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Abstract
The long-term sustainability of the African Great Lakes is strongly connected to the management and monitoring of their
coastal areas. Yet, the communities that live in these areas are rarely involved in monitoring and have limited influence on
key management issues. Furthermore, regulatory activities and knowledge sharing in these transnational ecosystems are
strongly limited by funding and infrastructure limitations. Citizen science has great potential to advance both scientific and
public understanding of the state of the environment. However, there remains a limited understanding of participants’
motivations and expectations, especially in developing countries, where citizen science has great potential to complement
regulatory monitoring. The present study explores the motivations of citizen scientists in villages along Lake Tanganyika’s
northern coast and their potential to take a more active role in lake management. Motivations were examined through
qualitative interviews, focus groups, and quantitative surveys with 110 citizen scientists and 110 non-citizen scientists from
participating villages. Key motivational factors identified were the desire to contribute to scientific research and local
knowledge, as well as aspects of financial compensation. The results confirm that participation in citizen science provides
many benefits to participants beyond their role as data aggregators and final knowledge users. However, the incentives to
participation varied to those typically considered in citizen science programs conducted in developed countries. To create
sustainable long-term community based environmental monitoring, these motivations should be incorporated in the program
design and participant recruitment.
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Theoretical Background

Citizen science, the participation of non-scientists in the
monitoring and assessing the environment, has been
growing rapidly since the environmental revolutions of
1960’s to 1970’s (Roy et al., 2012). According to Bela et al.
(2016), the most important benefit of involving citizen

science in environmental research is to create a strong tie
between local and formal impacts of scientific research. In
citizen science, community members may participate in
different aspects of research including designing project
goals, data collection, analysis and report writing (Bonney
et al., 2009). This opens up new possibilities to collect and
process large quantities of data across a diverse habitats and
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locations over long spans of time; on a scale that traditional
research often cannot attain (Hadj-Hammou et al., 2017).
Citizen science has been used successfully to monitor
aquatic environments in many parts of the world (Hughes
et al., 2014; Hyder et al., 2017; Loiselle et al., 2016; Moshi
et al., 2022; Thornhill et al., 2019). Studies focused on
assessing citizen science for sustainable development goals
reporting (Fritz et al., 2019; Bishop et al., 2020, Fraisl et al.
2020), evaluating ecosystem services (Di Grazia et al.,
2022), monitoring litter (Mayoma et al., 2019) or coliform
pollution (Moshi et al., 2022) show that citizen science can
meet a wide range of objectives. However, in Africa and
many developing counties, the field of citizen science has so
far been limited and focused on aspects such as hydrology
(Njue et al., 2019; Rufino et al., 2018; Weeser et al., 2018).

Citizen science shows a great potential in advancing both
scientific research, decision and policy support as well as
public understanding of science (Schade et al. 2021).
However developing successful citizen science projects
require a clear understanding of citizen scientists’ percep-
tions and motivations (West et al., 2021). These perceptions
and motivations can vary from location to location, and in
relation to social and economic background, with very
limited information on citizen scientist involvement from
developing countries and marginalized communities
(Asingizwe et al., 2020; Walker et al.2021, Wright et al.
2015).

In general, citizen scientists have different motivations
for participating in environmental activities than people
who participate in other social activities (Seeberger, 2014)..
Without understanding motivation behind citizens’ partici-
pation in citizen science projects, citizen science programs
can have multiple challenges to recruit and maintain parti-
cipation in citizen science program that require continued or
long-term participation (Alender, 2016).

An individual’s motivation for participating in citizen
science has been described as egoistic, altruistic, or both
(Kragh, 2016). Ryan et al. (2001) found that altruistic
aspects like improving the environment were most impor-
tant for citizen scientists three programs in North America.
Altruistic motives were also found to be important in par-
ticipants of online citizen science (Galaxy Zoo) (Raddick
et al., 2013a). Contributing to science was also found to be a
major motivation (Domroese and Johnson, 2017; West and
Pateman, 2016). Other citizen scientists were driven by
environmental values (Curtis, 2015; Measham and Barnett,
2008) while some citizen science participants were moti-
vated more by social aspects (Asah et al., 2014).

Citizen scientists’ expectations from participation can
also vary significantly (Ganzevoort et al., 2017), and can
include more egoistic aspects such as financial compensa-
tions and individual learning and understanding (Beza et al.,
2017; Paul et al., 2020). The provision of incentives to

citizen scientists, such as prizes, certificates, workshops and
meetings, can increase motivation (Lewandowski and
Oberhauser, 2017; Luther et al., 2009; Restuccia et al.,
2016).

Many citizen science projects focus on ecology, biodi-
versity and conservation of resources but only few have
explored the motivations of people in developing countries,
where marginal communities have limited economic and
political agency (Walker et al., 2021). Importantly, citizen
science in these countries can make a major contribution to
improve environmental monitoring and management
(Bishop et al. 2020). Understanding what motivates local
communities and people to participate in a citizen science
project can increase the possibility of accurate long-term
data collection necessary to support resource management,
as well as improve local attitudes towards a more sustainable
resource use (Ganzevoort et al., 2017, Sauermann et al.,
2020; Sutherland et al., 2015; West and Pateman, 2016).

The present study explores citizen motivations toward
participation in a large-scale and long-term study of the
coastal waters of Lake Tanganyika (Tanzania). This study is
addressed at providing new insights to following research
questions (i) which members of the community are most
willing to participate in citizen science based water quality
monitoring, (ii) what are their motivations and expectations,
(iii) what incentives favor long-term participation.

Methodology

Description of the Study Area

Lake Tanganyika is the world’s longest freshwater lake
located at 6.2556° S, 29.5108° E and the deepest (1470 m)
of the African Great Lakes. The lake is shared between four
countries, Burundi (8%), Democratic Republic of Congo
(DRC) (45%), Tanzania (41%) and Zambia (6%) (Reynolds
and Moelsae, 2000) and has a catchment of 231,000 km2.
Despite of its depth and oligotrophic nature, the lake is
threatened by pollution from domestic and industrial
activities, climate change, land use changes and rapid
increase in human population which has led to over-
exploitation of its aquatic resources and habitat destruction.
Monitoring of the coastal areas of Lake Tanganyika, like
many lakes in Africa is limited both in geographic scope as
well as long-term continuity, usually in relation to limited
and inconsistent funding (Nijhawan, Howard (2022)).

The present study was conducted in five lakeshore vil-
lages (Fig. 1), chosen based on differences in their popu-
lation, rural/urban dominance and access to the lake for
monitoring activities. The villages Karago and Mwam-
gongo (rural dominance), Ilagala, Kibirizi and Ujiji (urban
dominance) have a range of livelihood activities, ranging
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from fisheries, agriculture, palm oil plantation, palm oil
processing, fish processing to small businesses, with fish-
eries as the most important income generator and protein
source. According to the 2012 national census, Ilagala vil-
lage has a population of 18,087 people which is the larger
compared to Mwamgongo (15,657), Kibirizi (12,225), Ujiji
(9040) and Karago (5456) (NBS. (2013)).

Citizen Science Water Quality Monitoring in Lake
Tanganyika

A community-based citizen science water quality monitor-
ing was initiated in 2018 by Tanzania Fisheries Research
Institute (Kigoma Center) and initially funded by the EU
2020 MONOCLE project (Multiscale Observation Net-
works for Optical Monitoring of Coastal waters, Lakes and
Estuaries).

The project aimed to collect water quality data in coastal
areas to improve both national as well as local management
of the coastal environment. 50 people, including fishermen,
farmers, Beach Management Units (BMUs), fish pro-
cessors, and fish traders, were randomly chosen from each
village. Initial recruitment was facilitated by key informants

in each village (e.g. fishery officers). Participation was
limited to adults (over the age of 18) who were willing to
perform water quality monitoring activities and who were
available to do so. It should be noted that this selection
criteria introduced some bias to participation, as persons
who had no interest in participating or after completing a
structured questionnaire, 150 out of 250 individuals (30 in
each village) were recruited and trained to become citizen
scientists.

The citizen scientists used the FreshWater Watch mon-
itoring, training and quality control approach developed by
Earthwatch Europe (Moshi et al., 2022; Thornhill et al.,
2019). These trained citizen scientists began their engage-
ment in the project in 2019 and have continued collecting,
analyzing and recording water quality information once in a
month to the present, with a recent expansion into 3 new
villages. For each sampling month, citizen scientists are
rewarded each an airtime voucher equivalent to 5000 Tan-
zania Shillings (2.15 US Dollars). The voucher was con-
sidered both an incentive as well as support for data
transmission of the recorded measurements by smartphone.
Water quality parameters monitored by citizen science
include nutrient concentrations, bacterial load (coliforms),

Fig. 1 Map of Lake Tanganyika showing study sites
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turbidity, watercolor, and total suspended solids, as well as
hydrological and meteorological observations.

Research Design and Data Collection Methods

Field work to understand the motivation factors for com-
munity participation was carried out from May to August
2020 in all five study sites. Data were collected through
Focus Group Discussions (FGDs), Key Informant Interviews
(KIIs) and individual questionnaire surveys. A mixture of
these methods was used to cross check and validate the
collected information. This study involved two groups of
people; citizen scientists who are part of the water quality-
monitoring project and non-citizen scientists who are not
part of water quality monitoring project. The citizen scientist
respondents had already participated in community water
quality monitoring for more than one year. The group of
non-citizen scientist respondents (who were not participating
in water quality monitoring) were identified and selected via
the snowball sampling approach, where the non-citizen
scientist respondent (who is not participating in water quality
monitoring) was identified by the citizen scientist respondent
(Kothari, 2004; Marshall, 1996). This sampling techniques
was selected due to the difficulty in reaching the number of
potential respondents required, given the extension of the
villages and the informal nature of participant daily activities
(Woodley and Lockard, 2016). The effectiveness of this
method has been used in a number of studies, typically for
marginalized populations, allowing researchers to be intro-
duced to participants that would be difficult to identify. It
should be noted that there are a number of limitations to this
approach, as contacts remain within a respondent’s social
network, making the representativity of the control popula-
tion very similar to that originally selected as citizen scien-
tists (Cohen and Arieli, 2011).

Prior to the data collection, respondents were informed
about the purpose of the study and their willingness to
participate was requested.

Individual Questionnaire Survey

Prior to the actual survey, a pilot survey was conducted with
a few individuals to test the relevance and clearness of the
questionnaire. During the actual survey, the final semi-
structured questionnaire, in Swahili, was administered to
110 citizen scientists and 110 non-citizen scientists. The
sample size was based on the availability of citizen scien-
tists and non-citizen scientists and their willingness to par-
ticipate in the study and its suitability for statistical testing
(Kotrlik and Higgins, 2001).

The questionnaire addressed information regarding par-
ticipant socio-demographic characteristics and willingness to
participate in future citizen science activities (Appendix 1).

The questions regarding their motivations for participation
were a combination of intrinsic and extrinsic motives
adapted from Budhathoki and Haythornthwaite (2013) and
modified on the basis of the information collected from the
FGDs and KIIs. Statements regarding motivational factors
(interaction with professional scientists, contribution to sci-
entific research, providing/sharing information, hobby,
interact with the community members, help the researcher
do his/her research and expect something from the
researcher) were assessed using a five-point Likert scale,
from 1= very low importance, 2= low importance
3=medium importance, 4= high importance and 5= very
high importance (Appendix 1). Information regarding per-
sonal and social expectations for participating in citizen
science activities, preferred incentives and ideas on
approaches to ensure sustainability of citizen science activ-
ities were also collected during the survey (Appendix 1).

Focus group discussions and key informants’ interviews

Focus groups are often used to obtain consensus-based
thoughts and opinions of people with similar backgrounds.
Two groups of FGDs with 5–8 participants of mixed gender
and age were held at the community level in each village to
gather qualitative information related to the results of the
questionnaire survey. Members of FGDs were selected from
the individuals who participated in the questionnaire survey.
In each village, one FGDs was organized with individuals
who are not part of the water quality monitoring project
(non-citizen scientists) and a second FGDs was composed
of active citizen scientists engaged in water quality mon-
itoring. A total of 10 FGDs were conducted.

Information regarding their environmental concerns,
motivations for participating in monitoring activities,
expectations, incentives and their ideas on how to ensure
sustainability of the monitoring activities was discussed,
following a pre-prepared checklist of questions (Appendix
2). The discussion was facilitated by the researcher. FGDs
utilized open-ended questions which offered advantage of
respondents to freely express their ideas.

Information provided by FGDs were cross-checked and
validated by conducting in-depth KIIs. According to
Trochim (2006), a key informant is an individual who is
accessible, willing to talk and have detailed information and
knowledge about a specific topic under study (Kothari,
2004). A total of 17 key informants were interviewed
including, one village leader in each village, two environ-
mental officers from National Environmental Management
Council (NEMC) Kigoma office, one fisheries officer in
each village and one citizen scientists group leader in each
village. These key informants were selected based on their
knowledge and concerns about water quality in the Lake
Tanganyika and willingness to provide necessary in-depth
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information to answer research questions. All FGDs and
KIIs sessions were audio recorded to capture information
during discussion.

Data analysis and Presentation

Qualitative information from the FGDs and KIIs were
analyzed through content analysis (Erlingsson and Brysie-
wicz, 2017). Content analysis is a research technique for
narrative and non-numeric data collected in form of spee-
ches or quotes. In this case the researcher is required to
identify and interpret the related messages within a given set
of information and produce meaningful insights from the
phenomenon under study (Bengtsson, 2016; Erlingsson and
Brysiewicz, 2017).

Quantitative data gathered from individual ques-
tionnaire survey were sorted using Microsoft Excel, and
then coded in SPSS statistical software, version 27 for
descriptive and inferential statistical analysis. Descriptive
statistics was applied to determine of percentage response
of both citizen scientists (n= 110) and non-citizen scien-
tists (n= 110) on their socioeconomic and demographic
characteristics, personal and social expectation for
engagement in citizen science activities as well as their
preferred incentives. A chi-squared test of independence
was used to compare the motivational factors for partici-
pation in citizen science water quality monitoring of the
two groups of citizen scientists and non-citizen scientists.

One-way ANOVA was applied to compare these attributes
mean score between citizen scientists and non-citizen
scientists’ groups.

Logistic regression analysis was employed to deter-
mine the influence of socio-economic and demographic
characteristics on respondents’ willingness to engage in
current/future citizen science activities in the study area.
In this analysis, the two groups of citizen scientists (110)
and non-citizen scientists (n= 110) were pooled together
to increase the strength of the association between the
predictor and response variables that fit the logit model
(Field, 2009). The logistic model was used to predict the
probability of an individual’s willingness to participate
in citizen water quality monitoring activities based on
their sociodemographic profiles (Comoé and Siegrist,
2015). The variables included in the model were defined
on the basis of the link between a binary dependent
variable and independent (predictor) variables, which
were either categorical or continuous (Karasmanaki
et al., 2019; Kitula et al., 2015; Kostakis and Sardianou,
2012; Midi et al., 2010) (Table 1). Independent variables
entered in the logistic equation were: respondent’s age in
years, gender (male or female), household size, educa-
tion level (informal, primary, secondary and college),
residence time (years) individual have lived in the area,
marital status (single, married, widow and divorced),
head of household (yes or no) and monthly income
(estimated monthly income earned per individual).

Table 1 Dependent and
independent variables used in
the logistic regression model
analysis

Variables Descriptions Coded value

Dependent Willingness to participate in
future citizen science
activities

If individual is willing to participate
in future citizen science activities in
the area

1 = Yes

0 = No

Independent
variables

Age Respondents age in years Continuous

Gender Respondent’s gender 1 = Male

0 = Female

Household size Number of people in respondent’s
household

Continuous

Education level Highest level attained by individual
based on: educated (primary,
secondary, college)

1 = educated

0 = non-
educated

Non-educated (informal)

Residence time in the
village

Length of time in years, the
respondent has lived in the area

Continuous

Head of household If the respondent is head of
household

1=Yes

0 = No

Marital status If the individual respondent is
married (married) or not married
(single, divorce, widow)

1 = Married

0 = Not
Married

Monthly income Monthly income earned by individual
respondent

Continuous
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Dummy variables for independent data such as marital
status and education level were selected as a reference
group (Table 1). The dependent variable was willingness
to participate in the future citizen science activities in the
area (yes or no).

Results

Socioeconomic and Demographic Characteristics of
Respondents

The majority of respondents were male (69% and 74%) for
citizen scientists and non-citizen scientists respectively
(Table 2). The dominating age group (41% and 36% for
citizen and non-citizen scientists respectively) was between
29 to 39 years old (Table 2). For education level, 64% of
citizen scientists respondents and 71% of non-citizen sci-
entists had attained primary education (Table 2). This study
revealed that most of respondents were household heads
(73% and 83% for citizen scientists and non-citizen scien-
tists respectively). Fishing was the dominant occupation
accounting the overall response of 49% (48% citizen sci-
entists and 50% non-citizen scientists (Table 2). Most of
citizen scientists and non-citizen scientists have lived in the
area for more than 20 years (53%). In terms of marital
status, 51% of citizen scientists and 55% of non-citizen
scientists were married (Table 2). The monthly income
earned by most of the respondents in the survey was less
than 200,000 Tanzania Shillings ($90 USD), for 67% and
73% for citizen scientists and non-citizen scientists
respectively (Table 2).

Influence of Socio-demographic Characteristics

Logistic regression indicated individuals’ willingness to
participate in future citizen science activities were sig-
nificantly influenced by their socio-demographic char-
acteristics (p= 0.044). Higher model correctness with
prediction success of 84% was observed. The model var-
iation showed that the dependent variable can be explained
by independent variables by 63% (Nagelkerke R2= 0.63,
Cox and Snell R2= 0.47 and −2Log likelihood = 161.30).
Willingness to participate was favoured by increased age,
being male, low monthly income, longer permanence in the
village and being the head of household (Table 3). An
increase in individual monthly income reduced the like-
lihood of individuals participating in future citizen science
activities (Table 3).

Motivation Factors

The mean score of all motivation factors for participation in
citizen science water quality monitoring differed sig-
nificantly between citizen scientists and non-citizen scien-
tists (χ2= 17.02, p < 0.001). Interaction with professional
scientists and contribution to scientific research were cited
as the most important motivation factors (4.4 mean score)
for participation in water quality monitoring by both non-
citizen scientists and citizen scientists (Fig. 2). This

Table 2 Socioeconomic and demographic characteristics of
respondents in the study area

Citizen
scientists
(CS,
n= 110)

Non-Citizen
scientists
(Non-CS,
n= 110)

overall

Variable Group Response in %

Gender Male 69 74 71

Female 31 26 29

Age 18–28 22 18 20

29–39 41 36 39

40–50 21 25 23

51–61 10 14 12

>61 6 7 6

Education
level

Informal 0 3 1

primary 64 71 67

secondary 25 13 19

College 11 14 12

Household
size

1–5 27 20 24

6–10 56 63 60

>10 16 17 17

Head of
household

Yes 73 83 78

No 27 17 22

Main
occupation

Fishing 48 50 49

Farming 20 18 19

Small business 13 9 11

Public servant 1 5 4

Fish processing 14 10 12

Fish vending 4 7 5

Residence
time

<10 years 16 19 18

10–20 years 31 27 29

>20 years 53 54 53

Marital status Single 28 30 29

Married 51 55 53

Divorced 15 10 13

Widow 5 5 5

Monthly
income

<200,000 67 73 70

200,000–300,000 25 17 21

>300,000 8 10 9
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motivation was also supported by narratives from both
FGDs and KIIs, as expressed in the following statements:

“I would like to participate and being involved in
citizen science water quality monitoring because is

the only chance I have to connect with professionals
and learn about aquatic environments, the closer you
are to the bees the more the chance of getting honey”.
I believe that when you are close to professionals like
environment conservationists, aquatic researchers the
more you gain knowledge”. (FGDs/Non-citizen
scientists/Kibirizi. Likewise, one of the citizen
scientist group leaders (Karago) explained that “I’m
motivated to participate in citizen science activities
because I feel more honored when given the
opportunity to explain my feelings about my sur-
rounding environment and contribute my time, labour
and knowledge to scientific research activities in my
area”.

Expectation for Participation in Citizen Science
Monitoring

Findings from individual surveys revealed that most of
citizen scientists and non-citizen scientists interviewed were
expecting some monetary compensation for participating in
water quality monitoring in the study area (80% and 82%
for citizen and non-citizen scientists) (Fig. 3). In addition,
most citizen scientist respondents (81%) and non-citizen
scientists (78%) were expecting to participate in decision
making regarding their local environment (Fig. 4). These
results were also corroborated from FGDs and KIIs
whereby both groups:

“When I participate in citizen science water quality
monitoring activities, I expect to be paid for my time
and knowledge I contribute to water quality monitor-
ing whether it is monthly or daily as I will not do other
income generating activities during that time” (FGDs/
non-citizen scientists/Mwamgongo). One of the vil-
lage leaders added that: “We are a complete society,

Table 3 Results of the logistic regression model showing the relative
influence of socio-demographic characteristics of respondents on
willingness to participate in water quality monitoring along Lake
Tanganyika

Variables β S.E. Sig. Exp (β))

Age of Respondent 1.229 0.424 0.004* 3.419

Gender of Respondent 1.743 0.420 <0.001* 5.717

Household size 0.457 0.404 0.258 1.580

Education level 0.361 0.423 0.394 1.435

Monthly income −1.234 0.420 0.003* 0.291

Residence time in the village 1.855 0.413 <0.001* 6.393

Head of household 1.314 0.419 0.002* 3.720

Marital status 0.458 0.418 0.273 1.582

Constant −3.318 0.688 0.001 0.036

Asterisk indicates significant factors at p < 0.05, Standard Error (SE),
regression coefficient (β), a negative sign (−) of β indicates a decrease
in the odds of respondent’s willingness to engage in water quality
monitoring (Exp(β) with a unit increase in the variable
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if we participate in citizen science activities, we expect
our people in this village to participate in decision
making concerning our waters and no one else to
decide for us” (KIIs/Ujiji).

Incentives for Engagement in Citizen Science Water
Quality Monitoring Activities

Results from individual surveys revealed that cash incen-
tives were the most preferred incentive for participation
(68% and 74.5% for citizen scientists and non-citizen sci-
entists respectively) (Fig. 5). On the basis of the results from
FGDs and KIIs, it was also confirmed that cash money was
the highest ranked incentive for participation in citizen
science water quality monitoring activities for both citizen
scientists and non-citizen scientists (Table 4).

Sustainability for Citizen Science Water Quality
Monitoring Activities in the Study Area

Our study reported that, community members in Lake
Tanganyika were willing to continue monitoring water

quality in Lake Tanganyika over the long-term. Sharing
water quality results with other community members was
cited as the important sustainable way with higher mean
score (4.2 ± 0.73 and 4.0 ± 0.83 for citizen scientists and
non-citizen scientists respectively) (Table 5). These results
were also evident in the FGDs and KIIs:

“Sharing is caring, to my side I would like to share
water quality data obtained from my research to other
fellows in the community. By this way I believe that,
other people and their families will be interested and
attracted and join in future aquatic research activities
as I do”, (FGDs/citizen scientist/Ilagala). Similarly,
one of the environmental officer indicated that, “if you
want to make this citizen science monitoring approach
sustainable in this area, people who are already
citizen scientists must first share what they have
achieved in their monitoring with other communities
to raise awareness of what is happening in the
environment and the word will spread all over the
society, and more people will be ready to participate
in the upcoming citizen science activities” (KIIs/non-
citizen scientist/Kibirizi).

Discussion

Influence of Socio-demographic Characteristics

Socio-demographic characteristics were the most impor-
tant predictor of willingness to participate in citizen sci-
ence activities. The older the person, the more likely is
he/she is likely to engage in citizen science activities. In
our study, this was confirmed as most respondents
between 29–39 years old (70%) were willing to be
involved in future citizen science activities. People of this
age have families as well as the time and energy to
contribute to managing their environment. Our study
supports previous studies done by Musyoki et al. (2016),
where family aged participants (36–50 years of age) were
the most (41%) willing to participate in Community
Forest Associations to improve forest cover and liveli-
hood in Kenya as well as other studies showing this age
groups as more concerned with the environment (Howard
and Parsons, 2006; Wiener et al., 2016). We note that the
snowball sampling method used to recruit non-citizen
scientists presents a bias reflecting the social network of
the original citizen scientists that were originally ran-
domly selected (Marcus et al., 2017).

Men had a higher willingness to participate in citizen
science activities. Men are traditional breadwinners in
most families in Tanzania, and tend to participate more in
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environmental stewardship to secure livelihood of their
families (Nyangoko et al. 2022). In the present study, we
observed that men were more often the family and society
decision makers compared to women, as also seen by
Tindall et al. (2003). Women are more likely to express
concern for the environment but less likely to be involved
in environmental activism and less likely to express their
willingness to participate. This is also supported by the
result that being the head of household had a positive
influence on individual willingness to participate in citi-
zen science. Being the head of household increases the
need to find options to increase the family quality of life,
of which the environment is important. Komba and
Muchapondwa (2017) reported that being household head
also increased willingness to participate in Reducing
Emissions from Deforestation and forest Degradation
(REDD+) programmes in Tanzania.

Interestingly, people with a low monthly income were
more likely to be willing to participate in citizen science
activities. This influence maybe linked with either the
intention to increase their income through participation in
citizen science or because they desire to protect their
environment and increase their quality of life but have
limited options, as suggested by Shao et al. (2018).
People with higher incomes might recognise that they
have more capacity to protect themselves and their
families from environmental threats (Zheng and Kahn,
2008).

Education level was not a significant factor for partici-
pation. It should be noted that this may the result of the
limited variance of the participating population, typical of
the population of these villages, dominated by a single
education level (primary) (67%). Many studies have shown
that literate people are more aware of potential benefits
obtained from well-managed water resources (Musyoki
et al., 2016). Education improves the development of gen-
eral knowledge, and consequently, the understanding of
one’s responsibility towards the environment.

We also observed that key informants play an important
role in mobilizing participation in citizen science (Van De
Gevel et al., 2020), In several villages, fisheries officers
were instrumental in mobilizing people to participate in the
project activities.

Citizen Scientists’ Motivation

Improving individual reputation and learning new skills
were the most prominent motives for citizen science
participation (West and Pateman, 2016). These more
egoistic motivations were different than previous studies
(Geoghegan et al., 2016; Maund et al., 2020; McDougle
et al., 2011) associating participation to more altruistic
interests. For example, the study by Moczek et al. (2021)
showed volunteers were largely driven by altruistic
motivations like social responsibility and nature con-
servation values, while egoistic functions like

Table 4 Qualitative summary
from FGDs and KIIs of the most
preferred incentives for
participation in citizen science
water quality monitoring
activities in the study area

Rank Citizen scientists and non-citizen scientists’ groups preferred incentives

(Arranged from the most
important to the least important)

Cash money

Caps, T-shirts, pens, pencils, bags, thank people verbally, prizes,
construction of community based environmental monitoring offices,
schools and road constructions.

Thermometers, water test-kits, turbidity tubes, waterproof research
proofs, raincoats, gloves, smartphones, notebooks, cameras and
watches.

Workshops, scientific meeting invitations.

Table 5 Approaches suggested to ensure sustainability of citizen science water quality monitoring based on individual surveys in the study area
(mean score ± standard deviation)

Statement Citizen Scientists (CS) Non-Citizen Scientists (Non-CS) Overall

Sharing water quality results with other community members 4.2 ± 0.73 4.0 ± 0.83 4.1 ± 0.14

Sharing the experience of doing science to other who don’t participate
yet

3.68 ± 0.58 3.58 ± 0.54 3.63 ± 0.07

Providing/sharing information 3.38 ± 0.76 3.63 ± 0.79 3.505 ± 0.17

Collaboration with other citizen scientists 3.0 ± 0.95 2.44 ± 1.0 2.72 ± 0.39

Continue monitoring and inform decision makers 2.75 ± 0.67 2.27 ± 2.77 2.51 ± 0.33

Accompany the researcher on future scientific activities 2.3 ± 0.57 2.87 ± 1.1 2.58 ± 0.4

Bold values within rows show significantly different responses between participating citizen scientists and non participants (p < 0.05). Likert score
scale: 1 = very low importance, 2 = low importance, 3 medium importance, 4 = high importance and 5 = very high importance
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enhancement, work-life balance, and career motivation
received the lowest levels of agreement.

Our study showed a desire to be included and contribute
to scientific research can drive people towards environ-
mental activism. These results were similar to those repor-
ted by other studies (Curtis, 2015; Domroese and Johnson,
2017; Raddick et al., 2013b). This suggests that program
design should make clear the significance of participants’
contributions, demonstrating the extent to which their data
contribute to positive environmental actions (Land-Zandstra
et al., 2016).

Our study revealed that most of the respondents (citi-
zen scientists and non-citizen scientists) were looking for
income generation from participation. This is a clear
difference with most stuedies exploring participation in
citizen science in developed countries. However, similar
findings were also reported by Paul et al. (2020) in Nepal,
who showed that nearly all participants referred to
financial compensation as the greatest source of motiva-
tion for contributing to rainfall monitoring, and in the
study by in Larson et al., (2016) in Sierra Leone where
nearly half of citizen scientists mentioned financial
compensation as a major motivation for environmental
activities. The difference in living standard and economic
status between respondents in different studies clearly
influences this divergence. In developed countries, peo-
ple can consider citizen science as an opportunity to
spend time in nature with their families and friends and
increase their relationship with natural environment
(Rotman et al., 2014). Our study suggests that for people
in low-income countries, this opportunity is less
important.

Citizen scientists involved in Lake Tanganyika water
quality program were given a limited monetary incentive to
buy airtime vouchers, necessary for data transmission.
Although monetary incentives can increase extrinsic moti-
vation, if the amount is too high, citizen scientists may
regard this incentive as a control factor with impacts on self-
esteem and self-determination (Capdevila et al., 2020). Our
results are in-line with those of Restuccia et al. (2016) who
suggested that, to encourage as many actors as possible to
engage in environmental activities, multiple compensation
models should be considered, not only monetary, such as
attractive resources such as T-shirts, caps, prizes, certificates
and shop discount cards.

Sustainable Citizen Science Water Quality
Monitoring in Lake Tanganyika

Considering the limitations to water quality monitoring in
developing countries like Tanzania, a citizen science
approach presents benefits to agencies as well as the
participating communities. Our study identified that a key

motivation for participation was knowledge sharing of
the results with others, suggested by both citizen scien-
tists and non-citizen scientist respondents. This implies
that through experience sharing, citizen scientists pass
knowledge among their friends, family, and colleagues
by discussing the issues they care about through a wide
range of social linkages, generating an extensive impact
(Dean et al., 2018; Johnson et al., 2014). When citizens
produce and gain scientific knowledge about the envir-
onment, they have the opportunity to transform their own
relationship with nature and ensure sustainability of
monitoring initiatives (Johnson et al., 2014). This was
particularly relevant in the present study, as participants
cited the importance of their involvement in environ-
mental decision-making processes as a result of their
activities as citizen scientists, also noted by Pocock et al.,
(2019).

Conclusions

The socio-demographic characteristics were found to be key
factors in individual willingness to participate in citizen
science activities. For proper recruitment and retention of
citizen scientists in ongoing and future monitoring activ-
ities, participants with families, head of households and
individuals with low monthly income present the most
willing participants.

To support motivation, citizen science projects should
connect community members to scientists and specify their
contribution to new scientific knowledge. The significance
of citizen scientists contributions should be demonstrated,
showing the extent to which their data and observations
contribute to lake management and meeting water quality
monitoring goals (Lee et al., 2018).

While any one citizen science project may not accom-
plish all the participants’ expectations, integrating the
expectations of participants within the project design is
recommended. Identification and provision of incentives
will facilitate participation and favor their long-term parti-
cipation (Bonaccorsi and Rossi, 2003).

Citizen science programs in developing countries should
take into account monetary incentives, but not only, as
many of the same incentives shown to be important in
citizen science in developed countries were also identified
in the present study.

Data availability

All citizen science data are open data, available on the
FWW website https://www.freshwaterwatch.org/. All sur-
vey and questionnaire data are available from the corre-
sponding authors on reasonable request.
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Appendix 1: Motivational Factors for participation in citizen science Water Quality
Monitoring (Individual Questionnare survey)

Theme 1: Socioeconomic characteristics of respondents (please, circle the relevant answer)
1. Gender
1 = Male 2 = Female
2. How old are you?
1= 18–28 2= 29–39 3= 39–49
4= 49–59 5= 60–69 6= >69
3. What is your highest level of education?………………

4. Head of household?
1 = Yes 2 = No
5. Main economic activity of the household head
1= 1 = fishing 2 = Agriculture3 = small business
4 = fisheries officer 5 = village leader 6 = fish processor
7. = Environment officer 8 = others, specify
6. Number of household members…………..….
7. Your daily use of Lake Tanganyika……………….., …………….., ……………………..
8. What is your main economic activity (if different from head of household)?
1 = fishing 2 = Agriculture 3 = small business
4 = fisheries officer 5 = village leader 6 = fish processor
7. Environment officer 8 = others, specify
9. How much is your monthly income? (T.shs)
1 = less than 200000 2= 200,000–300,000 3 = More than 300,000.
10. Do you know how to use smartphone?
1 = yes 2 = no
11. Do you own a smartphone?
1 = Yes 2 = No
12. Do you have frequent access to the lake shore?
1 = yes 2 = No
13. Are you a member of any organization?
1 = yes 2 = No
14. If yes please mention the organization you are involved………………………….
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Theme 2: Motivation factors for participation in citizen science water quality monitoring.

15a). Are you willing to participate in citizen science based water quality monitoring in your area?[] Yes [] No

15b). If No, why?……………………………………………………………………………………………………

If you responded to “Yes” in the above Question
Please rate each of the following motivations according to how important they are to your willingness to support and

continue your participation in citizen science water quality monitoring on Lake Tanganyika.
1= very low importance 2= low importance 3=medium importance 4=High importance 5= very high importance

Statement Rank of how important

16. To contribute to scientific research activities 1 2 3 4 5

17. It’s my hobby to do such kind of activities 1 2 3 4 5

18. Providing/sharing information is interesting to
me

1 2 3 4 5

19.a). I expect something in return from the
researcher:

1 2 3 4 5

19.b) What do you expect in return for conducting such activity?…………………………

20. To interact/network with researchers and
professional scientists

1 2 3 4 5

21. To interact/network with the community
members

1 2 3 4 5

22. To help the researcher to get his/her research
done

1 2 3 4 5

23. If you have other motivation factor apart
which is not mentioned above, please specify

………………………………………………………………………………………………..

24a. If you are asked to share information about water quality in your area in the future, would you expect recompense?
Yes [] No []

24b. If yes, what kind of recompense? Specify …………………….………………………………

25a. Would you like to make water quality monitoring citizen science sustainable in Lake Tanganyika and other
surrounding water bodies. Yes [] No []

25b. In case of “yes”, how could you make it sustainable? Rank from the most important statement to the least important
(1=Not important at all, 2=Not important 3=Neutral 4= Important 5=Very important)
[] Give more information and instruction about my participation in water quality monitoring.
[] Sharing my environmental results with others
[] Collaborate with others who participate in Lake Tanganyika citizen science
[] Explain the experience of doing science to others who don’t participate yet
[] Accompany the researchers on other future scientific activities (e.g. to go to a new community and explain the results)
[] Somethings else: …………………………………………………………………………

Appendix 2: Motivational factors for participation in citizen science water quality monitoring
(Focus Group discussion checklist Questions)

Part 1: Citizen scientists

1. How far do you understand about water quality conditions in Lake Tanganyika?
2. How far are the community members in this area are willing to monitor water quality?
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3. What are the motivational factors for participating in citizen science in your area?

4. What is the people expectation for involving in citizen science what quality monitoring in Lake Tanganyika?
5. What kind of incentives would you prefer most for involvement in water quality monitoring?
6. How would citizen science groups in Lake Tanganyika villages ensure the sustainability of citizen science approach in

monitoring water quality?

Part 2: Non-citizen scientists

1. How do you know about citizen science water quality monitoring in your area?
2. Would other people in this area who are not part of water quality monitoring program willing to participate in the

future citizen science programs?
3. What do you think are the most motivation factors for them to participate in Lake Tanganyika water quality

monitoring?
4. What type of incentive will be appropriate for them for participating in the program?
5. What do you think are the most ways of making this citizen science approach more sustainable in Lake Tanganyika

and other waterbodies?
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