather the engagement and feeling of
ownership of these measures should be the first step as it may target and remove or modify
the perceived barriers.
Given the public health burden caused by malaria, the following are three important policy
and program implications of the findings reported: (1) individual perceptions play a large role
in the decisions to use or not use malaria preventive measures and should be addressed prior
to or parallel to LLINs distribution and spraying campaigns. This can be done by enhancing and
encouraging the feeling of ownership of these measures through community mobilization and
citizen engagement in malaria prevention and control activities. In turn, this may promote
acceptability, adherence, and sustainability of those strategies. (2) Especially in a dry season
when the use of LLINs reduces due to the decrease of malaria incidence and mosquito density,
non-malaria related benefits of LLINs should be promoted in malaria-related messages
organized at a national level. Since malaria prevention may not be enough reason for people
to consistently use LLINs in dry seasons, other benefits of LLINs should be included in malariarelated messages. For example protection against other insects, and provision of a good night
sleep should be incorporated in malaria-related messages so that sleeping under LLINs
consistently becomes a common practice. And (3) for IRS, hiring of sprayers should consider
those who are trusted and preferred by the household members (example: CHWs).

Strengths and limitations
A mixed-methods design allowed us to explore the individual perceptions and quantify the
effects of different individual perceptions on the intentions to use malaria preventive
measures. This is essential as it offers new insights into the field of vector-borne disease risk
and malaria prevention in particular. For example, the fact that individual perceptions explain
50% of variance in intentions to use malaria preventive measures suggests that interventions
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to promote the consistent use of malaria preventive measures should consider adopting an
approach based on an integrated model of determinants of malaria preventive behaviour
(Asingizwe et al., 2018). The use of this model provides a comprehensive understanding of this
key area of self-protective behaviour in relation to vector-borne diseases. Future research
could test this model in other (geographic) settings, in the context of other vector-transmitted
diseases, or other behaviour change projects.
The documented reasons of why people have certain perceptions may explain the gap
between the ownership and use of LLINs reported in previous studies (Babalola et al., 2018;
Ernst et al., 2017; Gonahasa et al., 2018; Kateera et al., 2015; Ntuku et al., 2017;
Samadoulougou et al., 2017). In addition, the reported lack of significant evidence supporting
the moderation effect of availability of LLINs to intentions and use of LLINs shows that
availability and accessibility of LLINs are not enough when people do not have intentions to
use them.
While this study provides several useful insights that can be considered when implementing
malaria prevention interventions, there may be other factors beyond the individual
perceptions that may also play a large role in the consistent use of malaria preventive
measures. However, focusing on individual perceptions allows for quantifying how important
these perceptions are, and indicates how they should be taken into consideration when
designing malaria prevention interventions. Future research should take into account other
factors beyond individual perceptions in order to give insights on how they also influence
intentions to use malaria preventive measures. These factors include issues pertaining to
collective action.
The study was conducted during the short rainy season (October and November) which is one
of the peaks for malaria transmission and, therefore, this could have affected the perceived
severity and perceived effectiveness of LLINs. Thus, future studies that explore the variation
of individual perceptions across different seasons are warranted.

Conclusion
This mixed-methods study aimed to assess the relationships between individual perceptions
and the intentions to use malaria preventive measures by applying an integrated model for
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determinants of malaria preventive behaviour. In addition, the study also explored the
viability of strategies that stimulate the consistent use of malaria preventive measures.
Perceived severity of malaria, self-efficacy and response efficacy of malaria preventive
preventive measures consistently. Irritation, increase of warmth, and bed bugs were
frequently cited as the main reasons for not using LLINs. Although IRS was perceived to be
effective, distrust in sprayers affected the acceptance of IRS. While not having LLINs was
frequently reported by most of the participants as impediment of consistent use of LLINs,
statistical analyses did not support this as the sole factor explaining non-use when have
intention. The study also explored whether accessibility can moderate the effect of intentions
to the consistent use, and the results did not show any significant moderation effect. The full
conceptual model that included individual perceptions explained 50% of variance of
behavioural intentions among the participants, and the intentions were significantly
associated with the consistent use of LLINs, IRS acceptance, and draining of stagnant water.
Thus, future malaria prevention interventions to consistently use malaria preventive measures
should consider individual perceptions by taking into account that the intentions are driven
by multiple factors at different levels. This can be done by enhancing the feeling of ownership
of these measures through community mobilization and citizen engagement in malaria
prevention and control activities.
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Abstract
Good health and human wellbeing is one of the sustainable development goals. To achieve
this goal, many efforts are required to control infectious diseases including malaria which
remains a major public health concern in Rwanda. Surveillance of mosquitoes is critical to
control the disease, but surveillance rarely includes the participation of citizens. A citizen
science approach (CSA) has been applied for mosquito surveillance in developed countries,
but it is unknown whether it is feasible in rural African contexts. In this chapter, the technical
and social components of such a program are described. Participatory design workshops
were conducted in Ruhuha, Rwanda. Community members can decide on the technical tools
for collecting and reporting mosquito species, mosquito nuisance, and confirmed malaria
cases. Community members set up a social structure to gather observations by nominating
representatives to collect the reports and send them to the researchers. These results
demonstrate that co-designing a citizen science program (CSP) with citizens allows for
decisions on what to use in reporting observations. The decisions that the citizens took
demonstrated that they have context-specific knowledge and skills, and showed that
implementing a CSP in a rural area is feasible.
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Introduction
Malaria remains a major public health concern in many sub-Saharan African countries,
including Rwanda ( President’s Malaria Initiative., 2018; Karema et al., 2012). In Rwanda, a
significant reduction in malaria has been achieved through the use of control measures
based combination therapy (ACT) (Karema et al., 2012). However, from 2012 to 2016, Rwanda
experienced an upsurge of malaria cases that was reported across the country, especially in
the eastern and southern regions. This increase put the entire population at risk and children
under five years old and pregnant women were the most exposed to malaria infection (MoH,
2017a, 2017b).
The increase of malaria in Sub-Saharan African countries urged the global community to
improve the disease and vector control response because human wellbeing is one of the
United Nations’ sustainable development goals (WHO, 2017a). Since the level of investment
in malaria control across the world remains inadequate (WHO, 2017a, 2018), the World Health
Organization supports the development of effective, locally adapted and sustainable vector
control (WHO, 2017a). The latter includes mosquito surveillance, which consists of regular
reporting of the density and the pathogen prevalence rate of vectors in a specific region. This
helps to identify how vectors spread the infections to hosts and to determine appropriate
interventions to reduce the risk of infection (Wu et al., 2016). In Rwanda, in addition to active
surveillance of malaria cases, mosquito surveillance is carried out in 12 sentinel sites established
across the country ( President’s Malaria Initiative, 2019). Trained entomology technicians and
officers, and some trained local community members are employed on a monthly basis to
undertake mosquito surveillance in their assigned areas. Hence, this requires stable financial
resources for staff payment. In addition, mosquito surveillance is based on the systematic
reporting of the distribution, diversity, and density of malaria vectors using pyrethrum spray
and human landing catches (HLC) as mosquito collection methods. Another indicator that is
being reported is the entomological inoculation rate (EIR), expressed as the number of
infectious bites per person per year (Hakizimana et al., 2018). The entomologists submit a
compiled monthly report with entomological indicators mentioned above to the person in
charge of the vector control unit of Rwanda Biomedical Center for compilation, and further
analysis (Murindahabi et al., 2018) to guide the planning of interventions.
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Despite this program, there are several gaps in the surveillance system. For example, beyond
the 12 sentinel sites, there are still many regions where mosquito surveillance is not
established because of limited funds or lack of trained entomologists. Consequently, it hinders
the progress in malaria reduction and limits community awareness on malaria vectors. A
possible solution to complement the current malaria mosquito surveillance is to involve the
public via a citizen science-based program (CSP). Citizen science as a tool for mosquito
surveillance requires an understanding of who is going to collect or report what, how, and
when. This chapter outlines how such a surveillance program could be designed, put in place,
and what preferences exist in local communities with regard to the technical and social
components of such a program. A description of what activities are required to implement
such a program are also described. We focus on several aspects including (1) the process of
recruiting volunteers, (2) technical tools for collecting and reporting observations, (3)
frequency of collection and reporting observations, and (4) feedback generation. The
following section provides the conceptual background which elaborates on existing CSPs in
mosquito surveillance and explains how the co-design concept was used to develop the CSP.

Conceptual background
Citizen science as a tool for mosquito surveillance
Citizen science can be described as a collaboration between scientists and volunteers,
particularly to expand opportunities for scientific data collection and to provide access to
scientific information for society (Bonney et al., 2009; Shirk et al., 2012). With the
acknowledgement of participatory action research (PAR) and other community-based
interventions (CBI) that have been conducted in the last decades to improve health literacy
and ability to make decisions related to malaria prevention and control (Ingabire et al., 2016;
Rickard et al., 2011), citizen science has been used to actively engage people in the collection,
and/or in the analysis and the interpretation of data. This approach has been explored for
monitoring invasive and endemic mosquito species in developed countries (Kampen et al.,
2015; Vogels et al., 2015). In these countries, citizen science has provided large amounts of
relevant mosquito data, hence, citizen science proved its potential in the monitoring of
(invasive and endemic) mosquito species (Kampen et al., 2015; Vogels et al., 2015).
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These projects involved volunteers that participated in different ways such as collecting and
mapping Culex pipiens biotypes or assessing mosquito nuisance experienced by citizens in the
Netherlands (e.g., Muggenradar) (Vogels et al., 2015). Additionally, volunteers also participate
in detecting country-wide changes in mosquito fauna (e.g., Mückenatlas in Germany), and
(Aedes albopictus) (e.g., Mosquito Alert in Spain) (Hecker et al., 2018; Palmer et al., 2017;
Walther & Kampen, 2017). In most cases, these CSPs were designed to allow the volunteers
to report by sharing pictures and observations online when a specific event occurred in their
regions (Hecker et al., 2018; Palmer et al., 2017; Walther & Kampen, 2017).
CSPs have become more interactive because of the availability of the internet, and most of
the projects are now online-based. However, in absence of the internet and with limited
access to electricity, for example in rural areas of Rwanda (NISR, 2017), traditional methods
and strategies of reporting mosquito observations can be used instead (e.g., paper forms)
(Chaki et al., 2011; Kiware et al., 2016). In addition to providing a valuable extension of the
professional surveillance networks, CSPs can have other important functions in the strategies
to reduce malaria. These include the increase of public awareness and engagement in the
topic (for example about mosquito-borne diseases) (Eritja et al., 2019). In addition, participation
in citizen science creates new opportunities for connections between various stakeholders such
as researchers, citizens, policymakers, funding agencies, and decision-makers, thereby
extending their own social network (Asingizwe et al., 2018), and it can strengthen communitybased management of residual foci of malaria transmission (Ingabire et al., 2016).
CSPs consists of technical and social components. The technical component defines the citizen
science infrastructure like the physical kit and the technology assets. The physical kit may
consist of various equipment that could be for example mosquito traps, microscopes, and
buildings. The technology assets are the information technology-based platforms/tools and
services used to collect, store, manage, process, share, visualize, and analyze information
(data and metadata) which is produced by citizen science (Hecker et al., 2018). However, the
technology asset is not a required component for running a CSP (Jordan et al., 2017). The social
component includes the organizers of the projects or researchers, the citizens, and the social
networks of connected individuals (Hecker et al., 2018).
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Co-designing a CSP
The development of a robust and context-specific CSP for mosquito surveillance requires the
inclusion of people in the design process and integration of a diverse range of experiences,
interests, and knowledge (Bartumeus et al., 2019; Bonney et al., 2009; de Campos et al., 2017).
Co-designing a malaria mosquito surveillance system includes defining the social structure of
the program, and defining the infrastructures and the tools, sampling and feedback strategies
to be used (Figure 4.1.).

Figure 4.1. The framework indicating the co-designing process of the citizen science
program for malaria control
Participation in the design of the technical and social components of a citizen science program
provides opportunities for the citizens to express their preferences with regard to relevant
design choices, and give feedback on proposed design components. As a result, this may foster
ownership of the program (Hecker et al., 2018). Additionally, citizen participation and
engagement in citizen science projects increases resource capacity for mosquito surveillance,
and also promotes the acceptability of, and adherence to malaria control strategies among
the community members (Asingizwe et al., 2019).
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Strong partnerships with communities in vector control are required for sustainable
innovation such as through citizen science. The success also involves the provision of feedback
that is essential in every CSP to keep people engaged in the research (Jordan et al., 2016; de
Campos et al., 2017).
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Methods
Study area
The study was carried out in the Ruhuha sector of Bugesera district, located in the eastern
province of Rwanda. Ruhuha covers an area of 54 square kilometers with a population of more
than 24,000 (over 5,500 households; 2017 data). The Ruhuha sector encompasses five cells
with 35 villages. Ruhuha is bordered by Lake Cyohoha in the south and is characterized by its
many water streams and marshlands classifying the region as a historical malaria endemic
zone. Rice cultivation and wetland agriculture are the main economic activities. The Ruhuha
sector was selected because of the high number of malaria cases reported since 2012. One
village per cell was randomly selected for inclusion in the study. These five villages were
Busasamana, Kagasera, Kibaza, Kiyovu, and Mubano.
Study design, population, and sampling
Six workshops (including one for the pilot) were carried out in 2018 prior to the
implementation of a CSP for malaria mosquito surveillance in selected villages in the Ruhuha
sector. Participatory design workshops (PDWs) were used. A PDW is defined as a workshop
through which all stakeholders including users (citizens in this case) that are affected by the
upsurge of malaria in their environment, are invited to collectively define the problem that
affects them and to set up mechanisms to solve the problem while anticipating their needs
(Sanoff, 2007). It is, therefore, a user-centered design method in which the focus is on the
active role of the users.
The first workshop was a pilot conducted in March 2018 and aimed to discuss the malaria
upsurge and to explore whether participants were willing to participate in malaria control by
being enrolled in the CSP and how they could participate in such a program. In addition, the
pilot workshop aimed to inform the process of the main PDWs through testing the content
and steps of the PDW. The pilot study was conducted in one of the ten villages in which a
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baseline study was conducted (Asingizwe et al., 2019) and was randomly selected. With the
results from this pilot workshop, five follow-up workshops were organized and conducted in
August 2018. Each workshop lasted around 6 hours and aimed to establish a citizen network
that was willing to actively participate in the CSP.
Recruitment process
Based on ten villages selected in the baseline survey (Asingizwe et al., 2019), six of these (one
for pilot and five for the main PDWs) were selected for the implementation of the CSP.
Generally, each village has approximately 150 households and we targeted a third (45
community members) of the total number of households. In each village, the households are
grouped in isibo (cluster of 15 neighbouring households) thus each village has approximately
10 isibos. Therefore, three community members in each isibo and the isibo leaders were
targeted to participate which results in a total of 40 participants per village. In addition, each
village has three community health workers (CHWs) and one village leader. Consequently,
these were also added to the 40 selected community members. Lastly, an executive of the
respective cell was also expected to attend the workshop. Hence, in each of the five selected
villages for the PDWs, a total of 45 people were supposed to attend. This number was the
same in the pilot workshop. The village leaders selected the community members and we
were careful that these community members were neither from the same household nor
relatives.
To ensure this, the village leader announced this workshop during a village meeting and those
who showed interest were invited to participate. At the beginning of each workshop, the
researchers (two first authors) verified whether the criteria had been fulfilled through
requesting people from each isibo to stand up, and asking them whether they are from
different households. Although this verification was done, people were not informed whether
researchers were cross-checking. In some few cases, it was obvious that a husband and wife
could attend when one of them was a village leader and another was a CHW; this was
inevitable. As shown in Table 4.1, in some villages, community members did not attend in a
sufficient numbers. The main reason for this low turn up in some villages was that these
villages (Busasamana and Kibaza) are located further away from the health center where the
workshops were conducted.
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In addition, the day we conducted a workshop for Busasamana it was raining, and some
community members decided to go to their farms for field work instead of attending the
workshop.

4

Co-design processes

Pilot workshop
During the pilot workshop, the following guiding question was asked to the participants: “As
a community member, how are you going to be engaged in malaria control?” The main reason
of this question was that “citizen engagement in malaria prevention and control activities”
was one of the three strategies to improve consistent use and acceptance of malaria control
measures mentioned by the participants from the baseline survey in the study area (Asingizwe
et al., 2019). This clearly indicated that the community members were willing to participate.
After the guiding question, each participant was requested to write (maximum) three ways of
engagement in malaria control. These notes were then collected by the researchers, who in
turn grouped those which were similar to the themes. Among the themes listed, control of
mosquito breeding sites stood out. Furthermore, participation in community mobilization was
also listed. Participants were divided into small groups to discuss the themes, and after
discussion, participants presented the outcomes of the discussions. In addition, participants
were requested to fill out a small questionnaire to indicate whether (1) they have ever
experienced mosquito nuisance, (2) they were willing to participate in the collection of
mosquitoes, and if so, (3) to describe how they think they can collect mosquitoes.
Five participatory design workshops
The PDWs were structured in three main steps (Figure 4.2). As informed by the pilot workshop,
the guiding questions had to be modified based on the outstanding theme. The first two
authors facilitated all PDWs and the sixth co-author also joined one of the PDW.
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Figure 4.2. Steps followed during the participatory design workshops

Step 1: Part 1. Guiding questions
At the beginning of each PDW, guiding questions were announced. The first set of guiding
questions focused on the understanding of mosquito nuisance, as well as reporting of
mosquito nuisance and collecting mosquito specimens: “How do you interpret the term
mosquito nuisance? If you are asked to provide observations such as mosquito nuisance
experienced and mosquitoes (mosquito species), how can you report it and /or collect it? Do
you think it is feasible? Why would you (not) do that? How frequently can you do that”? The
second guiding question focused on ways or means for providing feedback: “If you report
observations, what and how would you like to get feedback”? A handout of the guiding
questions was given to the groups to facilitate the discussion. It was observed that providing
these guiding questions could help the participants to reflect more on their ways of
engagement in malaria control rather than giving them one broad guiding question as was
done during the pilot workshop.
Step 1: Part 2. Group discussion
Following the guiding questions, three different homogeneous groups were formed including
only men, only women, and only youth (between 18–25 years).
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These homogenous groups were created to ensure that all participants had equal
opportunities to share their views. This was also a result of the pilot workshop, in which we
observed that some participants could not express themselves in heterogeneous groups.
During the focus group discussion, which lasted for 1 hour, members of the group elected a
groups were requested to write down the answers of all the guiding questions on flip charts
which further helped them during the presentation of the outcomes of the discussion.

Step 2: Part 1: Group presentation
After group discussions on the guiding questions, a representative from each group shared
their outcomes of the discussion and participants from other groups were allowed to ask
questions or provide comments. After the group presentation by the different focus groups, a
summary of the outcomes of each group was presented by the researchers and all participants
were able to add inputs into the summary. This was done to ensure the harmonization of ideas
and to facilitate the integration session (Step 3).
Step 2: Part 2. Presentation from the researchers
The researchers’ presentation explained how to report mosquito nuisance and malaria cases
by filling out a paper-based form (Figure 4.3a) and on how to catch and report mosquitoes
(Figures 4.3b and 4.3c). The reporting form included two questions: (1) To what extent do you
experience mosquito nuisance (unpleasant noise and biting; to be assessed on a scale from
zero (no nuisance) to five (very much nuisance))? and (2) did you have any confirmed malaria
case(s) within the last two weeks in your household?
Additionally, participants also gave feedback on the perceived efficacy of a carbon dioxidebaited trap in collecting mosquitoes following the results presented by the researchers. This
trap was prototyped and tested in the laboratory and in the field. The trap was proposed as
recommended by the participants of the pilot workshop, as the majority requested tools to
collect mosquitoes. Thus, researchers followed up on this by validating a low-cost, easy to use
“handmade carbon dioxide-baited trap” (Figure 4.3c).
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This trap uses carbon dioxide as a stimulus which is produced by mixing yeast, sugar and water
(Smallegange et al., 2010) and light. The trap was designed taking into account the cost and
the practicability of the existing mosquito collection method in rural Rwanda. Prior to its
application for the CSP, different trap designs were evaluated under laboratory conditions at
Wageningen University & Research, and afterward in the field in Kibaza village (Murindahabi
et al. in preparation). During the workshops, researchers presented the results from the lab
and field evaluations. Furthermore, researchers presented different means of feedback
provision after collecting and reporting data by the volunteers.

Figure 4.3.(a) The paper-based form for reporting observations, (b) the handmade carbon
dioxide-baited trap showing the different elements that are part of the trap, and (c) the trap
after assembly. The torch was suggested by volunteers and added afterwards.

Step 3: Part 1. Integration of outcomes
After a presentation by the researchers on the proposed tools, participants returned to their
groups to discuss which proposed tools were preferred and why.
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Additionally, participants indicated the reporting scheme of the observations, process of
reporting, preferred frequency of reporting, and ways to provide feedback.
A handout of the proposed methods together with flip charts were given to the participants
to facilitate the discussion and help them write down the answers for further presentation.
preferred over the others and observe whether participants could be able to compare and
criticize different methods including those listed by other groups. All flip charts were kept for
further transcription and analysis.
Step 3: Part 2. Elaboration of choices
All results from the group discussions were presented and discussed among all participants to
ensure the validity of the information provided during the focus group discussions. Hence, the
researchers made a summary of the choices presented by each group and then shared it with
the participants for final agreement and approval.
Data analysis
The results from flip charts were transcribed and analyzed. The summaries from the large
group discussion taken by the researchers were also used to facilitate and inform the
transcription process in case some hand writings were not readable, and complement the
transcripts in case the flip charts did not include the details because some questions for
clarifications were asked during the group presentations. All transcripts were classified under
different categories that emerged from the guiding questions and each group was coded
independently to avoid duplication of the results. In reference to the guiding questions,
different categories that included reporting mosquito nuisance, collecting mosquito
specimens, recruitment of volunteers to be enrolled in citizen science, the process of collecting
and reporting the information, the frequency of reporting observations, and feedback
generation were defined. Finally, after the completion of the data analysis, the categories
were divided into two themes (technical and social) according to the co-design framework of
CSP (Figure 4.1). The presentation of the results followed this framework as well.
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Ethical approval
Ethical approval was granted to the study (Approval Notice: No 414/CMHS/IRB/2017) by the
Institutional Review Board of the College of Medicine and Health Sciences, University of
Rwanda.

Results
The results are organized in two main sections. The first section presents the outcomes of the
pilot workshop which indicate the responses about mosquito nuisance experienced and
willingness to collect mosquitoes. The second section elaborates the results of the five PDWs
which are divided into two main themes: (a) The technical component that includes tools to
collect and report the observations, and (b) a social component that consists of (1) recruitment
of volunteers, and collection of information, (2) strategies for collecting and or reporting the
observations, and (3) mechanisms of feedback to the community members about the
outcomes of the shared observations.
Pilot workshop
Forty-four participants attended the pilot workshop. These included 29 community members,
ten isibo leaders, three CHWs, one village leader, and one Kindama cell representative.
Mosquito nuisance experienced
All participants (100%) answered that they had experienced different levels of mosquito
nuisance. Locations reported where participants experienced more mosquito nuisance are in
the bush (22 times; 61%), the rice field (24 times; 69%), and near the pond (21 times; 72%).
Willingness to participate in mosquito collections
Among the participants, 11(26%) reported willingness to collect the mosquitoes. Among
these, four (36%) answered the question related to which tool/materials to be used and three
(27%) were not able to mention any method. In relation to the materials to be used, one
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participant indicated catching mosquitoes by hand, two reported that they would need
materials from researchers, and one reported using light from a torch to “hypnotize” the
mosquito and catch it afterward.
The participatory design workshops

4

Characteristics of the participants who attended the five PDWs
One hundred and eighty-five participants (82%) out of 225 that were expected, attended the
workshops (57% women; Table 4.1).

Table 4.1. Characteristics of the participants attended the Participatory design workshops
(PDWs)
Village

Expected
Participants

No. of Participants
Attended PDWs
Frequency (%)

Male

Female

Frequency (%) Frequency (%)

Busasamana

45

17 (38%)

10 (59%)

7 (41%)

Kagasera

45

45 (100%)

12 (27%)

33 (73%)

Kibaza

45

33 (73%)

17 (51%)

16 (49%)

Kiyovu

45

43 (95%)

17 (40%)

26 (60%)

Mubano

45

47 (104%)

24 (51%)

23 (49%)

Total

225

185 (82%)

80 (43%)

105 (57%)

Technical component of the CSP
In general, not many changes were made to the technical components (tools to be used to
collect and report the observations) of the design as the participants already expressed that
they could not report the information if the materials are not given. Below these technical
tools are presented in detail.
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Technical tool to report mosquito nuisance and confirmed malaria cases
All groups indicated that it was feasible to estimate and report the level of mosquito nuisance
experienced as well as reporting confirmed malaria cases.
Participants described mosquito nuisance as the biting and the sound that the mosquito
produces when flying. They all highlighted that nuisance does not necessarily relate to number
of mosquitoes, because even one mosquito can bite or make noise. Among the different ways
proposed by the participants to communicate the results on mosquito nuisance and confirmed
malaria cases, phone calls, Short Message Service (SMS) text, and isibo or village meetings
were mentioned. Both paper forms and SMS were viewed as a possible means to report
mosquito nuisance and confirmed malaria cases. However, weighing the constraints that
these two methods pose, some participants indicated that using a paper form is more
preferable because it does not require much costs, while airtime credits may hinder the usage
of SMS text. Therefore, the paper form was opted for to report mosquito nuisance and
confirmed malaria case instead of an SMS text.
Another group of participants reported potential delays in reporting and loss of paper forms
as a drawback of using paper forms. Therefore, these participants proposed to use both paper
forms and SMS text or mobile phone calls as a means for reporting mosquito nuisance to the
researchers. When discussing the advantages and disadvantages of using the two proposed
methods, the majority of participants eventually preferred the paper form as it is less costly.
Technical tool for collecting mosquitoes
Participants indicated that it was feasible to collect mosquitoes if proper mosquito sampling
tools were provided. To anticipate on this and based on the results from a pilot workshop
conducted in March 2018 during which the majority of the participants reported not to be
able to collect mosquitoes, the researchers proposed a handmade carbon dioxide-baited trap
(Figure 4.3c). Based on the results presented from the trap test trial (conducted in the lab),
participants indicated that using the carbon-dioxide-baited trap was feasible. However, some
constraints with regard to the trap’s practicability were mentioned. These included the
difficulty to find the different components used to assemble the trap, such as the net and the
1.5 litres plastic bottle.
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Other constraints mentioned by the participants were related to the costs (in case the
volunteers have to buy these themselves) of the ingredients such as the yeast and the sugar
used for the production of carbon dioxide to attract the mosquitoes in the trap. Participants
indicated another constraint in relation to a new law that will ban the use of plastic bottles.
banning single-use plastics is still under evaluation in the Rwandan parliament. From the group
discussions, one of the male groups indicated that catching mosquitoes using hands was also
a possible option, as it does not require money.
In terms of quantity, the buckets or bottles proposed were preferred as means for collecting
mosquitoes, as they seem to catch more mosquitoes than using hands and are also less
sensitive to collector bias. Some of the participants reported that a bucket is easy to find, and
it does not require sugar or yeast such as when using a bottle. On the other hand, if the
proposed handmade carbon dioxide-baited trap and the ingredients used as odour attractant
are provided, the proposed handmade trap using a plastic bottle was the preferred tool to use
by the participants to collect mosquitoes.
Social component
Initially, the research team assumed that the data could be collected by the CHWs, or the isibo
leaders and can be reported on biweekly basis. Additionally, CHWs would submit the collected
data to the researchers at the health center on biweekly basis as well. Alternatively, the
researchers could gather the collected data at the household level in the studied villages. As
indicated below, most of these initial design options changed after the discussion with the
community members.
Recruitment of volunteers for the CSP and the collection of the observations
There were no predefined rules on how to select volunteers and who should collect what
information as all participants were eligible to participate in the program. However, as
participation was voluntary, participants were invited to write their names and their
telephone contacts on a list if they were willing to participate in the proposed CSP. It was made
clear that they could either report mosquito nuisance and confirmed malaria cases only using
the paper form, collect mosquitoes only using the proposed carbon dioxide-baited trap, or do
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both. It was also explained that there would be no monetary incentives for participation.
Among 185 community members who attended the workshops, 116 volunteers (63%) wrote
their names on the list as potential participants. Of these 116, 19 were willing to report
mosquito nuisance only, 42 were willing to collect mosquitoes only, and 55 were willing to
participate in both.
There was a general agreement among the participants on why it would be useful to
participate in the collection and reporting of the observations such as mosquito nuisance,
confirmed malaria cases, and mosquitoes. All groups highlighted that collecting mosquitoes
was a way of contributing to malaria control as malaria affects many people.
Participants believed that through collecting and reporting of observations, their awareness
related to mosquitoes and malaria can be enhanced. Consequently, the increased awareness
may play a role in reducing malaria incidence. In addition, one of the male groups indicated
that collecting mosquitoes could improve their knowledge of different mosquitoes’ parts and
species. However, collecting mosquitoes requires some skills and appropriate tools to do so.
For this reason, one of the female groups voiced that they may not be able to collect
mosquitoes because of the lack of knowledge and appropriate materials. The same concern
was also reported in another mixed-gender group.
Strategies for collecting and reporting the observations
The initial idea to use the CHWs, isibo leaders, or collecting the observation at the household
level by the research team was changed because of (1) a high number of isibo leaders
(approximately 50 for the five selected villages), (2) high workload attributed for the CHWs in
the community, and (3) logistic issues in case the researcher collects the data at the household
level. Hence, each group of volunteers in five selected villages nominated an isibo
representative. The organizational stucture of the reporting and collecting system was defined
(Figure 4.4).
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Figure 4.4. Fundamental architecture of the citizen science program (CSP) for malaria
control. The blue dots represent the volunteers; the yellow dots represent the isibo
representatives; the blue dashed circles represent villages, the green dot represents the
researchers, the orange dot is the vector unit of the Malaria and Other Parasitic Disease
Division (MOPDD). The lines represent the two-way communication between the different
stakeholders involved in the CSP for malaria control. Specifically, the black lines show that
these isibo representatives are directly connected to researchers and to the volunteers
because (1) they are the ones submitting the observations every last Friday of the month,
and (2) they collect the reports from volunteers, receive the feedback and share it with the
volunteers in their respective villages.

107

Chapter 4
These isibo representatives were tasked to distribute the tools (paper form and mosquito
collection traps) and to gather and report the data on a monthly basis. They were also tasked
to inform and remind the volunteers about when to fill out the forms and set up the traps. In
addition, volunteers who indicated the preferred period for them to collect and report the
observation in collaboration with the researchers shared a proposed schedule. The schedule
indicated when to submit the collected data at the Ruhuha health center where the research
team for this study was located. Hence, isibo representatives gathered the observations from
all volunteers in their respective villages and submitted the observations to the researchers
every last Friday of the month. Isibo representatives received feedback sent by the
researchers, which in turn they shared and discussed with the volunteers among the five
selected villages. The process of reporting observations starts with distributing the
tools/materials for collecting the citizen science data to isibo representatives and ends when
volunteers meet and discussed the feedback from the data reported the previous month. In
addition, they also discussed the actions or measures to be taken.
Frequency of collecting and reporting observations
Initially, the researchers expected that volunteers could report observations on a bi-weekly
basis. However, there was an extensive discussion on the frequency of collecting and reporting
the observations because some participants assumed that collection and reporting of
observations would take much time (Table 4.2). Hence, the consensus was to report the
observations once a month. They decided on this based on the fact that isibo members meet
once a month.
Table 4.2. Frequency of reporting and collecting mosquitoes suggested by the different
discussion groups during the workshops
Village

Groups
Men
Women
Youth
Busasamana village
Once a month
Kagasera village
Once a month
Once in two weeks
Once a week
Kibaza village
Once a month
Once a month
Kiyovu village
Once a month
Once a month
Once a month
Mubano village
Once a month
Once a month
Once in two weeks
Note: Because of a limited number of participants for Busasamana, one mixed group was
made.
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Feedback generation from the reported observations
Participants mentioned that getting feedback on their submitted observations was a
precondition for knowing what to improve. In relation to why that feedback should be
participants could be motivated to consistently use malaria preventive measures. Participants
mentioned that this feedback could be given in various ways such as flyers, public talks,
workshops, home visits, and SMS text messages. Participants highlighted that once submitting
the mosquitoes to the researchers, they will need to know whether the collected mosquitoes
were malaria vectors or not. As chosen by the participants, SMS texts could be sent to the isibo
and the results could be shared during the isibo meetings with the volunteers and during the
workshop every three or four months, and via the flyers. Flyers could be distributed during
the quarterly workshop as proposed by the participants.
The technical and social choices made based on the citizens’ preferences are summarized in
Table 4.3.
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Table 4.3. Key technical and social choices made based on citizens’ preferences
Components

Preferences/Choices
Technical Design Component

Reporting
mosquito nuisance

Collecting
mosquitoes

-Write down the mosquito nuisance level indoor, outdoor, and in general on
paper forms and this is done every last Wednesday of the month by the
volunteer.
-Weighing the costs of using a paper-based form and mobile phone, paperbased form does not cost much. Hence it was preferred for reporting
mosquito nuisance.
-Mosquitoes are caught with a handmade trap that consists of a plastic
bottle filled with yeast and sugar, a torch, and this is done every last
Wednesday of the month.
-Provision of materials to collect mosquitoes (yeast, sugar, torch, and the
trap).
Social component

Volunteer
recruitment

-Everybody that attended the participatory workshop was eligible to be a
volunteer. Those who were willing to participate were invited to write their
names on the provided sheet.

Who should collect
what?

-Volunteers could choose whether to report mosquito nuisance only, collect
mosquitoes only, or do both.
-Volunteers selected the isibo representatives who are responsible for
gathering the collected information and submit them to the research team.

Reporting the
information

Frequency of
collecting and
reporting the
information

Feedback
generation

-Volunteers hand in the forms indicating the mosquito nuisance experienced
and the mosquitoes caught to the isibo representatives during the monthly
meeting that takes place in the last week of the month. The isibo
representatives then have to submit the observations to the researchers at
the health center where the researchers are based every last Friday of the
month.

-Once a month during the isibo meeting.

-Once a month, researchers provide feedback to the isibo representative via
SMS. He/she then communicates the feedback to the volunteers when
volunteers collect the materials for the next round. Volunteers discuss the
feedback and may take measures based on it. For example, if some malaria
cases were reported, they discuss why those cases appeared and aimed to
reduce the number of cases reported in the next round of reporting by more
consistent use of malaria control measures.
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Discussion
Our results indicate that a CSP for malaria control in a rural context in Rwanda is likely to work
best if the inputs and insights from citizens are included in the selection of the technical and
implementation of a CSP with much attention to co-design principles as key for better
implementation of such a program.
Involving citizens in the co-design process
Involving citizens in the design process of a CSP is of particular importance as it may stimulate
other beneficial effects (for example new knowledge) (Mahajan et al., 2019). This involvement
helps participants in deciding whether to participate or not. Some CSPs that do not engage
citizens in the co-design process, have to incentivize participants once they submit the data
(Jordan et al., 2017), and these incentives (money in most of the cases) can be a key motivation
for them to participate.
The co-design process that was employed in our program provided added advantages beyond
normal trainings, because apart from acquiring new knowledge, the participants felt part of
the design and were motivated to contribute to both scientific research as well as malaria
control with no monetary incentives. The engagement of citizens in the design process may
influence the recruitment rate and level of participation in CSPs (Jordan et al., 2017;
Worthington et al., 2012). Hence the participatory design workshops proved an important step
for the community members to be able to decide whether to participate in a CSP.
When the research team started, it was optimistic about the use of mobile phones as one of
the communication channels and for reporting observations. It was clear that the participants
did not prefer it as this option presented more challenges than solutions to the problem.
Similarly, Beza et al. (2018) also revealed that the price of sending SMS can affect the decision
to participate in a project that requires the use of mobile phones. Consequently, the mobile
phones were only used in this study to provide feedback to volunteers via SMS on a monthly
basis and this has no cost implications for the receiver of this SMS.
It was clear that when volunteers have different options (for example different mosquito
collection tools), they can critically reflect, discuss, and decide what works better for them.
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Including citizens in the design process promotes critical discussion which may foster further
community actions to tackle the problem under study (Mahajan et al., 2019). Communities
are different, have different backgrounds, ideas, and they may learn from each other. While
some groups indicated that catching mosquitoes is not possible unless collection tools are
provided, others proposed some materials including buckets and the use of hands to catch
and submit mosquitoes to the research team. This created a new learning synergy needed to
implement a CSP.
Why providing feedback to volunteers?
Communicating the key messages that result from what people report is crucial in any CSPs
(West & Pateman, 2016). Keeping volunteers updated about the progress of the project is an
important aspect as it increases the interaction between volunteers and researchers, and
volunteers can provide feedback on how to improve the project (West & Pateman, 2016). In
turn, this feedback can retain participants, and hence sustain the project (Rambonnet et al.,
2019). As volunteers contribute their time without financial or any other direct benefits, giving
feedback is one of the non-monetary incentives that motivate participants (West & Pateman,
2016). Different forms of feedback, including automated SMS text to individual volunteers,
newsletters and websites, have been used in CSPs (Nov et al., 2014; van der Wal et al., 2016;
West & Pateman, 2016). When regular feedback is provided, it enhances opportunities for
learning and development for the participants. This, in turn, may strengthen the network
among participants and may improve collective practices (Ryan et al., 2018). As reported in
this study, feedback provision was also considered during the design process. Participants
indicated a wish to have monthly feedback from the reports in a form of SMS text. Additionally,
quarterly workshops in order to meet with other volunteers and learn from others, as well as
develop leaflets indicating and comparing reports from different villages were also added.

Study limitations and future research
We realize that additional components may be needed, such as well-documented rules and
regulations for guiding volunteers and preventing them from using other than agreed tools.
However, if tight rules are put in place, the withdrawal rate may be higher as volunteers may
think that it is too difficult for them if they have to obey too many rules for voluntary work.
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On the other hand, not putting these rules and regulations in place may lead to misuse or nonuse of the agreed trap. Future research will explore the use of the trap, by assessing the quality
of the reports that the citizens are submitting.

of mosquito nuisance, and this limited the generation of information about community
preferences regarding what should be observed in the first place. However, researcher
motivation is in most cases an important reason to start a CSP (Rambonnet et al., 2019). Still,
in our case there was also a clear societal reason for why to start this CSP, i.e., addressing the
burden of malaria. The selection of gathering observations of nuisance and mosquitoes was
based on the best available knowledge and successful experiences elsewhere (Ingabire et al.,
2016; Kampen et al., 2015). In addition, the research team wanted to see whether participants
would come up with their own mosquito collection methods. Unfortunately, this was not the
case. Therefore, the team designed and proposed a trap that could be easily used in low
resource settings. The paper-based form also was designed and proposed based on the results
of the baseline survey in 2017. In this survey, only 45% of the people in the study area owned
a mobile phone, and among these only a small proportion (18%) mentioned that they also use
their mobile phone for SMS activities (sending and/or receiving any message). To this end,
proposing a paper-based form was a way to overcome this technology-related barrier.
Besides the information gathered by the current CSP, the program may provide other
information that may help to design more targeted interventions such as spraying and larval
source management. Follow-up studies will determine the Spatio-temporal distribution and
population dynamics of the collected malaria mosquitoes in relation to malaria transmission
risk, and assess how this will support the current government-led mosquito surveillance
program.
The perceived initial motivations to participate in citizen science may be subject to change
over time, and participants presented different motivational factors including a desire to
contribute to malaria control, and to gain knowledge and awareness about mosquito species.
Thus, future studies should remain exploring ongoing motivations as this is a key determinant
for the retention of the participants and thus the sustainability of the program. Although in
this study volunteers indicated interest to acquire new knowledge and skills, for further
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collective decision making it is important to evaluate the CSP by assessing throughout the
participation process what people gain while participating, and whether there are some
individual and collective actions (for example collective management of mosquito breeding
sites that may result (Asingizwe et al., 2018; Leeuwis et al., 2018).

Conclusion
Considering the possibilities and preferences of citizens prior to the implementation of a CSP
for mosquito surveillance is essential for its success. Some technical as well as social changes
were made together with volunteers following their preferences and choices. Following the
involvement of citizens in a co-design process, we arrived at different decisions that we did
not always foresee beforehand. For example, involving volunteers in organizing the process of
collecting and reporting observations facilitated the decision about how and who should
gather the observations, and submit them to the research team. Deciding on the tools to use
while reporting data is of importance because participants know what works for them.
Furthermore, this may positively influence the level of participation. The findings also revealed
that providing feedback from what people report is crucial in a CSP. Thus, this study revealed
a number of technical and social components that are relevant to making a CSP applicable and
feasible in rural areas and/or in locations where internet connectivity is limited. Additionally,
a CSP can build capacity and increase knowledge, which in turn, may lead to further individual
and collective actions for malaria prevention and control.
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Abstract
The field of citizen science is currently growing and this stimulates its application in various
disciplines. However, the underlying motivational drivers to participate or not in citizen
science is rarely studied in different stages of participation. Using a citizen science program
for malaria control implemented in Rwanda as a case study, this study explores the
motivational factors and barriers to participate in citizen science. It also assesses the changes
in motivational factors over time and compares these factors among age and gender groups.
Using a qualitative approach, this study involved 44 participants of whom 30 were volunteers
of the citizen science program, and 14 were non-volunteers but who attended participatory
design workshops used to recruit the volunteers, but who decided not to join the present
project. Results indicated that at the initial stage, people participated in the project because
of curiosity, desire to learn new things, helping others, and willingness to contribute to malaria
control. As the engagement continued, other factors including ease of use of materials to
report observations, the usefulness of the project, and recognition also played a crucial role
in the retention of volunteers. Lack of time and information about the recruitment process,
perceived low efficacy of the mosquito trap, difficulties in collecting observations, and
challenges related to changing the batteries of the torches during the night were reported as
barriers to get and stay involved. Some variations in the motivational factors were observed
among age and gender groups. Generally, desire to learn new things and curiosity were more
prominent among young people and women while contributing to malaria control were
dominant among adults and men. A framework including motivational factors and barriers at
each stage of participation is presented. This framework may be used to explore motivations
and barriers in future citizen science projects. The motivational factors and barriers reported
in this study should be considered to know whom to target, by which message, and at what
stage of participation to recruit and retain volunteers in citizen science projects.
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Introduction
The involvement of the public in citizen science projects (CSPs) is currently growing
significantly (Jordan et al., 2017; Kampen et al., 2015; Theobald et al., 2015). The present
contribution reports on a CSP focusing on malaria control in Rwanda referred to as “a CSP for
malaria control”(Asingizwe et al., 2019) and this CSP aims to provide insights in mosquito
of information is readily available. An important challenge with the design and
implementation of CSPs is how to involve people and retain them. In this regard, motivational
factors seem to be important, but information on these motivations and barriers is limited
especially for non-ICT-based CSPs. Sometimes CSPs may turn out to be unsuccessful because
they do not consider these motivational factors, thus there is a waste of resources if people
start participating and then drop out afterwards (Cunha et al., 2017; Druschke & Seltzer, 2012).
Therefore, to establish an effective and sustainable CSP, this study explored the motivational
factors and barriers to participate in the CSP for malaria control.
Some studies that explore volunteer motivations to participate in “Information
Communication and Technology (ICT)” based CSPs have been conducted in fields as diverse as
agriculture (Beza et al., 2017), biodiversity and conservation (Domroese & Johnson, 2017),
astronomy (Raddick et al., 2013), environment (Land-Zandstra et al., 2016), and health (LandZandstra et al., 2016). There is a large variation in motivational factors reported in these
studies. For example, the motivational factors differ by country and discipline (Beza et al.,
2017). Currently, there is still a knowledge gap regarding the array of these factors in non ICTbased CSPs. Addressing this gap is important for the improvement of recruitment procedures
and, as such, may contribute to the retention of volunteers.
People’s motivations to participate in CSPs include a desire to learn new things, to help others,
to establish a social network, to contribute to scientific research, to help the environment, to
obtain a good reputation in the community, and to further one’s career (Nov et al., 2011;
Rotman et al., 2012; West & Pateman, 2016; Wehn & Almomani, 2019). While motivational
factors may change over time, many studies have examined these factors at a single point in
time (Hobbs & White, 2012; Martin et al., 2016; Marti et al., 2016; Raddick et al., 2013). Only
a small portion has explicitly discussed these motivational factors at different points in time,
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either as initial and/or as retaining motivational factors (Carballo-Cárdenas & Tobi, 2016;
Rotman et al., 2014; Rotman et al., 2012). Given that many CSPs experience a high attrition
rate across different stages of participation (Jordan et al., 2017; Worthington et al., 2012),
there is a need to explore motivational factors and barriers at different points in time to
understand what to focus on at which point of participation to retain volunteers in CSPs.
The motivational factors for participation in CSPs may differ among different groups of people
and some studies indicated associations between motivational factors and demographic
factors (Raddick et al., 2013; Wu & Tsai, 2017). For example, Raddick et al. (2013) compared
the motivational factors among men and women and found that men were more likely to
participate in a CSP because they wanted to contribute to scientific research, while women
were more likely to join because of personal enjoyment associated with the project. LandZandstra et al. (2016) revealed contribution to science and concern for health to be more
salient motivational factors to join CSP among adult people than in young people. The reasons
for participating in citizen science were also compared with the volunteers’ level of education
(Tinati et al., 2017). Although the contribution to science was the most prominent
motivational factor across all levels of education, curiosity to engage in science, fun, and
relaxation were frequent among participants who reported being at high school (Tinati et al.,
2017).
While there are many motivations to participate in CSPs, volunteers may also encounter
barriers or challenges that limit their participation. A marine-related project, by Martin et al.
(2016) revealed that the most important barrier to participate was people’s belief about
limited knowledge of species that they aim to collect. Lack of time and poor or inadequate
technological infrastructure were also reported to discourage volunteers to participate in CSPs
(Rotman et al., 2014; Wehn & Almomani, 2019). When volunteers encounter challenges that
interfere too much with their daily activities throughout the participation, they are more likely
to cease their participation at any time and any stage of participation.
This study aimed to explore the factors that determine participation and continued
participation in a CSP for malaria control. The following research questions were answered:
(1) What are the motivational factors to participate in a CSP for malaria control? (2) What are
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barriers for getting and staying involved in a CSP for malaria control? and (3) How do
motivational factors change over time and vary among age and gender?
Age and gender were chosen as key demographic characteristics of interest, also because in
the study area the majority of the volunteers of the CSP for malaria control have comparable
low levels of education and all of them are farmers, effectively precluding these factors to use

In the next section, a conceptual framework is presented that describes the different stages
of volunteers’ participation in a CSP at different points in time, and different motivational
factors and barriers to participation (Figure 5.1). This is followed by a description of the
methodology of our study with a description of the CSP for malaria control. Then the results
regarding the initial and ongoing participation are presented together with changes in
motivational factors over time and variations among age and gender. Finally, the results are
discussed in a broader context of the citizen science field.

Conceptual framework
Volunteers’ participation in CSPs involves various stages at different points in time and these
include the decision to participate or not, initial participation, ongoing participation, and
future or sustained participation (Figure 5.1). In most of CSPs, not all those invited are willing
to join. Furthermore, not all people who decide to take part in the program by registration do
move to the initial participation, submit or report the first observations, and stay involved
(West & Pateman, 2016).
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Figure 5.1: Different stages of volunteers’ participation (active collection and
reporting/submission of citizen science data) in a citizen science program

Different ways have been used in the literature to categorize motivational factors (Clary et al.,
1998; Finkelstien, 2009). The categorization used most in citizen science literature is by Clary
et al. (1998) and includes six motivational functions for volunteerism: values (desire to help
others and contribution to health and or environment), social (want to meet new people,
socialize), understanding (interest in learning opportunities), protective (desire to address own
problems), enhancement (want personal improvement), and career (interest in gaining
experience) (Clary et al., 1998; West & Pateman, 2016). These functions serve as motivation
to start and continue participation in CSPs (Cox et al., 2018; Peachey et al., 2014; West &
Pateman, 2016). Another categorization of motivational factors is from Batson et al. (2002)
who classified motivational factors in four categories: egoism (self-related motivations or
increasing one’s welfare), altruism (helping others), collectivism (contributing to general
health and environment or contributing to the overall project’s goals), and principlism (moral
principles).
Although these authors have classified the motivational factors using different categories, it is
clear that some of the categories are similar or somehow related. For example, the values
function in the first categorization is related to altruism and collectivism in the second
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category, and different studies have used these classifications in different ways (Beza et al.,
2017; Domroese & Johnson, 2017; Raddick et al., 2013). It is apparent that these factors may
change at different stages of participation (Figure 5.1), and many factors may operate at one
single point in time. For example, the motivations at the initial stage are subjected to change
over time as citizens deepen their engagement in the project, and knowledge increases

In the current literature, few studies have used the four categories of motivations of Batson
et al., (2002) to indicate motivational factors in different stages of participation in CSPs. For
example, some studies indicated egoism (for example learning about bees in the Pollinator
project) to be a primary motive for initial participation, while altruism and collectivism (for
example, contributing to both research and environment) were associated with long term
participation (Domroese & Johnson, 2017; Rotman et al., 2012). In contrast, Land-Zandstra et
al. (2016) found contribution to research, health, and environment to be the most dominant
factors that motivated people to join the Dutch iSPEX CSP, a project on measuring air quality.
These differences indicate that a common framework to present these motivational factors
and barriers in the different stages of participation is needed. Exploring the motivational
factors and barriers in these stages provides evidence that may better inform future CSPs on
what to do at each stage to encourage people to get and stay involved.

Materials and Methods
Overview of a citizen science program for malaria control in Rwanda

The study was carried out as part of a project that is being implemented in five villages of the
Ruhuha sector in the Bugesera District in the Eastern province of Rwanda. Ruhuha was
selected because it is a malaria-endemic area, with no current active vector surveillance. The
sector is divided in five cells, and the cells are further divided in different villages. One village
was randomly selected in each cell for the implementation of this CSP. On average, each village
has 150 households and 45 households were invited to attend the participatory workshops
where volunteers were later selected and this project was launched in 2018 (Asingizwe et al.,
2019). Of the 185 people who attended the recruitment workshops, a total of 116 (63%)
volunteers accepted to participate in the project and 69 (37%) decided not to participate.
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Through co-designing, the goal of the project was to engage citizens in malaria control through
the collection and reporting of mosquito species, mosquito nuisance experienced and
confirmed malaria cases that occurred two weeks prior to reporting. When collecting
mosquitoes, volunteers use a handmade trap and have to change batteries of the torches
during the night. The details of the co-design and the handmade trap are in Chapter 4
(Asingizwe et al., 2019). Volunteers reported data on a monthly basis (collected the data every
last Wednesday of the month) and the researchers provided monthly feedback. The
researchers also organized dissemination workshops every four months to provide updates
about the observations reported in the previous four months, offer additional knowledge on
the mosquito species, as well as discuss challenges and ways forward (Asingizwe et al., 2019).
Study design and participants
An exploratory descriptive design with a qualitative approach was used. This study involved
both volunteers and non-volunteers. Volunteers were defined as those who participated in
the CSP on malaria control which consisted of reporting mosquito nuisance experienced or
the number of confirmed malaria cases in the family, and/or participated in mosquito
collection. Non-volunteers were people who only attended the participatory design
workshops that were used to recruit volunteers but decided not to join the project (Asingizwe
et al., 2019). In total, 30 volunteers across all five villages who reported mosquito nuisance
and or collected mosquitoes were purposively selected to participate in this study of citizen
science implementation; that is, six volunteers per village. These included both men and
women of all ages (young adult: aged 23 to 35; adult: aged above 35). In addition, 14
participants who attended the participatory design workshops but did not join the project
were also selected purposively. Table 1 provides an overview and details of the study
participants.
Data collection instrument
A semi-structured interview guide was developed based on the research questions. Openended questions and probing were used to get an in-depth understanding of motivations and
barriers. The guide was flexible to allow exploration of new ideas presented by the
interviewees and to enable the addition of questions and probing as the data collection
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progressed. The guide had two versions: one for volunteers and another for non-volunteers.
The volunteer version was used to explore the motivational factors for making decisions to
participate and submit initial citizen science data, for continued participation, as well as for
willingness for future participation. It also included questions related to barriers for staying
involved, perceived reasons to stop, and perceived barriers for future participation. The nonvolunteer version included the questions related to barriers to get involved in the CSP and
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willingness to get involved.
Data collection procedure
Overall, 44 individual in-depth interviews were conducted to capture participants’ reflections
on motivational factors to participate and barriers to get and stay involved in the CSP on
malaria control. A list of participants drawn during the participatory design workshops
(Asingizwe et al., 2019) as well as monthly reports from volunteers were used to select the
participants to be interviewed. Data were collected in March 2019 (this means after four
rounds of monthly citizen science data collection as reporting started in November 2018). A
digital voice recorder was used together with taking notes for each interview. All interviews
were conducted at the Ruhuha health center, a central and convenient location for all study
participants. The duration of the interviews ranged from 25 to 50 minutes.
Data analysis
Each interview was recorded and later transcribed. A qualitative content analysis was used
(Hsieh & Shannon, 2005). This approach allows for obtaining direct information (categories)
from the data analysis without having or imposing predetermined categories (Hsieh &
Shannon, 2005), hence getting a deeper and richer understanding of the phenomenon under
study. After transcription, the demographic data were extracted from Word to an Excel sheet
and for reasons of confidentiality, each participant was given a code that was then used in the
presentation of the results. For the first round of reading, open coding was performed for ten
interviews to become familiar with the data and preliminary codes were identified.
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After that, all interview documents were transferred to ATLAS.ti, and open coding was
performed to all documents using the identified codes. As indicated by Elo and Kyngas (2008),
open coding involves writing notes and headings in the text while reading the transcripts.
Through coding, verification was also done to check whether there is data that may not fit the
identified codes, hence adding new codes; or whether there are codes that may be
overlapping or similar in which case they could be merged. From there, the related codes were
grouped into categories. The categories were revised and checked to ensure that they were
mutually exclusive, thus a final list of categories was made. These categories were then
grouped into subthemes.
To explore changes in motivational factors over time (initial and ongoing motivational factors),
a network view between categories and related subthemes was created in ATLAS.ti. This was
done to visualize linkages between categories and the initial or ongoing phases of
participation. For comparing the motivational factors among age and gender groups, the codedocument table was used by matching the motivational factors with age and with gender
groups. To equalize the coding density of all selected groups, normalization was done in
ATLAS.ti. The code-document tables were then exported directly to excel to create figures.

Results
We first present the demographic background of the participants, followed by the results
pertaining to the three research questions of this study. The presentation of the results follows
the structure of Figure 5.1. We show the results by stages of participation in the CSP for
malaria control and for each stage, we indicate the corresponding motivational factors and
barriers. In addition, the change of motivational factors over time and comparison among age
and gender groups are also presented.
Demographic characteristics of the participants
Overall, forty-four participants were involved in this study. More than half (57%) of volunteers
were aged above 35 years and (57%) of non-volunteers were aged 35 years and below. There
was an equal number of female (50%) and male (50%) volunteers. Among non-volunteers
more than half (57%) were female. Regarding the education level, the majority had partial or
complete primary school in volunteer (63%) and non-volunteer groups (57%).
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Variables
Age

Gender

Education

Categories
Young adult (35 years and below)
Adult (above 35 years)
Total
Male
Female
Total
None
Primary (partial or completed)
Secondary (partial or completed) and above
Total

Volunteers
n (%)
13 (43)
17 (57)
30 (100)
15 (50)
15 (50)
30 (100)
3 (10)
21 (70)
6 (20)
30 (100)

Non Volunteers
n (%)
8 (57)
6 (43)
14 (100)
6 (43)
8 (57)
14 (100)
1 (7)
8 (57)
5 (36)
14 (100)

Motivational factors
The motivational factors were divided in three main categories including (i) factors that
influence the decision to participate and initial participation, (ii) factors that influence
retention or continued participating, and (iii) factors that may determine participation for the
long run of the reporting activities even beyond the completion of the research project. The
decision to participate and initial participation were combined because there was a high level
of participation since the project started. All participants that decided to participate submitted
the first observations as part of the CSP for malaria control. In addition, almost all continued
in the first year of the project.
The decision to participate and initial participation
It was clear that people had more than one motivational factor when they decided to
participate. Four main factors emerged: (i) curiosity, (ii) desire to learn new things, (iii) helping
others, and (iv) contributing to malaria control.
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Curiosity
Generally, many people decided to participate because they were curious to catch mosquitoes
and were interested to use the handmade trap as one mentioned: “when started I had the
curiosity to collect mosquitoes. I could not imagine the water bottle catching mosquitoes! Until
when we started and I was able to collect mosquitoes that is when I believed that it is possible.”
(KRPV_AF1). Surprisingly, many people reported that they did not sleep when they first set
the trap (for the first month) because they wanted to observe how the mosquitoes are caught
by the trap: “When I started, the first month I did not collect mosquitoes and I reported no
mosquitoes caught. I was very angry and disappointed. [....] for the following month, I was
awake the whole night.”(YRPV_YF1).
Desire to learn new things
Some participants saw this project as an opportunity to expand their knowledge about malaria
and its control: “The main reason I decided to participate in this project is what I learned when
I came for the first workshop. [....] when I attend a workshop, there are always important
things that I gain which in turn may help me to control malaria.” (BRPV_YF4). Participants were
interested to see the malaria mosquitoes and thought that through providing feedback and
dissemination workshops they will acquire the knowledge and skills about mosquito
identification. Some of them were even ambitious that after gaining knowledge on different
mosquito species they can easily identify them whenever they see them: “[....]. I would not
know how a female mosquito looks like. Therefore, after some months, if you will bring these
mosquitoes and show us those species, I am sure I will gain some knowledge in that. [....] if I
will go in the bushes and see a mosquito, I will be able to confidently [....] identify the name.”
(MRPV_YM5)
Helping others
Some participants expressed that they were willing to help researchers at the beginning of the
program and they wanted to collaborate by collecting and reporting observations as one
expressed: “After the workshop [....] I thought that I do not have to look at my interest only
and think that there is no payment. [....] I thought that if researchers are requesting for help to
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collect and report information without any payment, then it would not be right if there is
nobody to help them.” (BRPV_AF6). In addition, one participant already saw the researcher
collecting mosquitoes in an area close to his home, and thought the work was tiresome.
Consequently, he thought that participation would make the work easier: “You see that your
colleague used to come down there to collect mosquitoes in our village, it was tiresome for her.
Thus, after the participatory workshop, I immediately thought that I have to participate and
participants thought that after attending the workshop and gaining knowledge, they would be
able to confidently advice their neighbours about the use of malaria control measures: “[....] I
can explain and share knowledge with others, I mean those who did not have the opportunity
to attend the workshop.” (MRPV_YF7)
Contribute to malaria control
The majority of the interviewees indicated a desire to contribute to malaria control through
collecting mosquitoes as they disturb them while sleeping as one stated: “Right after
mentioning that you wanted the volunteers to collect mosquitoes, I immediately said that I am
going to write my name on the list of mosquito collectors so that I can really catch them during
the night because they bite me a lot [....].” (MRPV_AF4). Other study participants expressed
their interest to participate in malaria reduction as they indicated the severity of the disease
and its associated consequences. One participant said: “I always have one goal in my life [....]
to improve the wellbeing of every Rwandan. Normally, there are some values that everybody
should follow [....]. I feel that whichever way can be used to control malaria, I am willing to go
for that and do it. I am committed to help the country to eliminate malaria in any way. That is
the main reason that I did not hesitate to write my name on the list of volunteers [....] malaria
is a very serious disease that has many consequences to all Rwandan population [....].”
(BRPV_AM3). In addition, some volunteers consider participation as a social responsibility to
improve the wellbeing of people around them: “ [....] I felt that participation will benefit the
country, and I also benefit when I live with people who have a better health. [....] thus, I always
feel responsible to play a role in others’ development, better health, and better surrounding
environment.” (KRPV_AM2)
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Ongoing participation
After deciding to participate, all volunteers collected and submitted the first data and
continued to report for the period of the project (one year). Six factors were reported (i)
opportunity for learning, (ii) helping others, (iii) malaria control, (iv) ease of use of the tools,
(v) usefulness of the project, and (vi) recognition.
Opportunity for learning
As the program continued, participants expressed their interest to learn new things, and this
motivated them to continue reporting. This learning process mainly happens during
workshops: “Nothing pushed me to continue except [....] gaining knowledge. I think if I
continue participating, obviously I will learn a lot of things [....].” (BRPV_YM2). Another
participant expressed: “The reason I continued is that although you have explained many
things to us, for example, different measures to be used for malaria control, there is still more
that we do not know yet. I can not specify exactly what it is, but I believe there is more to come
and I have to make sure that I participate [....].” (MRPV_YF7).
Helping researchers
Some interviewees reported being motived to continue because the researchers still need
them in the program and they already agreed to provide support. Therefore, they feel obliged
to continue in a team of volunteers: “When you start something, you need to continue until
the end. [....] that is the main reason I would put much effort to continue. I have to be on the
same page as others and continue until the research will end. So that by the time it ends, I will
be confident that I have contributed from the start to the end.” (MRPV_YM5). Furthermore,
respondents mentioned that the research was still ongoing, and believed that the results are
not obtained: “The reason I have to continue collecting and reporting the observations is that
there is no way the research can continue if we do not submit the observations. You cannot
say that you are doing malaria-related research with a focus on mosquitoes when you do not
have those mosquitoes. [....] thus, the research can only achieve its objectives, when you have
those mosquitoes, and we are the one to collect and submit them.” (MRPV_YF7)
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Malaria control
Some respondents indicated that they were interested to continue because the research was
related to malaria. By submitting the observations, the results can show a picture on the
mosquito density in their villages, and this can indicate a correlation with malaria risk as well:
“I continued reporting the observations because there is a time you can collect one mosquito
When increased, that will indicate that there is also an increase in malaria risk.” (MRPV_AM8).
Furthermore, participants indicated that it is the responsibility of every citizen to play a role
to control mosquitoes and malaria in general. In this regard, researchers were seen as
stakeholders in this control action: “I always believe that our government is doing a lot in terms
of mobilizing people to control mosquitoes. In this regard, researchers came also as important
stakeholders so that we can play a large role in fighting against mosquitoes.” (ZRPV_YM6)
Ease of use of reporting materials
The majority of the respondents indicated that participation (collecting mosquitoes through
setting up a handmade trap) did not require effort and this, in turn, had an effect on the
retention of the participants. Some expressed that waking up during the night to change the
batteries of the torches is not a problem as they also generally wake up at night and move
around the compound for the security of their domestic animals: “Personally, that time of
setting up the trap and follow it up to change the batteries of the torches during night is not a
problem. Furthermore, in a normal circumstance, as a man in the house, I usually wake up
during the night and go out to see what is happening in the compound especially when you
have cows or other domestic animals.” (MRPV_AM1)
The perceived usefulness of the program
The usefulness of the program was key in maintaining volunteers’ interest to continue
participating. Some respondents indicated an increase in using malaria control measures and
being able to mobilize their neighbours about malaria control. As a result, some interviewees
reported a perceived decrease in malaria cases in their families and getting positive feedback
from their neighbours:“ The most important reason that motivated me to continue is the effect
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of these activities in my family. Since I started participation, I am using malaria control
measures, and consequently, I have observed a reduction in malaria cases [....], I always
mobilize my neighbours, and they have been telling me that the advice given was helpful [....].”
(ZRPV_YM5). Other participants continued participating because they expect more benefits in
the future. Some participants believed that once researchers get the results, they will provide
the information back to them, and try to solve the problem in collaboration with the
policymakers: “After reporting the observations and having the information about the results,
you will give us advices, or do something to resolve the problem. [....] if I do not participate and
provide the report, there is no way that the researchers or policymakers can be able to know
the target location [....].” (BRPV_YM2)
Recognition, attribution, and expectations
Some interviewees expressed that they do not expect anything in return as a payment
(monetary incentives). However, most of them indicated a need for recognition. Participants
reported a range of minimal recognition that could motivate them to continue reporting and
facilitate long-term participation. These include (i) feedback provision, (ii) visits, (iii) more
workshops, and (iv) ticket reimbursement for attending a workshop. In relation to the
feedback, participants stated: “When we receive that Short Message Service (SMS), we see
that you always think about us and our effort. Because giving feedback means that we are still
together in the program [....] and you value the work that we are doing. This is encouraging.”
(BRPV_YM2)
Some interviewees indicated a need for more interaction with researchers during village visits,
home visits, or phone calls: “Village visits and interaction with researchers would motivate
people to continue reporting. Because if you visit people in their villages, they, in turn, think
that you care about them and value what they are doing. For example, yesterday when you
called me for this interview, I really felt very happy because you still remember me. Thus, you
can plan village visits, or phone calls because it is also an interaction. You can even plan some
home visits, or visit us in our isibo meetings.” (KRPV_AM2)
Furthermore, some participants expressed a need for more workshops and expressed ticket
reimbursement as one of the motivating factors. This was expressed thinking that when they
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attend a workshop they usually spend the whole day without doing any other activities: “You
may observe that it has been a long time without having a workshop for all volunteers, and
you may invite all of them together. After the workshop, you may say that as a reimbursement
of the day (because they may not have worked for that entire day) I am giving you this ticket.
I believe this can motivate us.” (MRPV_AM8). Some participants also voiced that it would be
good for the volunteers to have a common distinctive symbol for their identification: “I think
others may know who he/she is and where the person is going, they will say that “this person
belongs to that group of volunteers”. For example, you can give us T-shirts with a logo of the
project.” (MRPV_AF2)
Future participation

Among volunteers
All volunteers indicated a willingness to continue to participate even after the completion of
this PhD project. Participants indicated that they would like to continue participating so that
they will know how (to what extent) mosquitoes are in their home environment given that
participation does not require many resources and effort: “Completing the research project
does not mean eliminating malaria. Therefore, if there is somewhere to submit the report, then
I can continue [....].” (MRPV_AM8)
Among non-volunteers [interest to get engaged]
When we asked non-volunteers if they have thought about the project afterwards and may be
willing to participate and change their decision, all of them indicated their desire to do so.
Some of them felt that it was a failure not to be among volunteers and felt they could have
taken a different decision. In addition, some visited the volunteers to see how they have been
collecting mosquitoes: “When others started collecting data, and I was not among them, I
thought it was a failure as I took a wrong decision [....]. I even went to one of the volunteers to
see how he collects mosquitoes [....]. Thus, in case there is another opportunity to include other
people, I am willing to participate.” (KRPNV_YM3).
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Although many non-volunteers indicated their willingness to participate, the volunteers
indicated that some non-volunteers think that they are getting paid, and that could be one of
the reasons why they also want to be involved: “There are several people who are willing to
participate in my village, but some of these think that we are getting paid. However, there is
another category of people who want to know anything that can eliminate malaria in their
families. Consequently, they are willing to do anything possible that can eliminate mosquitoes
in their homes.” (KRPV_AF1)
Barriers to participate in the malaria-related CSP
Several factors were identified that can impede people to get or stay involved in the malariarelated CSP. These barriers were grouped into four: (i) barriers to get involved, (ii) barriers to
stay involved, (iii) perceived reasons to stop, and (iv) anticipated barriers for future
participation.
Barriers to get involved
Most of the interviewees (non-volunteers) indicated that they were not well informed about
the recruitment process that was used. In addition, since they have participated in the
participatory design workshops, they thought that this would put them automatically in
volunteer groups. Thus, they thought that they would be called back to pick up the materials
to be used for reporting the observations: “I do not know how it happened. I remember writing
my name on one sheet of paper, so I did not follow what was happening on the other sheet.
For the second time, when you distributed the materials and I was not invited, that is when I
realized that I was not included on the second list of volunteers.” (MRPNV_YM1)
Although the majority stated that they were not well-informed, a small number of participants
indicated lack of time as a primary reason for lack of participation, and one participant stated
that she would not be available by the time of collecting observations because she was
planning to be out of the study area for quite some time: “I was doing some school training in
Kigali, and I thought if I write my names on the list, you may call and find that I am not there.
Or it would be difficult if I have to travel all the way every month. Thus, I just took a decision
not to participate.” (BRPNV_YF2). In addition, another indicated that he was too old and thinks
that those are the activities for women and youth. Because to him, those are the people that
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are available most of the time and can closely follow up on those activities: “I am an old man
(68 years old), and I remember I did not write my name on the list of volunteers because I
thought the youth will do it. I could not imagine at my age collecting mosquitoes [....] I have a
lot of work to do at home [....] and I do not think I can have time to do that. There is some work
[....] for young people, those who still have a lot of energy and time[....].” (KRPNV_AM1)

The majority of volunteers mentioned that they have not encountered any barrier since they
started participating. Others mentioned some barriers related to (1) perceived low efficacy of
the trap, (2) pressure to collect more mosquitoes, and (3) difficulties related to changing
batteries at night.
Perceived low efficacy of the trap
The majority of volunteers reported a perceived low efficacy of the trap that was made
available. Some participants were wondering whether the trap has been tested before taking
it to the field: “The challenge is the trap we use while collecting mosquitoes. It has been so
difficult for me. [....] mosquitoes are not going inside the trap. I sometimes wonder whether
you have tested these materials before bringing them to be used in the field.” (KRPV_AF5)
Pressure to collect more mosquitoes
Relatedly, as a result of perceived low efficacy of the trap, some reported pressure to catch
mosquitoes, and submitting a report with no mosquitoes was considered as a shame to some
of the participants. In this regard, some participants preferred to use other methods (for
example catching mosquitoes by only using a net and hands) in case the trap did not catch the
mosquitoes: “I have been considering a report without mosquitoes to be a bad report. It does
not really look good. It would be a problem to submit a report saying that you did not find
mosquitoes while they are there [you can hear them making noise]. In addition, there are many
strategies to collect them. I do not like to give a bad impression, neither I like to withdraw my
commitment. Thus, I preferred to continue and use hands to collect them.” (BRPV_AF6)
Furthermore, instead of using a trap for one day (for one round of collection per month) as
indicated, some people preferred to set the trap twice (two days) so that they try their luck
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and see whether they can collect mosquitoes. For this, some people use the same mixture
(sugar, yeast, and water) for two days, or buy other ingredients and make another mixture
again: “For the first time I submitted a report with no mosquitoes, but I was really disappointed.
Then after that, I started using two days to see whether I can collect at least a few. I could use
the same mixture (sugar, yeast, and water). I had to make sure in the following morning if no
mosquito caught, I could cover the mixture carefully and use it again in the evening. [....] I
always wish to submit a report with mosquitoes as recommended.” (YRPV_YF1)
However, some respondents think they have to report whatever caught by the trap. Thus, they
do not feel ashamed when they do not collect mosquitoes as long as they set the trap as
recommended. In addition, using other methods to collect mosquitoes was considered by
some of the participants to be against the rules of the research: “[....] I think that would be
against the rules given from the researchers. I always think that there is a reason why you gave
us those tools and definitely those are the ones to be used.” (KRPV_YF6). “When I do not collect
mosquitoes, I do not feel ashamed [....]. What I have to make sure is that I set the trap as
recommended, that’s it. Otherwise, if no mosquito caught, then it is ok. I have just to submit
the report.” (YRPV_AM2)
Difficulties related to changing batteries at night
A final barrier that was perceived was related to changing the batteries of the torches.
Participants reported that sometimes it is difficult to know when the torch gets off, thus a
close follow-up should be made: “These days collecting mosquitoes was a challenge, due to
these tools that we are using. It requires a close follow-up during the night so that you know
when to change the batteries of the torches.” (ZRPV_AF4). Along the same line, another
participant stated: “Sometimes I wake up at midnight going to change the battery of the torch,
but I found the torch is already off, so in that regard, you don’t know exactly when it turns off.”
(KRPV_AF1)
Perceived reasons to stop (leave the project)
All participants believed that there was no reason to stop participating unless they move to
another location, get a disease that cannot allow them to continue or is a decision from the
researchers: “I do not think there is a reason why I should stop this activity.
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However, today’s world is full of problems and challenges. Sometimes you may move to
another location to look for other ways of living, and these are inevitable. Thus, if those
inevitable reasons may happen, I may decide to stop.” (BRPV_AM3). In the same line, another
respondent mentioned: “As long as I am still alive, I will not stop, unless I have a chronic
disease that may make me a bedridden patient, because in this case, I would not be able to do
it.” (KRPV_YF3)

5

Anticipated barriers for future participation
Many participants indicated that there will be no challenge to continue reporting observations
after the completion of the research project, as participation does not require effort. However,
a majority indicated anticipated barriers including the inability to find materials (when they
will no longer be offered by the project): “The main challenge that may even prevent further
reporting of observations is lack of materials. You see that we use sugar and yeast, and not
every volunteer may be able to buy them. Finding a person willing to buy sugar and yeast for
collecting mosquitoes, when he/she does not have even a matchbox or soap, will be difficult.”
(ZRPV_YM6)
Change in motivational factors
The motivational factors were compared over time (initial vs ongoing), and variations between
age and gender were explored.
Change of motivation over time
A network view (Figure 5.2) showed that, when volunteers decided to participate in the
malaria-related CSP, they were curious about collecting mosquitoes, wanted to learn new
things, and contribute to malaria control. As they started submitting the observations, some
motivational factors continued to be present and encouraged them to continue reporting.
These included the opportunity for learning, helping researchers, as well as contributing to
malaria control. In addition, other factors like ease of use, usefulness, as well as recognition
came into play as participation progressed.
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Figure 5.2: A network view indicating linkages between motivational factors over time
(initial vs ongoing participation)
Comparison of motivational factors by age categories
The motivational factors (both initial and ongoing) were compared between young adults and
adults (Figures 5.3 and 5.4). For initial motivation, desire to learn new things and curiosity
were more prominent among young people while helping others and mosquito elimination
were dominant among adults (Figure 5.3). These two groups were almost equally motivated
by contribution to malaria control. For ongoing participation, still, the opportunity for learning
came at the first place among young adults, while ease of use of the materials and usefulness
of the program were central for adults (Figure 5.4). Also, the two groups were almost equally
motivated by the recognition of their effort.
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Comparison of motivational factors by gender
The motivational factors (both initial and ongoing) were also compared between men and
women (Figures 5.5 and 5.6). Generally, not many differences were observed between the
motivational factors reported by both men and women, especially at the initial stage (Figure
5.5). However, Figure 5.5 shows that women reported personal interest (curiosity and desire
to learn new things) more frequently while men were more motivated to contribute to malaria
control. This is also clear from the motivations reported for retention, where women indicated
that they were more motivated by the usefulness of the project, ease of use of materials, and
learning opportunities while men reported recognition as primary motivation for them to
continue reporting observations (Figure 5.6).
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Discussion
This study explored the motivational factors and barriers to participate in the CSP for malaria
control, assessed changes in motivational factors over time, and compared these factors
among age and gender groups. The first part of this section discusses the findings
(motivational factors, barriers to get and stay involved, and the changes in motivational
factors) (Figure 5.7). The second part presents the implications of the results in a broader
context of citizen science. Finally, it presents the strengths, limitations, and avenues for future
studies.
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Figure 5.7: Motivations and barriers to engage in different stages of participation in a citizen
science program

Discussion of the findings
Motivational factors to participate in the citizen science program
The findings of this study revealed that at the initial stage, people had different motivational
factors including curiosity, desire to learn new things, and contributing to malaria control.
Similarly, some other CSPs also revealed the presence of both personal interest and collective
motives at the initial stage like in the Great Pollinator Project (Domroese & Johnson, 2017)
and Seeds for Needs project (Beza et al., 2017). In contrast with these results, at the initial
stage, some other CSPs revealed either the presence of personal factors (egoism) alone, for
example in ecological base CSPs (Rotman et al., 2012), or collective factors (value: contribute
to health, scientific research, and environment) alone, for example in the iSPEX CSP project
(Land-Zandstra et al., 2016), the Great influenza project (Land-Zandstra et al., 2016),
astronomy research (Raddick et al., 2010; Raddick et al., 2013), and a marine-related project
(Carballo-Cárdenas & Tobi, 2016).
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The presence of both personal and collective factors in the current study may be attributed to
the interest in the topic (malaria control) and interest in collecting mosquitoes as citizen
science is a new approach in the study setting. In addition, the data collection tools may have
made volunteers curious to explore how mosquitoes can be caught by the handmade trap.
Equally, the co-design approach that was used may have triggered both motives (Asingizwe et
al., 2019). The fact that people started participating in the current citizen science program
played a big role in their ongoing participation because they considered malaria as a threat
that requires a joint effort for better control.
Opportunities for learning, helping researchers, contributing to malaria control, the usefulness
of the project, ease of use of the tools, and recognition were identified as motivational factors
for retention. The desire to help researchers to accomplish their tasks has also been reported
in the Seeds for Needs project (Beza et al., 2017). Sometimes, volunteers help researchers to
reach their goals knowing that they will also get something in return (Beza et al., 2017). The
presence of collective motives in this ongoing stage also corroborates with earlier citizen
science studies. For example, a marine-related project, by Carballo-Cárdenas and Tobi (2016)
found that participants were still concerned about the environment in the later stage of the
project, and also other factors including learning, self-enhancement, and socializing came into
play. While participating, volunteers have some expectations related to the future use of
citizen science data, and this may motivate them to stay in the project. For example, in the
present study, volunteers reported that once observations are submitted, the data can be
used for further planning about malaria control interventions, hence they were motivated to
continue participating. In a similar way, in the iSPEX project, which involves measurements of
air quality, volunteers expected that after submitting the measurements, the data can give a
clear picture about aerosols in The Netherlands, hence the data can have an impact on both
health and environmental policies (Land-Zandstra et al., 2016). These expectations show how
people are concerned about health, issues related to living places and environment, and how
these collective motives play an important role in the retention of volunteers (Land-Zandstra
et al., 2016).
Recognition was mentioned as an important factor that motivated volunteers to continue
reporting the observations in the current study.
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Appreciation of volunteers’ contributions and acknowledgment have been also reported in
ecological CSPs to influence the ongoing participation in CSPs (Rotman et al., 2014; Rotman et
al., 2012). While the majority of volunteers in citizen science do not expect anything in return
after sharing the citizen science data, some of these volunteers expect some rewards including
information about the topic under study and sometimes monetary incentives (Beza et al.,
2017). Feedback was considered as one form of recognition. Receiving feedback implies that
the work of volunteers is being used for the project’s purpose (Rotman et al., 2014; Rotman
et al., 2012). The feedback also helps the volunteers to feel part of the project which in turn,
affects the engagement in the long term (Tinati et al., 2017).
Willingness to participate in future CSP activities
All volunteers were willing to continue participating even after the completion of the research.
Previous studies have reported some conditions for future participation in CSPs (LandZandstra et al., 2016). These conditions include reminders to report and feedback about the
value of volunteers’ contributions. The willingness to participate in future activities depends
on the previous fulfillment of individual motivations (Clary et al., 1998). As in this study, in the
Great Pollinator project, by Domroese and Johnson (2017), the appreciation of the project’s
activities and willingness to participate among non-volunteers have been reported. This
indicates that the feedback provision or sharing project’s activities is an important factor for
(1) engagement over a prolonged period and (2) willingness for future participation. When
people consider the goals of the project to be a priority in their daily lives, then the willingness
to participate or continue participation will increase (Fienieg et al., 2012).
The consideration of malaria as a burden in the community where this study has been
conducted could have influenced the willingness to participate in the future because through
the submission of observations, other malaria control interventions can be implemented in
the area.
Barriers to get and stay involved in the citizen science program
Lack of time and lack of clear information about the recruitment process were the two most
salient barriers among those who did not participate in the citizen science program.
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Unlike to this study, the time constraint was a barrier among those who ever participated but
later dropped in marine-related projects (Carballo-Cárdenas & Tobi, 2016; Martin et al., 2016),
and the Great Pollinator Project (Domroese & Johnson, 2017). On the other hand, the barriers
among those who never participated in a marine-related project included low perceived threat
of lionfish, thus collection of related data was perceived to not have value (Carballo-Cárdenas
& Tobi, 2016). In the same way, Rotman et al. (2012) reported (perceived) power relations
Considering researchers as trained professionals with power and that they are conducting
research for their purposes sometimes hinder the initial collaboration between researchers
and volunteers and negatively affect the initial decision to participate (Rotman et al., 2012).
These reported factors among non-volunteers are mainly due to the lack of project related
information. The relatively long duration (six hours) of the participatory design workshops
used to recruit the volunteers in the current study (Asingizwe et al., 2019), might have affected
the participants’ concentration level. Hence, some of them missed out the information about
the recruitment process.
Similar to the current study, difficulties in identifying observations, for example, flowers and
or bees were reported as barriers for continuing participation in the Great Pollinator Project
(Domroese & Johnson, 2017). Comparing with ICT-based CSPs, some technology-related
barriers were reported as challenges to stay engaged and influenced people to leave the
project (Carballo-Cárdenas & Tobi, 2016; Martin et al., 2016). For example, Martin et al. (2016)
revealed that technological design-related problems (systems which are not user-friendly and
which have limited internet connection) can be barriers for volunteers to collect and submit
citizen science data.
Additionally, failure to recognize and take into account the interest of volunteers may make
them think that their motivations are downplayed and can result in leaving the project
(Rotman et al., 2012). Contrary, when the voice of the volunteers is heard, then it is more likely
that they can stay involved. For example, in this study waking up at midnight to change the
battery of the torches was reported as a barrier. When this was raised, the volunteers
alternatively suggested to buy other types of torches with batteries which can last for the
whole night. Consequently, this suggestion was considered by the researchers, and new
torches were bought.
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Thus, without discussion, the researchers would not have known whether the torches needed
to be replaced. In turn, this could have affected the collection of citizen science data.
Comparing motivational factors to participate in a citizen science program across age and
gender
Similarly to this study, Land-Zandstra et al. (2016) found adult volunteers to be motivated by
their contribution to a CSP. While young adults were motivated by learning opportunities in
the current study, in a water quality monitoring project, Alender (2016) also revealed the need
for career development to be higher among young people than older volunteers. Besides age,
the variations in motivational factors were also observed among women and men where
curiosity and desire to learn new things were more prominent among women while contribute
to malaria control were dominant among men. These findings largely corroborate with the
results of a Galaxy Zoo project, by Raddick et al. (2013), however interest to learn new things
was also higher in men than in women. Contrary, Land-Zandstra et al. (2016) found the
opposite where women were more motivated to participate because they were concerned
about health, while men were more interested in science and the fun part of the project.
Implications of the current results in the field of citizen science
Based on the results of this study, the following implications were formulated:
The present results on motivational factors and barriers largely agree with the findings of ICTbased CSPs (Carballo-Cárdenas & Tobi, 2016; Domroese & Johnson, 2017; Rotman et al.,
2012). This shows that when volunteers are committed to collect and submit citizen science
data, the nature of the project (whether ICT or non ICT-based) does not play a large role. What
should be considered is how the citizens are recruited, how they are engaged in the design
process, what benefits they are receiving, and how their contributions are acknowledged. The
motivational factors should be considered because highly motivated volunteers can collect
and submit high-quality citizen science data (Dem et al., 2018). This indicates that in the
absence of technology-related tools, a CSP can be implemented as long as the citizens are
motivated to do so.

144

Motivations and barriers to participate in citizen science
Nevertheless, two important factors, feedback provision and recognition, need further
emphasis in citizen science. In citizen science, volunteers may not directly or explicitly ask for
payment or monetary incentives (for example because of shyness), and in turn, they can ask
some valuable objects (for example ticket reimbursement in this case). While monetary
compensation can be motivating on the one hand, on the other it can also be a barrier for the
CSPs with a low budget and may affect their willingness to learn and the quality of data. This
paid work, rather than as a voluntary contribution with commitment. Therefore, scientists in
citizen science have to provide clear information about whether there is any form of
compensation and recognition planned in the project right at the start of the project. Equally,
other benefits (for example opportunity for learning) should be well articulated at the start of
a project.
We did not find “social” (socializing, social network, or social interaction) emerging as a
prominent motivational factor, a common factor reported in ICT-based CSPs (CarballoCárdenas & Tobi, 2016; Peachey et al., 2014). In CSPs, the interaction happens either physically
(mostly in non ICT-based CSPs) through workshops and meetings, or virtually (in ICT-based
CSPs) through forums, blogs, and chats’ groups. Although “social” motivation is salient,
however, some ICT-based CSPs also reported this to be the least motivational factor (Cox et
al., 2018; Domroese & Johnson, 2017; Land-Zandstra et al., 2016). This may be due to that in
some CSPs, volunteers do not meet or interact very often, and they are interested in
understanding (learning new things) and value (contribution to health and environment).
The variations observed in motivational factors over time, among age and among gender
groups, deserve further consideration in CSPs. Some CSPs are conducted for a certain period
of time or target a particular group of people, for example, a FeederWatch project by Martin
and Greig (2019) only target young adults. Other CSPs experience a high attrition rate
throughout different stages of participation (Jordan et al., 2017; Worthington et al., 2012).
Equally, Brouwer and Hessels (2019) also revealed a high dropout among younger volunteers,
and these had a lower willingness to participate in future related projects. In the current
project, drop-out was rarely observed, as there was a high participation rate throughout the
study period, and only perceived reasons to stop could be explored.
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The high participation rate observed in this study may be the result of the co-design process
used prior to the implementation of the program, and monthly feedback provided (Asingizwe,
et al., 2019). These findings indicate that special attention should be given to the motivational
factors for each group to prevent loss of interest, keep all motivated, and retain them in the
project. Thus, it is important for other CSPs especially those that experienced a high dropout
rate or used different design approaches, to assess the relationship between these
motivational factors and dropout.

Strengths, limitations, and future research
This study explored the motivational factors at different stages of participation and provided
explanations for the increase or attrition of participation in a CSP over time. These results may
inform future CSPs on what to focus on at each stage of participation which may, in turn,
increase the retention of volunteers on the one hand, and increase the quality and quantity
of citizen science data on the other. Therefore, these findings merit consideration during the
design and implementation processes of CSPs. The comparisons of motivational factors made
among age and gender groups inform future CSPs on which group of people to reach out and
how to motivate them at different points in time. The variations reported among age and
gender groups can be further tested through quantitative surveys with volunteers in the
citizen science program.
Although a small number of volunteers also belong to other groups that are well known in the
community (for example community health workers), having this project in the area with some
previous research projects brought some ideas that may be different when a similar project is
implemented in a different setting. For example in this study, volunteers indicated a need for
T-shirts. This idea could have been the result of observing other groups in the community (for
example community malaria action teams) wearing T-shirts of that particular project.
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The reported barriers to get and stay involved indicate that information about a citizen science
opportunity, a detailed description of the recruitment process, as well as the requirements to
participate should be clearly communicated before the recruitment of volunteers. In addition,
as people reported the trap to catch less or not be able to catch mosquitoes at all, further
studies may explore possibilities to compare the collection of mosquitoes using different types
of traps versus using eyes and hands; and determine volunteers’ preferences and acceptance
the ingredients (water, sugar, and yeast) rather they prefer to use hands. This means that
some resources (sugar and yeast) may be wasted when the volunteers may take them but
never use them, or use them for other purposes.

Conclusion
This study explored the motivational factors and barriers at different points in the lifetime of
a citizen science program on malaria control. At the initial stage, people participated in the
CSP because of curiosity, interest to learn new things, helping researchers, and willingness to
contribute to malaria control. After the volunteers submitted observations, other motivational
factors came into play for maintaining their participation and these include ease of use of
materials to report observations, the usefulness of the project, and recognition. Lack of time
and information about the recruitment process were reported as barriers to getting involved.
Volunteers reported some challenges while participating in the CSP and these included
perceived low efficacy of the trap, difficulties in collecting observations which put pressure on
them, and challenges related to changing the batteries of the torches during the night. The
findings revealed that curiosity and desire to learn new things were more prominent among
young people and women, while contributing to malaria control were dominant among adults
and men. This implies that in a CSP, target groups require different recruitment and retention
strategies. Thus, future CSPs should consider using different communication channels and
strategies at different stages of participation to maximize the recruitment, participation, and
retention of volunteers. The desire to contribute to malaria control, both in initial and later
stages, is promising. Therefore, as participants were willing to participate for a long period of
time, the reported motivational factors need to be considered to retain volunteers in CSPs.
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The presented motivational framework may be used to explore motivations and barriers in
other CSPs.
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Abstract
Malaria control remains a challenge globally and in malaria-endemic countries in particular. In
Rwanda, a citizen science program has been set up to improve malaria control. Citizens are
involved in collecting mosquito species and reporting mosquito nuisance. This study assessed
what community members benefit from such a citizen science program. We analysed how the
citizen science program influenced perceptions and behaviour related to malaria control. This
study employed a mixed-methods approach using dissemination workshops, a survey, and
village meetings as the main data collection methods. Dissemination workshops and village
meetings involved 112 volunteers of the citizen science program and were conducted to
explore: 1) the benefits of being involved in the program and 2) different ways used to share
malaria-related information to non-volunteers. The survey involved 328 people (110
volunteers and 218 non-volunteers) and was used to compare differences in malaria-related
perceptions and behaviour over time (between 2017 and 2019), as well as between volunteers
and non-volunteers. Malaria-related perceptions and behaviour changed significantly over
time (between 2017 and 2019) and became favourable to malaria control. When the findings
were compared between volunteers and non-volunteers, for perceptions, only perceived selfefficacy showed a significant difference between these two groups. However, volunteers
showed significantly more social interaction, participation in malaria-related activities at the
community level, and Indoor Residual Spraying (IRS) acceptance. In addition, both volunteers
and non-volunteers reported to have gained knowledge and skills about the use of malaria
control measures in general, and mosquito species in particular among volunteers. The
reported knowledge and skills gained among non-volunteers indicate a diffusion of the citizen
science program-related information in the community. Thus, the citizen science program has
the potential to provide individual and collective benefits to volunteers and society at large.
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Introduction
Despite major efforts to control the disease, malaria is still a severe health concern worldwide
and particularly in Africa (WHO, 2018). In Rwanda, malaria remains a burden where its
prevalence is 7% in the general population and even higher (11%) among children aged
between five to fourteen years (MOH, 2017b). Furthermore, this prevalence rises to 17% in
the general population in the Eastern province which is considered a malaria-endemic area
countries, including Rwanda, hinder the progress towards malaria elimination.
The levels of investment in malaria control, access to, and acceptance of malaria control
measures are still inadequate (WHO, 2018). For example, a malaria indicator report conducted
in Rwanda revealed that 72% of the visited households had access to Long-Lasting Insecticidal
Nets (LLINs), and only 64% slept under LLINs the night before the survey (MOH, 2017b). To
improve the uptake of malaria control measures, a comprehensive approach that operates at
local levels, and that engages affected community members is encouraged by the World
Health Organization (WHO, 2018, 2019). Furthermore, citizens’ engagement in malaria
prevention activities has been proposed to improve the consistent use of malaria control
measures (Asingizwe et al., 2019). However, how and to what extent such engagement may
affect malaria-related perception and behaviour is still underexplored.
Citizen science, defined here as the engagement of citizens in scientific research, has been
implemented in different disciplines (Beza et al., 2017; Jordan et al., 2017; Kampen et al., 2015;
Worthington et al., 2012). Especially in the field of biology, many citizen science projects have
been established (Follett & Strezov, 2015). In the context of the research program
Environmental Virtual Observatories for Connective Action (EVOCA) (Cieslik et al., 2018), with
the ultimate goal of malaria control through improving the consistent use of malaria control
measures, a Citizen Science Program (CSP) for malaria control in Rwanda’s Ruhuha sector was
set up (Asingizwe et al., 2019). This CSP for malaria control sought to increase insight into the
spatial and temporal variation in (malaria) mosquito populations, mosquito nuisance, and
confirmed malaria cases, in a rural area where this type of information was not readily
available. Volunteers were asked to report these variables. This CSP was co-designed with
citizens through participatory design workshops conducted in August 2018 (Asingizwe et al.,
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2019). Throughout reporting of citizen science data, monthly feedback through Short Message
Service (SMS) and quarterly dissemination workshops were provided to the volunteers
(Asingizwe et al., 2019).
Citizen science has the potential to generate large quantities of data and engage citizens to
better address and respond to complex environmental and societal issues, thereby enhancing
the health and wellbeing of the population (Den Broeder et al., 2017; Van Brussel & Huyse,
2019). This engagement improves citizens’ knowledge, as well as perceptions and behaviour
(Den Broeder et al., 2017). As volunteers continue their participation in citizen science, they
may expand their social networks (Bremer et al., 2019; Jordan et al., 2012). The network can
either be within the volunteer group or beyond and thus may involve non-volunteers (those
who do not submit citizen science data). Through the interaction between volunteers and nonvolunteers, the impact of a citizen science project can be transferred and diffuse to other
community members (Haywood et al., 2016; Roetman et al., 2018). The non-volunteers can
be influenced by activities of the project (including the feedback or results provided by
scientists) (Hollow et al., 2015; Roetman et al., 2018), or by the discussion and interaction
initiated by the volunteers (Roetman et al., 2018). Interaction and sharing of experiences from
participation can increase social capital (here referred to as fostering the network of
community members to improve malaria control) (Bremer et al., 2019). Meeting and
interacting with other community members can increase openness and trust as well (Bremer
et al., 2019; Den Broeder et al., 2017).
Despite its potential, there is a lack of evidence for the impact of engaging community
members in a citizen science program on both volunteers and non-volunteers, and to what
extent and how it stimulates the consistent use of malaria control measures and participation
in malaria control activities. Particularly, it is unclear to what extent malaria-related
perceptions and behaviour change over time, and how they differ between those who directly
contribute to the citizen science data and those who do not. To address this gap, this chapter
intends to explore the effect of the CSP for malaria control in Rwanda as a case study. The
following three research questions were investigated: (1) What factors could explain the
changes in individual perceptions and malaria-related behaviour over time? (2) What factors
could explain the differences and similarities in perceptions and malaria-related behaviour
between volunteers and non-volunteers? (3) How do volunteers and non-volunteers benefit
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from a citizen science program? The answers to these questions are important to guide the
design and implementation of future CSPs and inform policymakers why citizens’ engagement
in malaria control activities is vital for malaria elimination.
An integrated model of determinants of malaria preventive behaviour was used (Asingizwe et
al., 2018). This model proposes that engagement in CSPs influences individual perceptions,
social capital, and both individual and collective action (Figure 6.1). Volunteers interact and
share malaria-related information to non-volunteers, in turn, the impact diffuses to nonand non-volunteers in the neighbourhood or the community, and collective action refers to
participation in malaria control activities at the community level.

Figure 6.1: Effect of a citizen science program among volunteers and non-volunteers at both
individual and community levels. Interaction refers to sharing information between
volunteers and non-volunteers, while diffusion indicates the spreading of individual and
collections actions.
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Methodology
Study setting and project description
This study was situated in the Ruhuha sector of the Bugesera district in the eastern province
of Rwanda as this region carries a high malaria prevalence relative to other provinces. Ruhuha
was also selected for the implementation of this CSP because it is a location that does not have
a sentinel malaria mosquito surveillance site implemented by the National Malaria Control
Program (NMCP) of Rwanda. The details of the recruitment and design of the program are
included in chapter 4. The CSP was implemented to provide data on mosquito density,
mosquito nuisance, and malaria cases, to complement the ongoing active surveillance in 12
sentinel sites in the country, and may help NMCP to plan and implement targeted malaria
control interventions.
Study design and population
In this study, a pre- and post-intervention design with mixed methods was used. All volunteers
(112) (see reference in chapter 4 on how these were selected ) (Asingizwe et al., 2019) that
participated in the citizen science program were invited to attend two dissemination
workshops. Almost all (108 in the first, and 112 in the second workshop) attended. Five village
meetings were scheduled and were attended by the respective volunteers. These meetings
were held in the villages where volunteers usually meet in case they have a meeting.
Two comparisons were made (Figure 6.2). The first comparison involved changes in malariarelated perceptions and behaviour over time (between 2017 and 2019). A list of people
included in the baseline survey conducted in 2017 (Asingizwe et al., 2019) was used to select
the respondents in the end-line survey. Among 150 participants that were involved in the
baseline survey in the study area (Asingizwe et al., 2019), 97 were also available during the
end-line data collection, hence they were included. In addition, a comparable group (double
of volunteers) of non-volunteers was randomly selected to reach the sample size of 328. The
second comparison was done between volunteers and non-volunteers and involved 328
randomly selected participants. These included 110 volunteers and 218 non-volunteers so that
we could assess the benefits of the CSP among volunteers and non-volunteers.
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Figure 6.2: Study population and comparisons that were conducted. The first comparison
indicates a pre-post, while the second one is between volunteers and non-volunteers

Data collection and study instruments
The data were collected with different methods (dissemination workshops, a survey, and
village meetings) in three main steps (Figure 6.3).
Step 1: first dissemination workshop
Four months after the start of the CSP, a first dissemination workshop was conducted to share
the information about what volunteers reported. Four months were chosen based on the
agreement and the decision taken during the design phase (see chapter 4) (Asingizwe, et al.,
2019). Group discussions were held to indicate the benefits of being involved in the program,
what volunteers have learned, and what they have gained through the participation process.
To collect this information, a group discussion guide was used.
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Figure 6.3: Different data collection methods used and how they follow each other
Step 2: end-line survey and village meetings
The second step involved both a survey and five village meetings. The end-line survey was
used to compare with the baseline survey (Asingizwe, et al., 2019) and to get information
about the benefits of participating in the program. For case-matched pre- and postintervention comparison, the same questions that were asked in the baseline survey
(Asingizwe, et al., 2019) were repeated in the end-line survey. The main variables included
individual perceptions which were measured using a 5 point Likert scale. Individual
perceptions included perceived severity (measured with eight statements), perceived
susceptibility (measured with seven statements), perceived self-efficacy (measured with
seven statements), perceived response efficacy (measured with six statements), perceived
barriers (measured with eight statements), norms (measured with nine statements), and
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behavioural intentions (measured with seven statements). Furthermore, malaria-related
behaviour (use of LLINs, Indoor Residual Spraying (IRS), social interaction, and collective
action) were measured by one statement each. Based on the outcomes of the first
dissemination workshop, closed-ended questions related to the benefits of the CSP were
added to the survey questionnaire as well.
Five village meetings were held with volunteers in their villages to discuss the collective action
that they may have started and to explore how volunteers share the malaria-related
collective action, and another one about sharing malaria information with non-volunteers.
They were conducted on the last day of the visit for survey data collection in each village. The
main reason to conduct these meetings on the last day was to get insights on the awareness
of the program among non-volunteers. This was received through debriefing sessions with the
research assistants at the end of each day.
Step 3: second dissemination workshop
The third step involved a second dissemination workshop. It aimed to complement the
information about the benefits of being involved in the program. These included what they
have learned, and what they have gained through participation. In addition, the main
questions about how volunteers share the malaria-related information to non-volunteers, and
what collective action they have initiated as a group, were again discussed in the workshop
for validation and sharing of information among all volunteers. The structure of the second
workshop was a bit different from the first dissemination workshop in such a way that the
discussion groups were mixed (volunteers from different villages). Researchers had to make
sure that each village was represented in each group. This was done to ensure that participants
could share information with others from different villages. Indeed, this helped the
researchers to compare and validate the information shared during village meetings.
Data analysis
The quantitative data were analysed using SPSS version 25. Composite scores were computed
for each variable by calculating the average score for each variable per individual. Nonparametric tests were used for comparisons because the data were not normally distributed.
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Wilcoxon (matched-pair) signed-rank test was performed to examine the changes in individual
perceptions between paired observations (between 2017 and 2019). Furthermore, as the use
of malaria-related measures (LLINs and IRS) was measured with one statement each, these
were considered as ordinal variables, hence marginal homogeneity tests were used to
compare the matched observations (between 2017 and 2019) for these variables.
Further, the Mann Whitney U test was performed to assess the differences in individual
perceptions between volunteers and non-volunteers. In addition, behaviour-related variables
were compared using a chi-square test because they were measured with one statement each.
Qualitative data were analysed manually to support the quantitative data by providing insight
into the underlying reasons for the differences and similarities observed for both individual
perceptions and malaria-related behaviour.

Results
The results are presented in three sections. The first presents the demographic characteristics
of the study participants. The second section reports on the changes in malaria-related
perceptions and behaviour between 2017 and 2019. In addition, it includes factors that may
explain the observed changes. Finally, the third section presents information about the
differences and similarities between volunteers and non-volunteers. It also elaborates on the
benefits of the CSP for malaria control.
Participants’ characteristics
Table 6.1 shows that of the 328 study participants 56.4% were female. Half of the participants
had either no education or partial primary school. 57% of the participants were married and
most of the participants were farmers (82.3%). The average age of the respondents was 44.1
years (SD = 13.6).
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Variable
Gender

Education level

Marital status

Main occupation

Age

Categories
Male
Female
None
Partial primary
Primary
Partial secondary
Secondary
University
Single
Married
Cohabited
Divorced
Widow
Farmer
Public servant
Self-employed
Private Officer
Student
Unemployed
Mean (±SD)

Frequency Percentage
143
43.6
185
56.4
78
23.8
97
29.6
99
30.2
29
8.8
20
6.1
5
1.5
16
4.9
187
57.0
56
17.1
18
5.5
51
15.5
270
82.3
7
2.1
27
8.2
4
1.2
1
0.3
19
5.8
44.1
(±13.6)

Change in malaria-related perceptions and behaviour between 2017 and 2019
The results presented in Table 6.2 indicated that there were statistically significant changes in
perceived susceptibility, perceived self-efficacy, perceived response efficacy, norms,
behavioural intentions, and malaria-related behaviour (use of LLINs and IRS acceptance)
between 2017 and 2019. There was also a significant decrease in perceived barriers. Perceived
severity did not change.
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Table 6.2: Changes in malaria-related perceptions and behaviour between 2017 and 2019
(97 paired observations). Wilcoxon (matched-pair) signed-rank test was used for others
while marginal homogeneity tests were performed for Bed net use and IRS acceptance).
Mean
2017
2019
4.3
4.4
3.0
3.5
4.3
4.6
3.3
4.4
2.9
3.7
2.4
1.5
4.5
4.7
4.0
4.8
4.6
4.9

Variables
Perceived severity
Perceived susceptibility
Perceived self-efficacy
Perceived response efficacy
Norms
Perceived barriers
Behavioural intentions
LLINs use
IRS acceptance

P-value
0.609
<0.001
<0.001
<0.001
<0.001
<0.001
0.001
0.017
0.005

We asked the participants whether they noticed any change in their use and acceptance of
malaria control measures between 2017 and 2019. In line with the results presented in Table
2, 22% of the participants indicated that they changed the frequency of using bed nets and
51% reported change in IRS acceptance. Regarding the direction of change, among those who
reported a change in bed net use and IRS acceptance, 56%, and 95% indicated that the use
and acceptance of bed nets and IRS acceptance had increased, respectively (Table 6.3).
Table 6.3: Change in bed net usage and IRS acceptance
Variables

Change in frequency of bed net use

Change in IRS acceptance

Categories
Yes
No
Total
Increased
Decreased
Total
Yes
No
Total
Increased
Decreased
Total
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Frequency
50
173
223
28
22
50
166
161
327
158
8
166

Percentage
22
78
100
56
44
100
51
49
100
95
5
100
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Factors explaining the differences observed over time
To interpret the quantitative results presented in Tables 6.2 and 6.3, some additional
qualitative analyses were conducted. Participants who increased the frequency of bed net use
reported to do so because of increased knowledge and awareness about malaria-related
benefits of using bed nets, as it prevents people to be in contact with mosquitoes which cause
malaria. This indicates the improvement in perceived response efficacy. One participant
mentioned: “I have increased the frequency of sleeping under a bed net because the bed net
participant stated: “Because of the workshops and information about malaria that I received,
I am now using the bed net every night”.
For those who mentioned that they have decreased the frequency of sleeping under a bed
net, the main reasons highlighted were the perceived decrease of mosquito density, being in
a dry season (at the time of data collection), and discomfort (feeling too hot) when sleeping
under a bed net. Some respondents said: “I have decreased the frequency of sleeping under a
bed net because the mosquitoes also have reduced these days.” Another indicated: “I have
decreased the frequency because now we are in a dry season.” In relation to discomfort, one
mentioned: “I have decreased the frequency because sometimes it makes me feel too hot.”
For those who reported no change in frequency of bed net use, most of them indicated that
they have been sleeping under a bed net consistently because they want to prevent malaria,
or they fear to get malaria, therefore the frequency of using bed nets remained the same. One
participant said: “To me, the frequency of sleeping under a bed net was not changed because
I have been using it every night so as to prevent malaria.” Another mentioned, “I have been
sleeping under the bed net every night because I am afraid of getting malaria.”
Regarding IRS, most of the respondents indicated an increase in acceptance because they
became aware and realized that the current insecticide is more effective than what they used
to spray. One mentioned: “the current insecticide is more powerful than the previous one that
they used to spray in our houses”.
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Individual perceptions and behaviour between volunteers and non-volunteers
A comparison of individual perceptions and malaria-related behaviour between volunteers
and non-volunteers was conducted. Table 6.4 indicates that except for perceived self-efficacy,
no statistically significant differences in other individual perceptions could be found between
these two groups. However, significant differences were observed in social interaction
(discussion about malaria in the community, talking to neighbours about malaria and its
control), collective action (participating in malaria-related activities at the community level)
the use of LLINs, and IRS acceptance.
Table 6.4: Differences in individual perceptions and malaria-related behaviour between 110
volunteers and 218 non-volunteers. Mann Whitney U test for individual perceptions (first
seven variables) and chi-square test for behaviour (last five variables). The mean reported
is a mean score at a 5-point Likert Scale based on six-nine statements.

Perceived severity
Perceived susceptibility
Perceived self-efficacy
Perceived response efficacy
Norms
Perceived barriers
Behavioural intentions
Discussing about malaria in the
community
Talking to neighbours about malaria and
its control
Participating in malaria related activities
(social/community work)
Frequency of using LLINs

4.4
3.4
4.7
4.4
3.8
1.5
4.8

Non Volunteers
Mean
4.4
3.5
4.6
4.4
3.7
1.5
4.8

2.9

2.3

<0.001

2.9

2.3

<0.001

3.1

2.0

<0.001

4.5

4.7

<0.001

IRS acceptance

4.9

4.7

<0 .001

Variables

Volunteers

P value
0.779
0.302
0.028
0.960
0.152
0.114
0.364

Benefits of the citizen science program among volunteers and non-volunteers
The quantitative results presented in Table 6.4 are supported by the qualitative data collected
among volunteers. These data were collected during village meetings and the second
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dissemination workshop with volunteers. During village meetings, information about how
they share malaria-related information with non-volunteers was discussed.
In some villages, volunteers started some actions that made the project’s activities visible. For
example, in the village of Busasamana, volunteers decided to divide themselves into small
groups to conduct visits to the homes of non-volunteers to explain what activities they were
doing and to mobilize them for malaria preventive measures. In one village meeting, one
volunteer said: “We have formed small groups and went into households of non-volunteers to
and we demonstrated what we do as volunteers, what they can do to control mosquitoes, and
we mobilized them to use malaria control measures in general”.
The active sharing of information with non-volunteers was also mentioned in the second
dissemination workshop, in relation to the question asked during group discussions “How do
you share/communicate malaria-related information among non-volunteers in the village”? In
response to this question, one group mentioned: “When there is a village meeting, we take
some time and talk about malaria to inform those who are not volunteers; we occasionally go
in their households and mobilize them about malaria prevention. In addition, we sometimes
collect mosquitoes in their homes so that they can be aware of what we are doing because
some of them ask us to set the trap in their houses”.
Apart from what volunteers mentioned about sharing the information with non-volunteers,
the latter also confirmed this in the end-line survey as reported in the following section. This
reports the source of information about the program, what they learned and gained, as well
as indicating their willingness to participate in the program.
Perceptions related to the presence of the citizen science program in the community
Table 6.5 shows that 88% of non-volunteers already knew this program by the time the survey
was conducted, and 45% had at least some information about the program. Among those who
had information about the program, a substantial proportion (73%) received this information
from the volunteers. Generally, the majority of both volunteers and non-volunteers judged
the program as very good (68% vs 33%) or good (32% vs 52%) respectively.
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Table 6.5: Perception of citizen science program among 110 volunteers and 218 nonvolunteers
Variables
Heard about the citizen
science initiative in this area

Informed about the citizen
science program

Source of information
Having a citizen science
program in the area near
your home (volunteers)
Having a citizen science
program in the area near
your home (non-volunteers)
The extent of learning from
this citizen science program
(volunteers)

The extent of learning from
this citizen science program
(non-volunteers)

Categories
No
Yes
Total
Not informed at all
Not informed
Somewhat informed
Well informed
Very well informed
Total
Workshop
Volunteer
Collected mosquitoes in my
house
Total
Good
Very good
Total
Bad
Not good and not bad
Good
Very good
Total
Moderate
Much
Very much
Total
Nothing
Little
Moderate
Much
Very much
Total

Frequency Percentage
27
12
191
88
218
100
120
55
37
17
44
20
15
7
2
1
218
100
5
5
72
73
21
21
98
35
75
110
5
28
113
72
218
13
61
36
110
133
54
22
8
1
218

100
32
68
100
2
13
52
33
100
12
55
33
100
61
25
10
3.5
0.5
100

Learning and gaining from the citizen science program
The analysis of what learned and gained was limited to those who heard about the initiative
and at least have learned something (from little to very much, i.e. 110 volunteers and 85 nonvolunteers see Table 6.5). Figure 6.4 indicates that both volunteers and non-volunteers
learned some topics from the citizen science program. Volunteers learned more about
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collecting mosquitoes (92%) and different mosquito species (64%), while non-volunteers
learned more about the use of malaria preventive and control measures (44%).
100
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80

Collect mosquitoes
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Use of malaria prevention and
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Figure 6.4: Proportions of volunteers and non-volunteers reporting about what they
learned since they had the CSP in the area near their homes (N volunteers = 110; N non-volunteers
= 85).
As indicated by Figure 6.5, both volunteers and non-volunteers gained knowledge and skills.
Additionally, volunteers expanded their social network and gained opportunities for
collaboration with peers and researchers.
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Figure 6.5: Proportions of volunteers and non-volunteers reporting on what people gained
as a result of the CSP (Nvolunteers = 110; Nnon-volunteers = 85).

165

Chapter 6
Willingness to join/continue participate in the citizen science program
Figure 6.6 indicates that all volunteers were willing to continue participate in the project even
after the completion of the research, and a large proportion (75%) of non-volunteers wished

Extent of willingness (NonVolunteers)

Very much

Willing to
Willing to
get
continue involved
Extent of
(Volunteer (Nonwillingness
)
Volunteer) (Volunteers)

to join the project as well.

Very much

43

Much

47

Moderate

9

Slight

1

60

Much

37

Moderate

3

Yes

74

No

26

Yes

100
0

10

20

30

40

50

60

70

80

90

100

Percentage

Figure 6.6: Proportions of volunteers and non-volunteers reporting their willingness to
participate in the CSP

Discussion
This study provided quantitative and qualitative insight in the impact of the CSP for malaria
control that was conducted in Rwanda. Specifically, it determined the changes in individual
perceptions and malaria-related behaviour over time, identified the differences and
similarities in perceptions and malaria-related behaviour between volunteers and nonvolunteers of a CSP, and explored the reported benefits of the program.
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Change in perceptions and behaviour
Generally, the research findings indicate that participation in the CSP for malaria control
influenced both individual perceptions and malaria-related behaviour among volunteers and
non-volunteers. Malaria related perceptions and behaviour increased significantly over time
(between 2017 and 2019). When the results were compared between volunteers and nonvolunteers, no significant differences in individual perceptions between these two groups
could be found. However, significant differences were observed in social interaction,
related behaviour observed among volunteers in this study corroborate with the literature
that indicates that the more people engage in citizen science, the greater the impact on their
behaviour (Hollow et al., 2015; Roetman et al., 2018). For example, Roetman et al. (2018)
found that through participation in a pets’ related CSP, volunteers who were engaged in the
management of their cats reported to change their behaviour and kept their cats indoors more
often. Equally, a health promotion related to CSP conducted in The Netherlands also reported
intentions and actual changes in lifestyle behaviour among citizen scientists (Den Broeder et
al., 2017).
As a result of participation in CSP, the volunteers have played a large role in the transfer of the
malaria-related information to non-volunteers, and this resulted in similarities in individual
perceptions reported in this study. The non-volunteers could learn from and be influenced by
citizen science projects in many ways (Hollow et al., 2015; Roetman et al., 2018). For example,
the non-volunteers in the Cat Tracker citizen science project reported changes in attitudes
(Roetman et al., 2018). These changes may be a result of following the project as observers,
or interest the non-volunteers may have had in the feedback provided to volunteers by
scientists (Roetman et al., 2018). This sharing of information is analogous to what Rogers
(1983) coined “diffusion”, a process by which an innovation (for example CSP for malaria
control) is communicated among members of a social system over time using different
channels to reach a common understanding (Rogers, 1983).
As reported in this study, some volunteers planned home visits and meetings at the village
level with non-volunteers and explained the project’s activities. In turn, this might have
influenced the changes in perceptions and behaviour reported in this study.
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In line with this, sharing generally positive feedback about the goals and benefits of the project
to the wider community by the citizen scientists, and direct discussion about the project with
non-volunteers have been reported in citizen science literature (Haywood et al., 2016; Jordan
et al., 2011; Roetman et al., 2018). In line with sharing what volunteers learned from citizen
science, Bremer et al. (2019) found that some volunteers reported sharing what they learned
in the project with students and colleagues (Bremer et al., 2019). In turn, this may play a large
role in the change of attitudes among non-volunteers, and stimulate willingness to participate
in other citizen science projects’ activities, or even in other projects (Roetman et al., 2018).
Through discussion and interaction in the community, collective efforts can be made to solve
common problems (malaria burden in this case), hence improve the health and wellbeing of
the community. In this study, by initiating the discussion about malaria and related control
measures, volunteers felt concerned about malaria and felt that the discussion can be the first
step towards collective efforts in controlling malaria.
Apart from the discussion about malaria-related activities with neighbours, or with community
members in general, other organizational activities have been observed. For example, in this
project, volunteers in one village decided to form a cooperative which would facilitate them
to meet more often and discuss about malaria and its control. To encourage this, in the
cooperative, they decided to contribute a monthly fee and they could rotate among
themselves by either buying a domestic animal for each member on a monthly basis or in case
a person is not interested in buying domestic animals, then, they could give him/her money
to accommodate the needs. In the latter, other members could make sure that the money will
not be misused. This indicated that participation in this CSP for malaria control may not only
be related to malaria control but may also induce other financial gains. When time continues,
there is no hesitation that this may also be open to non-volunteers who might be interested.
Similarly, in other CSPs, some additional activities, and interesting cases were reported. For
example in a cat tracker CSP conducted in South Australia (Roetman et al., 2018), one
volunteer engaged neighbours to volunteer their pets for tracking and organized different
meetings to discuss the results. Beyond the discussion, the same author added that the
volunteer had more curiosity related to animal behaviour and returned to school to study the
related subject (Roetman et al., 2018).
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Participation in malaria-related activities, social and community work (for example to clear
mosquito breeding sites) was higher among volunteers. In the same way, an increase of
participation in conservation activities, more engagement in CSP-related activities, as well as
joining other projects at national and regional levels have been reported in a CSP on coastal
observation and seabird survey conducted in South Australia (Haywood et al., 2016). Joining
other invasive plant removal projects and changes in planting habits have been also reported
by volunteers in a CSP related to the ecology of invasive plants (Jordan et al., 2011).

6

Learning in a citizen science program
In the present study, both volunteers and non-volunteers reported that they have learned
about how to collect mosquitoes, identify different mosquito species, and use malaria control
measures. Consistently, learning new things and awareness raising especially about the object
of study has been reported by many researchers in CSPs (Brouwer & Hessels, 2019; Dem et
al., 2018; Haywood et al., 2016; Hollow et al., 2015; Toomey & Domroese, 2013). For example,
a CSP conducted in the north of the Philippines about ecosystem functions reported an
increase in awareness about different species that they were collecting (Dem et al., 2018).
Likewise, Den Broeder et al. (2017) also reported an increase in social skills and self-confidence
in talking and discussing with non-volunteers about health-related topics such as healthy
lifestyle and health promotion activities. The reported knowledge and skills gained in the
current study may be helpful as the citizens reported the lack of information about mosquitoes
during the design phase of the project (Asingizwe et al., 2019), and were interested in
discussing control of mosquito breeding sites (Asingizwe et al., 2019). Thus, the knowledge
and skills gained may help them in the control of mosquito breeding sites in the area.
Apart from the knowledge and skills gained among both groups, volunteers also reported
having expanded their social network, and opportunities for collaboration. By participating in
citizen science, volunteers meet new people, interact with them and become friends with
several people in volunteers’ groups, neighbourhood, and beyond (Bremer et al., 2019; Den
Broeder et al., 2017). For example, in a CSP on climate adaptation conducted in Bangladesh
volunteers created a network (which they referred to as a family) that helped them to interact
regularly outside of the project’s meetings (Bremer et al., 2019).
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These social networks and interactions often enhance trust and social cohesion among people
in the community (Bremer et al., 2019; Den Broeder et al., 2017).
Willingness to become involved or continue participating in the citizen science program
Willingness to become involved, or continue participating in the program was assessed and
the majority (100% of volunteers and 75% of non-volunteers) indicated that they were. In the
evaluation of citizen science projects, other researchers also assessed the willingness to
participate in a new project. For example, in their study about koala management, Hollow et
al. (2015) revealed that 91% of the volunteers, 54% of those who heard about the project, and
29% of those who are not informed about the project were willing to participate in another
koala related project. In the same line, in a water quality citizen science project, Brouwer and
Hessels (2019) also revealed a high level (90%) of willingness to participate in future studies
related to water quality measurements. The high level of willingness reported in the present
study may reveal the concern of the citizens about the malaria burden, and probably their
interest for participation in related scientific research.
Implications of the findings to the citizen science practice
When implemented, CSPs may have different objectives (Brouwer & Hessels, 2019). Most of
the co-designed CSPs target scientific, societal, and political impacts. In this regard, an
integration of these elements at the start of the project, and establishing how they will be
assessed and achieved is key to realize the full potential of CSPs. Following the findings
reported in this study, some key elements related to societal impact merit attention and
inclusion in the citizen science evaluation framework. These include the nature of learning and
learning arrangements. The latter may be thoroughly planned before the implementation of
CSPs. This is because in most cases, CSPs are mainly considered as a tool to facilitate collection
of environmental data, and most scientists give priority to the quality and quantity of citizen
science data, but not to the educational part of the initiative. However, the educational aspect
of citizen science may influence the quantity and quality of data. Therefore, pairing ecological
data (scientific impact) and social data (societal impact) may provide tangible evidence to
policymakers for political impact.
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The benefits of citizen science to community members
While the effect of citizen science extends beyond those who are actively participating, many
CSPs only assess learning and consider this as the main outcome in citizen science (Crain et al.,
2014). This is mainly because of a lack of pre-determined criteria to be assessed throughout
the project’s period. This study provides evidence that CSPs offer other benefits including
environmental management at the community level. Therefore, researchers in citizen science
should explore the benefits of citizen science beyond volunteers at both individual and
collective levels.

(Cunha et al., 2017). This is to say that co-designed CSPs that are based on existing societal
problems (for example malaria in this case) or build upon a joint interest between researchers
and citizen scientists may lead to successful participation and achieve the educational goal
(Crain et al., 2014). This implies that the evaluation of CSPs should take into consideration the
nature of the project and the design used.

Strength, limitation and further research
Overall, the findings reported in this study merit consideration in future CSPs, as they
contribute to the design and implementation, as well as the sustainability of CSPs. For
example, the comparison made between volunteers and non-volunteers provides useful
information related to the educational and citizen engagement goals of the project.
Most of the respondents who reported change in perceptions and behaviour reported doing
so because they have acquired information related to the use of malaria control measures,
and this information may be partially attributed to the CSP for malaria control. The change of
perceptions and behaviour over time cannot be associated completely with the program
because quantification of the effect of the CSP on volunteers (pre-post interventions for the
volunteers only) was not done. However, given that there was no other malaria initiative in
the area during the study period, the substantial impact may be attributed to this CSP. Further
studies quantifying the impact of this program with a comparison of some community
members away from the study site (for example Busoro sector which was involved in the
baseline study (Asingizwe et al., 2019)) as a control group is desired.
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Finally, some studies have demonstrated that CSPs play a large role in the policy arena (Hollow
et al., 2015). This societal impact of the CSP for malaria control presented in this study provides
evidence that it is useful for decision-makers and policy development for malaria elimination.
Further studies that involve policy-makers are needed to determine their perceptions of the
program, and how it can complement the active surveillance of the national malaria control
program.

Conclusion
This study assessed the quantitative and qualitative impact of a CSP for malaria control. The
study offers empirical evidence of the extent to which and how a CSP changes perceptions and
improves the use of malaria control measures. From the research findings, we observed that
the individual perceptions in general and malaria-related behaviour changed significantly over
time (between 2017 and 2019), thereby becoming more favourable to malaria control. When
the results were compared between volunteers and non-volunteers, a significant difference
was observed only for the perceived self-efficacy. However, it was apparent that in general,
volunteers perform malaria-related behaviour more than non-volunteers. Volunteers and
non-volunteers reported gaining knowledge and skills about the use of malaria control
measures in general, and mosquito species in particular among volunteers. In fact, the use of
LLINs was more among non-volunteers than volunteers. Indeed this shows the diffusion of
CSP-related information in the community and gives promise that the non-volunteers may also
adopt other malaria-related behaviour similar to the volunteers. Thus, a CSP has potential not
only as a means of collecting a large amount of citizen science data, but also equally important,
as a means of engaging citizens in decision making and solving environmental and public
health problems.
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Introduction
This thesis investigated the factors that influence the consistent use of malaria control
measures. Through the design and implementation of a citizen science program, it also
explored the motivations and barriers to participate in the program. Finally, it evaluated the
effects of this program on malaria-related behaviour among volunteers and non-volunteers.
In this thesis, malaria prevention and control measures refer to three of the most important
control measures that are being used in Rwanda: long-lasting insecticidal nets (LLINs), indoor
residual spraying (IRS), and environmental management (i.e. control of mosquito breeding
sites).
This chapter aims to discuss the findings of the previous chapters of this thesis. It starts with
a summary of the findings to the specific research questions presented in the introduction
chapter of this thesis. After that, the main findings are discussed in relation to the overall
insights they bring to the field of citizen science and malaria control in particular. Key themes
include factors that influence malaria control, participation and retention of volunteers in
citizen science, benefits of a citizen science program, the role of information communication
and technology (ICT), the importance of including a social component in the design and
implementation of citizen science projects, and how to deal with social differences in citizen
science. Further, recommendations for improvement in malaria control, and better designing
and implementing citizen science projects are presented. Lastly, further research avenues in
the fields of citizen science and malaria control are proposed.

Summary of the main findings
Developing and testing an integrated model of determinants of malaria preventive and
control behaviour
To understand the determinants of malaria prevention and control behaviour, an important
component was to develop an integrated model to explain and relate different factors that
play a role in malaria control. These factors may also influence participation in a citizen science
program (Chapter 2). This model was based on an exploration of literature and integration of
three well-established theories, the Health Belief Model (HBM), the Theory of Planned
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Behaviour (TPB), and part of the Unified Theory of Acceptance and Use of Technology
(UTAUT). Chapter 2 indicated how malaria control is complex as it involves different
dimensions (ecological, institutional, and social-cultural). To tackle these dimensions and have
a successful malaria control program, an integrated model that includes both individual and

7

collective factors is presented (Figure 7.1.).

Figure 7.1: Overview of the integrated model used in this study and examples indicating how
concepts were operationalized. Boxes with solid lines represent individual factors while
boxes with dotted lines represent collective factors.
Using the integrated model of determinants of malaria prevention behaviour, Chapter 3
determined how community members perceive the risk of malaria and the effectiveness of
malaria preventive measures. It also tested to what extent individual perceptions influence
the intentions to use malaria preventive measures (LLINs, IRS, and control of mosquito
breeding sites). Finally, it explored strategies that stimulate the consistent use of these
measures. Individual perceptions refer to: perceived severity, perceived susceptibility,
perceived self-efficacy, perceived response efficacy, subjective norms, and perceived barriers.
High perceived severity of, and perceived susceptibility to malaria was reported. This was
mainly explained in terms of repetitive malaria episodes among the majority of the community
members and the perceived low effectiveness of malaria medication. Perceived response
efficacy and self-efficacy were also reported to be high due to the observed increase of malaria
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cases in the study area. This indicates that when malaria incidence increases, people get
worried about the consequences of malaria, and in turn, will think about the benefits of using
preventive measures and their ability to do so. Consequently, people may increase the use of
these measures. Although people were motivated to use LLINs, accept IRS, and participate in
the control of mosquito breeding sites, some barriers were reported that hinder the consistent
use of LLINs. These include lack of LLINs, discomfort, irritability, and presence of bed bugs.
Although a lack of LLINs was reported to impede the consistent use of LLINs, and availability
and accessibility of LLINs are potential factors of LLINs use, no significant evidence was found
that they alter the effect between intentions and consistent use of LLINs. This suggests that
the higher the intentions, the higher the consistent use of LLINs, while the number of LLINs
owned (whether enough or not) does not change this relationship.
Except for perceived susceptibility, other variables that include perceived severity, selfefficacy, response efficacy, norms, and barriers were statistically related to behavioural
intentions, and together these explained 50% of the variance in behavioural intentions
towards the consistent use of control measures. This indicates that there are other factors
that may explain parts of the remaining half. These include collective factors for example, the
organizational and leadership capacities needed to form groups or associations that
encourage malaria control activities, and/or engage in collective control of mosquito breeding
sites at the community level. Finally, access to LLINs and regular spraying activities, community
mobilization, and citizen engagement in malaria control activities were highlighted as
strategies to improve consistent use and acceptance of preventive and control measures.
Designing a citizen science program for malaria control in Rwanda
After exploring the need for citizen engagement, Chapter 4 focused on how citizens can be
engaged in the design of a citizen science program for malaria control (here referred to as CSP
for malaria control). The co-design of such a program involved both technical and social
components. The technical component included tools to collect and report the observations
(mosquito species, mosquito nuisance, and confirmed malaria cases). The social component
included recruitment of volunteers, strategies for collecting and/or reporting the
observations, and mechanisms for providing feedback.
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The findings revealed that among the tools (paper form, phone calls, and SMS text) to report
mosquito nuisance and confirmed malaria cases, participants preferred the paper form for
being less costly. For the collection of mosquitoes, they discussed the use of hands, buckets,
and a handmade trap. Participants preferred the handmade trap over the others in case the
ingredients (sugar and yeast) used as odour attractant are provided.
Chapter 4 showed that the participants decided on the organizational structure to report
observations by selecting their representatives, and indicated how feedback provision is
important in improving the quality of citizen science data, and their consistent use of malaria
preventive measures. Overall, this co-design process helped participants to decide whether to
context-specific knowledge and skills, and showed that implementing a CSP in a rural area and
with limited technology is feasible. Finally, the chapter reported a high willingness to join the
program. This indicates that a CSP for malaria control is likely to work best if the inputs and
insights from citizens are included in the design process.
Implementation of a citizen science program for malaria control in Rwanda
Chapter 5 explored the motivational factors and barriers to participate in the CSP for malaria
control through different stages of participation and different categories of people (young
adults vs adults; men vs women). The results indicated how motivations changed over time
(initial vs ongoing participation) as volunteers increased their skills and understanding related
to the program. For example, curiosity and a desire to learn new things were frequently
reported at the initial stage, whereas the usefulness of the program and recognition played a
role in the retention of volunteers. It was clear that a lack of information about the recruitment
process was the main barrier for getting involved, while the perceived low efficacy of the
mosquito trap was reported as a barrier for staying involved in the program. Comparing
motivational factors among age and gender groups gave a clear picture of how different
groups for example young adults vs adults and men vs women join a citizen science program
with different interests. An example of this difference is how young adults were more
motivated to join the project because of a desire to learn new things, while adults were more
motivated to participate in malaria control.

177

7

participate or not. The decisions made by the participants demonstrated that they have

Chapter 7
Considering these motivational factors, especially how they change over time and how they
differ among involved groups, is important to retain volunteers and optimize the full potential
of the program.
Chapter 6 investigated the changes in individual perceptions and malaria-related behaviours
over time (between 2017 and 2019), explored differences and similarities in perceptions and
malaria-related behaviour (both at the individual and collective levels) between volunteers
and non-volunteers, and identified what volunteers and non-volunteers benefit from a citizen
science program. The findings showed that individual perceptions in general and on malariarelated behaviour changed significantly over a two-year period. When the results about
individual perceptions were compared between volunteers and non-volunteers, except for
perceived self-efficacy, no other significant differences in individual perceptions between
these two groups were found. This showed the diffusion of information related to the program
among non-volunteers through horizontal networks, and this resulted in similarities in
individual perceptions. Statistically significant differences were observed among collective
factors (social interaction and participation in malaria-related activities) and IRS acceptance.
As both volunteers and non-volunteers reported gaining knowledge and skills about the use
of malaria control measures in general, and mosquito species in particular among volunteers,
this showed that the collective actions (for example increased participation in the clearing of
mosquito breeding sites at community level) may also be adopted by non-volunteers.

Discussion of the main findings
The discussion of the results focuses on cross-cutting issues that contribute to theoretical
debates towards an integrated approach to control malaria, and to the general literature
about citizen science practices. I start by elaborating on malaria control and how a balance
between factors at both individual and collective levels is essential to address the malaria
problem. Next, I focus on what this thesis contributes to the design and implementation of
citizen science projects by discussing the participation and retention of volunteers and the
social impact of a citizen science program. Then, I reflect on the role of ICT and the importance
of social processes in the design and implementation of citizen science programs. Lastly, I
discuss the social differences such as differences in preferences, understanding, and
motivations that can be observed in citizen science and how they may influence either the
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level of participation and/or the quality of citizen science data. Finally, possibilities for the
scalability of the citizen science program are also discussed.
A balance between individual and collective factors in malaria control
A large amount of literature has studied malaria control at the individual level and revealed
that individual factors (individual perceptions and behaviour) have played an important role
in malaria control (Babalola et al., 2018; Iyer et al., 2019). This is true because most of the
studies looked at one of the primary preventive measures, using LLINs, and taking this
measure is mostly considered an individual activity (Iyer et al., 2019). However, successful
approach that goes beyond the individual level. Globally, the World Health Organization has
encouraged malaria control interventions that are designed and implemented at the
community level (WHO, 2019). By using an integrated model of determinants of malaria
preventive and control behaviour, this thesis presented both individual and collective level
factors that influence malaria prevention and control (Chapter 2). By presenting this model,
this thesis concludes that both factors should be integrated in malaria control interventions.
Chapter 3 revealed that individual perceptions partially explain behavioural intentions
towards the consistent use of malaria prevention and control measures. This shows that
individual perceptions alone are not enough to target efforts to optimize malaria control.
Other factors need to be considered as well. Although participants indicated the non-use of
LLINs to be mainly associated with lack of access to LLINs, and earlier work also showed similar
results (Birhanu et al., 2015; Koenker et al., 2013), the quantitative findings indicated that
having enough LLINs or not does not affect the relationship between intentions and use of
LLINs (Chapter 3). These results add to earlier studies which showed that the consistent use
of LLINs is hindered more by behaviour failure than by inaccessibility (Birhanu et al., 2015;
Hetzel et al., 2012). Similarly, a study conducted by Obala et al. (2015) revealed that ownership
and accessibility of ITNs in a given household do not lower the odds of malaria unless they are
consistently used, and nearby breeding sites are cleared. The latter suggests that communitylevel interventions that focus on environmental management need to be implemented before
or together with the distribution of LLINs.
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This implies strengthening the required capacities of communities to form groups or clubs that
focus on mobilizing community members about malaria control activities (Ingabire et al.,
2016).
The high levels of perceived severity reported in Chapter 3 suggest that people are concerned
about malaria and may be willing to participate in the effort towards malaria control. In fact,
highlighting citizen engagement and community mobilization as strategies to enhance the
consistent use of malaria control measures supports the integrated model presented in
Chapter 2. Indeed, if citizens are involved in malaria control activities (for example clearing of
mosquito breeding sites), this increases awareness about malaria. Those who are engaged can
mobilize others, and in turn, this can improve the use of LLINs and acceptance of IRS. This is in
line with earlier work by Obala et al. (2015) who revealed that adherence to environmental
management of mosquito breeding sites may optimize the efficacy of ITNs.
Environmental management of mosquito breeding sites is particularly important because it
reduces mosquito density, hence prevents new cases of malaria. The reduction in mosquitoes
and mosquito larvae is key especially given the reported change in mosquito biting time, which
increases residual transmission (Sherrard-Smith et al., 2019). This change in biting time
hinders the protective efficacy of LLINs, because people may stay out until late in the night or
wake up early in the morning (Iyer et al., 2019). Furthermore, some activities including
agriculture practices around homes may also increase the abundance of larval sites (Janko et
al., 2018; Obala et al., 2015). Therefore, if individuals are engaged in community actions, there
is a higher chance that breeding sites may be controlled.
The need for participation and retention of volunteers in citizen science
In citizen science, retention of volunteers is often identified as a critical issue (Crall et al., 2017;
Jordan et al., 2017; Worthington et al., 2012). However, in our case, we did not experience
problems with retention. Rather, we observed a high participation and retention rate. The
level of participation and retention highly depends on how volunteers are attracted to join the
project, and how their interests and motivations are considered and maintained throughout
the participation cycle. The reported high retention rate in our study may be attributed to five
main features: (1) the co-design used during the recruitment process, (2) the motivations to
contribute to malaria control, (3) the feedback provided to the volunteers, (4) the study area
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(Ruhuha) as a malaria research hub, and (5) the Rwandan context. These elements are
discussed in the next paragraphs.
The recruitment strategy is an important element in the decision to participate, as well as in
initial participation and retention of volunteers. Chapter 4 showed how the co-design
approach used in the recruitment of volunteers resulted in a high level of participation
throughout the period of the program. The results indicated that a co-design process is crucial
when addressing a societal problem. Community members have their own preferences, and
they are the ones to make decisions when their engagement in a certain program is needed
(Chapter 4). Contrary to this study, other recruitment strategies such as online campaigns used
(emails, press releases, face to face presentations, and social media) used in the WamSAT
project (Skelton et al., 2019) resulted in high initial participation but low retention rates,
because volunteers tend to participate in one round of collection after sensitization, after
which they do not return. Some earlier work indicated that high recruitment rates should be
considered in case of high dropout to replace those leaving the project (Crall et al., 2017).
However, recruitment requires resources, and replacing those who leave a project should not
be a target in CSPs to achieve projects’ goals, rather the priority should be to retain those who
are recruited.
Apart from a recruitment strategy, the motivation to participate also plays a key role in the
retention of volunteers and achievement of a CSP’s objectives (both collection of citizen
science data, and the educational goal). We found that consideration of the motivational
factors and barriers at each stage of participation is necessary to retain volunteers throughout
the period of the project (Chapter 5). Unlike other studies that explored motivations at one
single point in time (Domroese & Johnson, 2017; Raddick et al., 2013), Chapter 5 explored the
changes in motivational factors over time (initial vs ongoing phases of participation). The
results showed that curiosity, desire to learn new things, helping researchers, as well as
contributing to malaria control and general health motivated people to join the project and to
report the citizen science data. These findings largely agree with earlier work conducted in
ICT-based CSPs (Carballo-Cárdenas & Tobi, 2016; Cox et al., 2018), and contradict some others
which positioned egoism as a leading motivation for initial participation (Rotman et al., 2012).
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Generally, learning and contributing to a better health and a better environment were factors
that played a leading role in initial and ongoing phases of participation. These factors have
been also reported by Church et al. (2019). As a result of the perceived severity of malaria,
people believed that participation in citizen science could decrease their chance of getting
malaria by increasing the knowledge about control measures, and in turn, improving the
control of mosquito breeding sites in their home environment. Other program-related factors,
including ease of use of materials to report observations, the usefulness of the program, and
recognition, also played a role in the retention of volunteers (Chapter 5). This supports earlier
studies on the adoption of innovation which revealed that innovation is likely to be adopted
and implemented when it is easy to use and when people see the benefits associated with
participation as higher than those who are not participating (Panzano & Roth, 2006; Wisdom
et al., 2014). In our program, some volunteers believed that participation brings benefits
including an increase in using malaria control measures and being able to mobilize other
community members in their neighbourhood about malaria control.
The findings that feedback provision is one of the motivational factors to retain participants
in CSPs support earlier results by others (Crall et al., 2017, Wehn & Almomani, 2019). Regular
feedback and acknowledgment of volunteers’ contribution are necessary for retention, and
different forms of recognition have been reported in the current study including learning
opportunities and feedback provision (Chapters 4 and 5). In this regard, different
communication channels have been used in this study to give feedback (for example SMS text
and dissemination workshops) or interact with volunteers (for example meetings). This is
contrary to most online (ICT-based) CSPs which use blogs, group chats, and discussion forums
to communicate with volunteers. Although these ICT based communication channels are
better to reach many people within a short period of time, our citizen science program was
not suitable for these channels because of the limited usage of ICT based tools (for example
mobile phone) (Chapter 4). Therefore, the use of face to face workshops was preferred as a
channel to disseminate the citizen science data in addition to monthly feedback via SMS with
no cost implications for the receiver (volunteers’ representatives) of this SMS.
Channels of communication and messages to be shared are important and need to be
structured in different ways based on motivational factors among different groups of
volunteers (Chapter 5). CSPs need to develop a clear plan of communication strategies prior
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to the launch of a project, and these should be modified or updated based on motivational
factors at different stages of participation. This thesis indicates that the effort should be put
in retaining volunteers rather than regular recruitments, because highly motivated volunteers
also interact more with non-volunteers to communicate projects’ goals, and may also recruit
other participants. Once the project’s goals are diffused in the community, there is a high
chance of organizing and uptake of related community action.
In citizen science, some settings may not have a history of research and/or participants who
have some knowledge about scientific research. Chapters 4, 5, and 6 present the CSP on
malaria control, and how both volunteers and non-volunteers were willing to continue
who revealed that within a community, when people observe that other people are
participating in some activities, they consider it as a social norm, and this, in turn, motivate
them to join as well. Implementing this project in Ruhuha, which can be considered a malaria
research hub with some previous research projects, such as the Malaria Elimination Project in
Ruhuha (MEPR) (Ingabire et al., 2016), may have influenced the level of participation in the
current study. This is to say that Ruhuha may not be the most representative environment to
understand the complexity of a citizen science program. However, given that the majority of
volunteers were not participants of MEPR, the current findings may be broadly compared with
other CSPs conducted in settings with no access to previous groups of volunteers. Further, this
shows that in citizen science, a recruitment strategy (for example a co-design process in this
case), and addressing motivational factors may be more effective than a study setting.
Lastly, the socio-organizational structure of Rwanda and the socio-cultural dynamics of the
Rwandan population may have played a role in participation and retention. Strong social
commitment (for example how community members participate every last Saturday of the
month in community work called umuganda) and cultural values foster active participation in
community activities. This supports earlier work in innovation adoption which revealed that
socio-cultural factors can influence the adoption and implementation of innovation (Wisdom
et al., 2014). In Rwanda, the health system is structured in such a way that every village has
Community Health Workers (CHWs), who are volunteers and responsible for diagnosis and
treatment of several health issues at the community level (Condo et al., 2014; Ngabo et al.,
2012). The CHWs were put in place throughout the country in 2009 to reduce the gap in human
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resources for health, and since they are closely involved in community activities, they are
generally respected (Condo et al., 2014). Based on this respect and appreciation of their work
by their peers in the community, this can also stimulate and motivate other community
members to join other groups of volunteers.
Impact of the citizen science program
Citizen science projects result in three distinct outcomes: (1) generation of citizen science data
(scientific impact), (2) education of citizens about the subject under study to enhance learning,
behaviour change, and actions among volunteers and their broader network (societal impact),
and (3) transfer of the results into policy (political impact) (Van Brussel & Huyse, 2019).
Generally, all of these impacts have to be considered in the design phase because they
influence each other. Although the educational aspect of citizen science may play a vital role
in the quality and quantity of citizen science data, and in turn, these results can be considered
by policymakers (Van Brussel & Huyse, 2019), often, researchers ignore this aspect. Van
Brussel and Huyse (2019) consider scientific and political impacts to be the external value of
the citizen science as they deal with data generation and use of data for decision making, while
the societal impact is considered as the internal value as it improves literacy and perceptions,
builds social capital, and enhances behaviour change in the community. The internal value will
likely have much influence on the external value, and if the former is achieved, then, there is
also a high chance to achieve the latter as well.
Chapter 6 indicated that the benefits of the CSP expand beyond active participants
(volunteers) and impact the community at large through the diffusion of information to nonvolunteers. This diffusion happens when volunteers interact with other people (here called
non-volunteers) in the community, and share their experience related to participation in
citizen science, and mobilize them about malaria control measures. As a result, non-volunteers
also improved knowledge and skills, which in turn, will foster the adoption of malaria control
measures. These results support earlier citizen science studies which also revealed a diffusion
of knowledge in volunteers’ social networks (Bremer et al., 2019; Church et al., 2019). When
non-volunteers are aware of the program, there is a high chance of people willing to join the
project. Importantly, Chapter 6 showed that no differences in perceptions between volunteers
and non-volunteers, whereas changes in perceptions over time (between 2017 and 2019)
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were observed. This may explain how the diffusion of project-related information influenced
non-volunteers’ perceptions.
Through sharing of information, people’s social networks also expand. Depending on the
diversity of volunteers, social networks can vary and include a variety of people like
neighbours, colleagues, friends, workmates, customers, students, and others (Bremer et al.,
2019). This social network indicates how information sharing in citizen science promotes
behaviour change and enhances collective actions (Church et al., 2019; Overdevest et al.,
2004).

can play a role in promoting health and human wellbeing (SDG 3) (Den Broeder et al., 2017).
Given the benefits of the CSP on malaria control, one could argue that the initiative may also
have a positive impact on other diseases (for example other infectious diseases), hence
enhancing health and wellbeing in a broader sense (SDG 3). These results are consistent with
other findings from CSPs which indicated the impact of citizen science on the achievement of
SDGs (Quinlivan et al., 2020). A recent world malaria report indicated that malaria reduction
contributes to SDG #3, which is central to the achievement of other SDGs (WHO, 2019).
Consequently, maximizing the societal impact of a citizen science program on malaria may
result in promoting the general health of the population.
Apart from the societal impact of the program, the current program also revealed a scientific
impact (Murindahabi et al., in preparation). Volunteers collected and reported citizen science
data (mosquitoes species, mosquito nuisance, and confirmed malaria cases ) on a monthly
basis for one year. The results revealed a correlation between mosquito nuisance and
mosquito density. This was also reported in Chapter 5 where volunteers indicated that by
submitting the citizen science data in their villages, these data can offer information about
malaria risks (malaria hotspots). The current citizen science program can serve as means to
assess the distribution (when and where) of malaria transmission, hence it can complement
the current active surveillance that is being implemented by the National Malaria Control
Program (Hakizimana et al., 2018). Consequently, this complementarity may strengthen
health systems.
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The role of Information and Communication Technologies (ICT) in citizen science projects
In areas with internet connections, ICT has played a role in the diffusion of CSPs by recruiting
a high number of volunteers. Some assumptions have been made by earlier work that ICT is a
solution to issues related to data quality and participants’ engagement in environmental
management (Cieslik et al., 2018). At the start of the current project, it was proposed to design
an ICT based CSP, and part of the UTAUT model was used in designing the integrated
conceptual model (Chapter 2). However, limited technology access in the study area in
Rwanda hindered the development and use of an ICT-based CSP, because mobile phone
ownership and use among participants was relatively low (Chapter 4). This also partially
explains the underrepresentation of citizen science programs in many parts of developing
countries (Pocock et al., 2018). However, Chapter 4 showed how this technology barrier was
overcome by designing and implementing a non-ICT-based CSP. SMSs that were used as
feedback involved no cost to the receivers of the SMS.
We decided to design a non ICT-based CSP to allow everybody to join and participate in the
project. At the design phase, participants preferred a paper-based form over the use of mobile
phones for reporting data, simply because the use of a mobile phone is associated with some
costs (Chapter 4). These findings support earlier work which revealed that, in practice, the use
of ICT tools in recruitment does not necessarily make the process easy. Besides, some studies
have used direct contact for recruitment of participants as well, and direct contact was
identified as most effective over other strategies even in ICT-based CSPs (Wiggins, 2013). This
is to say that, when ICT tools are used to recruit the participants, this may enhance the visibility
of the project to a wider audience, but does not necessarily lead to participation and retention.
While ICT has contributed a lot in the recent increase of CSPs through data generation, the
reality is, however, that ICT does not optimize the full potential of a CSP, rather it also provides
its own challenges (Wiggins, 2013). Besides the relatively limited availability of ICT in
developing countries (Pocock et al., 2018), sometimes it is not affordable for everyone and,
consequently, becomes a barrier for citizen scientists (Beza et al., 2018; Quinlivan et al., 2020).
The collection and reporting of citizen science data should be simple and easy to navigate,
otherwise, if it is frustrating, some participants may not complete the given tasks (Skelton et
al., 2019). This can, in turn, affect the retention of volunteers unless they have strong
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motivations that drive their contribution to the project. Difficulties in accessibility and usability
of platforms in online CSPs have been reported to hinder the retention of volunteers. Earlier
work conducted on ICT-based CSPs reported some barriers including time, effort, costs, lack
of internet and mobile phone, as well as unfavourable technology to collect and submit citizen
science data (Carballo-Cárdenas & Tobi, 2016; Martin et al., 2016; Skelton et al., 2019).
In Chapter 5, volunteers reported ease of use of tools to collect and report citizen science data
to play a role in their retention. Further, our findings show how a lack of internet coverage or
unavailable technology, in general, should not be a barrier when engaging citizens in citizen
science projects (Chapters 4 and 5). Therefore, when selecting and designing ICT to use in
characteristics as they are indispensable for participation and retention (Wiggins, 2013).
Besides, when conducting an ICT-based CSP, challenges related to ICT should also be identified
and possible strategies should be addressed at the early stage (Wiggins, 2013). Avoiding
complex and sophisticated ICT systems would be a better strategy when an ICT-based CSP is
desired (Wiggins, 2013). The present study showed an alternative CSP which relied less on ICT,
but which optimized the level of participation and retention through putting much effort in
the social organizational component of the program during the design and maintenance
phases (Chapters 4, 5 and 6).
Unlike other ICT-based CSPs that indicated social networking capacities of ICT to play a vital
role, the present study did not identify it as an important motivational factor for people to
participate in the program (Chapter 5). This could indicate that people were more interested
to participate because malaria is a serious issue in their households as well as in the
community in general. Indeed, apart from monthly meetings, and quarterly workshops,
volunteers did not have other platforms to meet and chat, and this could have been the reason
why this was not a significant factor to them. Although it was not their primary motive,
volunteers reported expanding their social networks and reported sharing malaria-related
information with non-volunteers (Chapter 6). This indicates that non-ICT-based citizen science
can also foster social networks.
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Chapter 7
The importance of social processes in citizen science
In citizen science, social processes play a role in the design and maintenance of projects. In
the design phase, both technical and social components were considered and citizens were
involved in the design process as the community members have the best understanding of
their context (Chapter 4).
In this regard, Houghton et al. (2019) indicated that creating a technical tool is not enough as
it is expected to interact with or used by people. In addition, conscious decisions about how
these people will shape the developed tools should be taken. Earlier work by Rogers (1983)
on the diffusion of innovation, reported that sometimes the social component of the
technology is most of the time forgotten or not visible, and people often concentrate on the
technical component. In the health care setting, WHO/EXPANDNET (2009) reported that a
technical solution alone cannot be considered as a health intervention unless it is combined
with the socio-organizational structure that maintains implementation capacities.
In the current study, the engagement of community members in the design may have also
influenced the level of participation and retention (Chapters 4, 5 and 6). It was recognized that
it was important for the community members to select the structure to follow when collecting
and submitting the citizen science data. Community members had to choose the isibo
representatives who were tasked to distribute materials for data collection, as well as
assemble and submit citizen science data to researchers (Chapter 4). This selection of social
structure made the social component unique and showed how it played a key role in the
participation and retention of volunteers.
The interaction between community members and researchers in the design and
implementation helped to build trust, and volunteers could express themselves and share
reflections about the implementation of the program. In this case, misunderstanding between
volunteers and researchers could be addressed because sometimes volunteers may deviate
from the usual protocol (for example the way they use a tool to collect mosquitoes).
A close follow-up was made to enable a smooth implementation of the project and enhance
the retention of volunteers (Chapters 5 and 6). By conducting a study on motivation and
barriers to participate in the program, the project was able to find out how to retain
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volunteers, and some deviations from the objective of the program were discovered. For
example, while people had a trap to use for collecting mosquitoes, some felt the pressure to
collect more mosquitoes. They believed that a trap only collects few mosquitoes. This made
them use other methods, for example, collecting mosquitoes by hand instead of using a trap
as indicated (Chapter 5). Without a follow-up study on motivational factors and barriers, this
would not have been noticed.
The motivations reported by the volunteers were continuously incorporated whenever
possible to retain the volunteers and optimize the impact of the program (Chapter 5). These
findings corroborate with previous studies which showed that responding to volunteers
social and technical components should go hand in hand in the co-design process to optimize
the adoption and retention rates (Allotey et al., 2008; Oria et al., 2014).
Dealing with social differences in citizen science
In citizen science, social differences can be observed in the design and implementation of a
CSP, and they can influence the level of participation. During the design of the CSP, Chapter 4
indicated how community preferences (for example frequency of reporting observations and
different opinions about data collection tools) differed among groups of people (for example
men vs women) and different villages. These differences triggered discussions, and decisions
could be taken with consensus.
During implementation, differences in motivations may also influence the level of
engagement. Chapter 5 indicated how motivational factors to participate in the CSP for
malaria control varied between men and women, and between young adults and adults. These
differences reported in the current study corroborate with other studies in citizen science
(Alender, 2016; Land-Zandstra et al., 2016; Raddick et al., 2013). Exploring these differences
during the implementation of a CSP is an important step because the strategies that scientists
use to recruit and retain volunteers should reflect on these motivations (Lee et al., 2018). For
example in our study, providing feedback either via SMS or through dissemination workshops
made volunteers stay engaged because 1) they knew that their reported data are being used
for scientific purposes, 2) they believed that by attending a workshop, they learn something
new (for example mosquito species), and 3) they also believed that they will get advice related
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demands may enhance retention (Sullivan et al., 2009; Wiggins, 2013). This indicated that

Chapter 7
to malaria prevention and control. Consequently, by addressing these motivations people
think that they are part of the project, and stayed in the program.
Apart from motivations, differences in understanding can also happen during the
implementation of a CSP which may affect the quality of the citizen science data. Chapter 5
showed how differences in understanding among volunteers may influence the use of data
collection tools. While some volunteers mentioned that using other methods would be a
deviation from the research, others thought of competing with other villages (e.g. when it
comes to comparing the number of mosquitoes caught per villages). This raised pressure to
catch more mosquitoes and triggered the use of other methods (for example using eyes and
hands), or setting the trap two days to be able to collect more mosquitoes. One may think that
this is a lack of clear information about the project’s objectives. However, it may not be true.
Those who used other methods were hardly discussing this with peers, because they think
that they are not allowed to use these other methods. This shows that when implementing
citizen science projects, there may be tension between societal objectives and scientific
objectives. Consequently, a close follow-up during the implementation of a citizen science
project is necessary to be able to detect this kind of tension and to determine strategies to
manage this tension. For example, one strategy would be to have regular field visits and one
on one discussions to be able to discover the tension, and together as a team discuss possible
solutions.
Can a citizen science program for malaria control be scaled up and sustained?
There is a growing body of literature about scaling up public health interventions or
innovations to improve health outcomes (Bulthuis et al., 2019; WHO/EXPANDNET, 2011;
Yamey, 2012). Scaling up is a process that involves multiple stakeholders, groups, and
organizations. WHO/EXPANDNET (2009) defined scaling up as a system which consists of five
interacting elements: an intervention, an environment (social, economic, political, and cultural
contexts that may affect the process of scaling up), a resource team (individuals or a group of
people that provides guidelines or technical support to facilitate wider use of an intervention),
a user organization (seek or expected to use, adopt, and implement the innovation; for
example, a non-governmental organization, or a public sector), and a scaling-up strategy
(plans and actions required to include an intervention into policy).
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Developing a scaling-up strategy should be the first step, the resource team and user
organization provide support and guidance in the design of this scaling-up strategy (Bulthuis
et al., 2019; WHO/EXPANDNET, 2009). The design and implementation of this scaling-up
strategy is influenced by the environment. Therefore, critical decisions and choices about the
type and process of scaling up, ways of assessing and mobilizing resources, as well as the
process of monitoring, evaluation, and dissemination of information should be made
(WHO/EXPANDNET, 2009).
In the current program, the scalability and sustainability of the CSP for malaria control rely
first on the societal, scientific, and political impacts of the program, and the availability of
provides evidence and helps to foster scalability locally. However, the scientific impact
requires a full realization of the potential of the program to generate the citizen science data
(Murindahabi, et al. in preparation). Then, the policy implications of the program rely on both
societal and scientific impacts. Volunteers reported the citizen science data (mosquito density,
mosquito nuisance, and confirmed malaria cases) for one year and these data indicated
temporal and spatial variations of mosquito density (Murindahabi, et al. in preparation).
Besides, it was clear that mosquito nuisance can be used as an indicator of mosquito density.
Therefore, these results can serve as evidence to know when and where to implement a
malaria control intervention. For example, the results can show which month and which
villages to target for IRS.
In the design of our program, the concept of scalability and sustainability was considered by
designing a handmade trap that can be locally available and easy to use (Chapter 4). Also, a
close follow-up to maintain the program was done with consideration of volunteers’
motivations and addressing the challenges they encountered. For example, when volunteers
reported low perceived efficacy of the trap as an issue, we agreed as a team ( i.e. volunteers
and researchers) that they can use other methods to collect mosquitoes with the condition
that they have to specify the method used on the paper form which was used to report
mosquitoes. Besides, the majority of volunteers indicated a willingness to continue
participating even when the ingredients are not given (Chapter 5). This supports a report
published by WHO/EXPANDNET (2009) which indicated that taking into account the
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implications of scaling up intervention during the design and implementation phases, yields
better results than thinking about scaling up after the completion of a pilot study.
Another factor that may foster the scaling up of the current program is the willingness of the
participants. Volunteers indicated a willingness to continue participating even after the end of
the current research, and besides that non-volunteers showed an interest to join the project
(Chapters 5 and 6). Generally, the volunteers expressed that as long as there is a location (for
example at the health center) where to submit citizen science data, collecting and reporting
would not be an issue.
Given the observed value of the feedback provided in the retention of the volunteers,
probably if not provided, this may, in turn, affect the collection and reporting of citizen science
data once the program is scaled up. Earlier work has reported the barriers to scale up a health
intervention and these include limited capacity of implementers, lack of community
engagement, and contextual factors (social, political, and cultural) (Yamey, 2012). Thus, the
simpler the innovation, the more easily it can be adopted and scaled up (WHO/EXPANDNET,
2011).
Finally, effective and sustainable scaling up involves many factors that support the expansion
of an intervention (WHO/EXPANDNET, 2009). Attention should be paid to all elements of the
system because none of them can succeed alone and these factors are not mutually exclusive,
therefore, they influence each other (Bulthuis et al., 2019). However, the societal impact of a
proposed intervention may be the first step that determines further pursuit of the
intervention (WHO/EXPANDNET, 2011). In this regard, the benefits of the citizen science
program presented in this thesis may serve as an initial stage for further discussion,
assessment, and planning about the scaling up of the program.

Recommendations for policy, practices, and future research
The findings of this thesis offer a basis for rethinking the process of malaria control. Designing
and implementing the citizen science program for malaria control provided evidence of how
to engage citizens in malaria control. The thesis suggests that this current citizen science
program may complement the existing active mosquito surveillance.
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Therefore, several recommendations for policy, practices, and future research derived from
the above cross-cutting issues merit discussion.
Recommendations for policy
Given the complexity of the malaria problem, integration of factors at both individual and
collective levels is required to achieve malaria elimination. This thesis has shown how
community members need to be engaged in malaria control interventions, and how they are
motivated to contribute to malaria control. This calls malaria control programs to consider
involving community members in malaria control interventions and integrate their
community members can be engaged in malaria control through a citizen science program.
Given the benefits of the CSP for malaria control, and the willingness of the volunteers and
non-volunteers to continue participating and join the program, the program can be sustained
over time in collaboration between the National Malaria Control Program, researchers, and
community members. This collaboration needs to look at how citizens can be facilitated to
submit the data, which resources are required, and what could be the source of funding.
Looking at how information is spreading, and how non-volunteers are benefiting from having
this initiative in the study setting, it is possible to scale up the initiative in other areas, but it
should be noticed that Ruhuha has been a research hub in the past years. Therefore,
recruitment and retention rates may differ when this program is implemented in other
settings. The scale up needs to take into account the technical and social features of the
program as a whole and not just one component, because scientific and societal impacts of
the citizen science program interact. Houghton et al. (2019) also revealed that a system (both
technical and social elements) should be adopted as a whole because it is not only the app or
a platform that works alone, but also organizational and social elements that maintain and
foster its function. Some social elements to consider while scaling-up include the recruitment
strategy (co-design), communication channel, and volunteers’ satisfaction by addressing their
motivations. The process and requirements to scale up and sustain this program need further
exploration.
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Recommendations for citizen science practice
Investing in a citizen science program does not only enhance knowledge and skills but also
individual and collective actions. Equally important, the volunteers are not the only ones to
benefit, but also non-volunteers and the wider community. Monitoring and evaluating CSPs
require a common framework. This framework may target outcomes at both individual and
community levels involving those who are directly engaged in the collection of citizen science
data and those who are not directly involved. At the individual level, outcomes to be measured
include an increase in awareness and understanding of nature, environment, and the scientific
process. At the community level, the outcomes include community leadership, organizational
capacity to address collective problems and improve community well-being, and social capital.
In addition, what to evaluate should be thought of right at the beginning of the project, and
the educational goal of the program should be clear before the implementation starts so that
those who are motivated by learning opportunities may join the program. To reinforce this,
motivational factors should be regularly identified at different stages of participation and
should be addressed where possible.
Differences in motivations, understanding, and level of engagement have been observed
among people who participate in the program. Therefore, more investment in the design and
regular follow-up are needed to successfully achieve the program’s goals. Scientists could
consider addressing these differences by encouraging more discussions with volunteers at
different stages of participation. This may, in turn, foster the level of retention in citizen
science.

Recommendations for further research
In this thesis, we indicated that the combination of individual and collective factors in malaria
control is necessary. Therefore, further studies should explore and specify other factors and
to what extent they influence the consistent use of malaria control measures. Other factors
to be explored include human activities such as agricultural activities, the influence of
mobilization from community health workers or local leaders, and community organization
and support. Exploring these factors may contribute to the current theoretical knowledge by
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either extending the integrated model of determinants of malaria prevention and control
behaviour and/or using the model in other behaviour-related research.
In citizen science, provision of feedback is a means of recognition that motivates volunteers
to stay engaged in the project. However, it is not clear to what extent different forms of
feedback (e.g., SMS, presentations in workshops, flyers), may encourage volunteers and
motivate them to share malaria-related information with non-volunteers. Further studies may
explore how these different forms of feedback have played a role in retention, and how they
can be used in the recruitment of new volunteers. By evaluating these forms of feedback
provision, future citizen science projects can select which form to use at a given stage of a

7

citizen science project.
Different motivational factors were explored and it was clear that these motivations vary
among different groups (age and gender). These motivations may also affect the impact of
citizen science. For example, those who are motivated by learning opportunities may report
an increase in knowledge and skills more than others who reported other motivations. In
addition, high-quality data may be reported by those who indicated an increase in knowledge
and skills. Thus, investigating relationships between motivations and benefits would be of
interest to improve both the societal and scientific impacts of citizen science.
Lastly, further studies that involve policy-makers are needed to determine their perceptions
and acceptance of the program, and how it can complement the active surveillance of the
national malaria control program. This should include the identification of resources (human,
financial, and material) required. In turn, such a study can further confirm the scalability of
this citizen science program.

Conclusion
This thesis showed that addressing the malaria problem requires an integrated approach that
includes both individual and collective factors, and places citizens at the center of every
intervention. This implies actively engaging citizens in malaria control interventions. A citizen
science program was co-designed with community members and involved both technical and
social components. While the technical component (i.e. tools used to collect and report citizen
science data) was required to be able to collect data, a social component (i.e. organizational
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structure: recruitment of volunteers, collection and reporting of citizen science data, and ways
of feedback provision) was necessary to agree on when to collect, and how to submit the data.
Indeed, a social component was required in the design and maintenance, to generate the full
potential of this program. Through involving citizens in the design process, they were able to
discuss and decide on the structure to follow while collecting and reporting citizen science
data. Furthermore, the social component played a key role in the observed high level of
participation and retention by exploring the motivational factors over time and addressing
some barriers reported by the volunteers.
The implementation of a citizen science program requires a close follow-up to explore the
motivations and barriers to participation. Motivations may differ at each stage of
participation, and it is only when volunteers are satisfied and their motivations are fulfilled
when a high retention rate can be observed. The program generated societal impacts at both
individual and collective levels, and a notable diffusion of the project-related information to
non-volunteers was observed. Thus, it contributed to the adoption of malaria control
measures. Therefore, to optimize the full potential of a citizen science program, integration of
both technical and social components is essential. Finally, I conclude that if set up with close
interaction with different stakeholders, citizen science has a potential contribution to malaria
control in Rwanda.
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Summary
Malaria continues to be a major public health problem around the world, and most
prominently on the African continent, with Sub-Saharan Africa carrying the largest burden of
malaria. Currently, the World Health Organization calls for malaria control interventions that
leave no one behind with the aim to realize a malaria-free world. Consequently, engaging
community members in malaria control interventions is crucial for malaria elimination in many
countries including Rwanda. However, very little is known about how people can be engaged
in malaria control, and how this engagement could, in turn, affect the consistent use of malaria
control measures. This thesis used an integrated model of determinants of malaria preventive
behaviour with the objective to explore the factors that influence the consistent use of malaria
control measures, and investigated how a citizen science program for malaria control could
contribute to this use. Specifically, the study designed and implemented a citizen science
program and investigated the motivational factors, barriers, and effects of this program on
the use of malaria control measures.
A mixed-methods approach was used in four different phases (baseline, design, follow-up, and
evaluation) with a citizen science program. This program involved collecting mosquitoes using
a handmade trap, reporting mosquito nuisance and confirmed malaria cases using a paperbased form. The first phase involved the development and testing of an integrated model of
determinants of malaria preventive behaviour to enhance our understanding of the
interrelationships between factors that influence individuals to participate in a citizen science
platform and use malaria preventive measures (Chapter 2). In Chapter 3, this integrated model
was tested. The objective of Chapter 3 was to assess the relationships between individual
perceptions and the intentions to use malaria preventive measures. The study was carried out
in the sectors of Ruhuha and Busoro, Rwanda into two phases. Phase one involved a
questionnaire survey whereas phase two employed a qualitative approach. The results
indicated that the individual perceptions partially explain behavioural intentions to
consistently use malaria control measures, and leave room for other factors that play a
significant role in the use of malaria preventive and control measures. Other factors include
organization that involves careful assessment of the collective management of mosquito
breeding sites at the community level. The chapter highlighted three strategies that can be
used to promote the consistent use of malaria preventive and control measures, these include
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access to LLINs and regular spraying activities, community mobilization, and citizen
engagement in malaria control activities.
The second phase elaborated on the co-design process that was employed to engage citizens
in malaria control through the citizen science program (Chapter 4). The co-design was
conducted through participatory design workshops and involved recruitment of participants
in five villages of Ruhuha sector, Rwanda. The results showed that following the involvement
of citizens in a co-design process, we arrived at different decisions that we did not always
foresee. Community members have their preferences and choices related to the tools to
collect citizen science data (mosquito species, mosquito nuisance, and confirmed malaria
cases), as well as an organizational structure (for example frequency of reporting, selecting
representatives to gather and submit the reports). These choices demonstrate that citizens
have context-specific knowledge and skills. Consequently, involving them in the design of a
program and considering their preferences facilitated the implementation of the program and
retention of volunteers. Finally, a high level of recruitment, participation, and retention
showed that a citizen science program is feasible in areas with limited ICT tools.
Volunteers may participate in a citizen science program because of different reasons, and
through participation they may encounter different challenges that need to be addressed to
retain them. A third phase, therefore, included monitoring of the citizen science program to
retain volunteers (Chapter 5). Chapter 5 explored the motivational factors and barriers at
different points in the lifetime of a citizen science program on malaria control. A qualitative
approach was used and involved 44 interviews of which 30 were volunteers of the citizen
science program, and 14 were non-volunteers who attended participatory design workshops
used to recruit the volunteers, but decided not to join the program. The findings revealed that
there is a change in motivation over time. Desire to learn about and contribute to malaria
control motivated people to join the program and start participating. Although these
motivations were also present for the subsequent phase of participation, however, other
factors including recognition and acknowledgment of volunteers’ contributions motivated
volunteers to stay involved in the project. Comparing motivational factors among age and
gender groups, the results revealed that young volunteers and women were more motivated
to join the program because of curiosity and desire to learn new things. However, in general,
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adult volunteers and men were motivated by contribution to malaria control. This indicates
that in a citizen science program, target groups may require different recruitment and
retention approaches. Thus, future citizen science projects may consider using different
messages at different stages of participation to maximize the recruitment, participation, and
retention of volunteers. Barriers encountered include the pressure to report observations
(mainly collection of mosquitoes) and low perceived efficacy of the handmade trap. The
motivational factors and barriers reported in this study should be considered in citizen science
projects to know how to approach community members at what stage of participation in
citizen science.
Although the retention of volunteers is important, an assessment should also be conducted to
monitor and explore the impact of the program on community members. Phase four assessed
the effect of the citizen science program for malaria control (Chapter 6). It involved an
evaluation of the benefits of the program to those who are directly involved in the collection
and reporting of citizen science data and other community members who are not directly
involved. A mixed-method approach was used and included a questionnaire survey,
dissemination workshops, and village meetings. The results showed that individual
perceptions in general and malaria-related behaviour improved significantly over time
(between 2017 and 2019). Comparing the individual perceptions and malaria-related
behaviour between volunteers and non-volunteers, a significant difference was observed only
for the perceived self-efficacy. However, it was apparent that volunteers interact with others
and participate in malaria-related activities more than non-volunteers. Both volunteers and
non-volunteers gained knowledge and skills about the use of malaria control measures in
general and mosquito species in particular among volunteers. The reported knowledge among
non-volunteers shows the diffusion of project-related information. Consequently, this shows
that a citizen science program has the potential to not only engage those who are directly
involved in the collection and submission of citizen science data but also improves community
health by addressing public health problems.
Overall, the results of this thesis clearly showed that the achievement of malaria control needs
consideration of both individual and collective factors. To facilitate this, citizens need to be
engaged in malaria control interventions. A high participation and retention rate observed
throughout the project (one year), clearly demonstrated that the implementation of a citizen
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science program in areas with limited technology is feasible. However, the citizens’
preferences should be considered during the design process, and their motivations and
barriers should be identified and addressed during the program to enhance the retention rate.
The benefits of the program are not only limited to those who are directly involved in the
program, but there is diffusion of information and benefits of the program to other community
members. The citizen science data submitted by the volunteers provide localized information
about mosquito density and its relationship with mosquito nuisance. This, in turn, may foster
localized and targeted malaria control interventions and this program is likely to improve the
consistent use of malaria preventive and control measures. Therefore, I conclude that this
citizen science program has a potential contribution to malaria control in Rwanda. Thus, it can
complement the existing active surveillance and may be considered by the National Malaria
Control Program.
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