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Introduction 
Currently, two billion people live in an environment where recurrent water 

stress is expected, hindering sustainability and limiting social and economic 

development ( United Nations, 2018 ). An increasing water demand from the 

growing human population will further exacerbate water stress, particularly 

in certain parts of sub-Saharan Africa ( Le Blanc and Perez, 2008 ). To meet 

this growing water demand and to allocate water equitably, especially in the 

context of climate change, improvement of water management practices is 

crucial. To develop such plans and practices, comprehensive and expensive 

monitoring approaches, as well as sound data, are needed. However, studies

show that the amount of water resource monitoring networks is actually 

declining worldwide ( Vörösmarty et al., 2001 ; Ruhi et al., 2018 ). Low-

income countries, where improved water management is particularly urgent,

often lack the necessary infrastructure and financial capacities. Despite the 

increased availability of low-cost sensors, remote locations, vandalism, and 

limited capacity building impede the use of advanced technical devices. 

Remote sensing approaches have become increasingly available but are still 

not operational for small catchments. Yet, appropriate monitoring and 

management of small headwater catchments is crucial to ensure water 

supply to local communities and downstream regions. 

As conventional monitoring approaches are not always adequate or feasible 

to implement in low-income countries due to the high costs associated with 

the installation, personnel and maintenance, new ways of data collection 

need to be explored. Such methods should not rely on major investments, 
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specialized equipment, and highly trained personnel, so that monitoring 

schemes can be widely implemented with limited financial resources. In 

recent years, citizen science has increasingly been used for hydrological data

collection ( Njue et al., 2019 ). Participation of members of the local 

community in environmental monitoring offers the possibility to strengthen 

local stakeholder cooperation, while the data collected by the community 

members supports evidence-based management decisions ( Overdevest et 

al., 2004 ; Domroese and Johnson 2017 ). Additionally, community members 

can provide valuable local knowledge to support the development of 

management plans ( Whitelaw et al., 2003 ; Nare et al., 2006 ). Numerous 

studies have shown the successful integration of citizens into, for example, 

water level monitoring ( Lowry and Fienen, 2013 ; Weeser et al., 2018 ; 

Lowry et al., 2019 ; Seibert et al., 2019 ), precipitation measurements (

Reges et al., 2016 ; Davids et al., 2019 ) and water quality assessments (

Toivanen et al., 2013 ; Breuer et al., 2015 ). Furthermore, Weeser et al. 

(2019) demonstrated that data collected by citizens (crowdsourcing) were 

valuable for hydrological modeling. Supported by technological 

developments and the growing use of smartphones, there is an increasing 

number of environmental variables that can be monitored by citizen 

scientists ( Newman et al., 2012 ). Citizen science approaches have the 

additional advantage that they can easily be scaled and, therefore, generally

have a better spatial coverage than conventional measurement approaches. 

Citizen science has been identified as a highly promising tool for monitoring 

the sustainable development goals ( Quinlivan et al., 2020 ) and for 

sustainable development in low-income countries ( Pocock et al., 2019 ). 
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However, the success of any citizen science project depends on the 

willingness of volunteers to invest their time and knowledge ( Parrish et al., 

2018 ). Therefore, knowing what motivates and challenges people’s 

participation can help to design a successful citizen science project ( Shirk et

al., 2012 ). Furthermore, characterizing the socio-economic background of 

highly motivated participants is important to target the right people ( Etter, 

2020 ). Although few studies have made an attempt at analyzing the 

motivation and methods of engagement of citizen scientists (e. g., Aoki et 

al., 2017 ; Rutten et al., 2017 ; Phillips et al., 2019 ; Golumbic et al., 2020 ), 

most of these studies have focused on western countries, where the majority

of the citizen science-based hydrological monitoring programs have been 

implemented ( Njue et al., 2019 ). Because these findings might not apply to 

low-income countries due to socio-economic and cultural differences (

Hacker et al., 2017 ), we conducted a telephone survey to explore the 

motivation, challenges and socio-economic background of participants in a 

citizen science water level monitoring project in the Sondu-Miriu basin, 

western Kenya. In this case study, we aimed to identify socio-economic 

characteristics of the participants with sustained long-term engagement in 

crowdsourced water monitoring that could be used in future programs. The 

study looked specifically at motivations, challenges, and opportunities to 

improve the engagement of the local community in water monitoring to 

support sustainable water management in regions where hydrological 

monitoring is difficult. 

https://assignbuster.com/crowdsourced-water-level-monitoring-in-kenyas-
sondu-miriu-basinwho-is-the-crowd/



 Crowdsourced water level monitoring in k... – Paper Example  Page 5

Material and Methods 
Study Area and Project Background 

The Sondu-Miriu basin (3, 450 km 2 ) in western Kenya is one of the many 

river basins contributing water to Lake Victoria and the river Nile. Its 

headwaters lie in the Mau Forest Complex. With more than 40, 000 ha, this is

East Africa’s largest remaining tropical montane forest and an important “ 

water tower,” providing numerous water-related ecosystem services, such as

water storage and supply, groundwater recharge, flood mitigation and micro-

climate regulation ( Benn and Bindra, 2011 ). Large-scale conversion of 

forest to agricultural land, particularly smallholder agriculture, and forest 

degradation have supposedly led to changes in water quality and flow (e. g.; 

Mango et al., 2011 ; Defersha and Melesse 2012 ; Jacobs et al., 2017 ; Jacobs

et al., 2018 ). The Sondu-Miriu basin reaches from 1, 400 m a. s. l. at the 

outlet to 2, 900 m a. s. l. on the Mau Escarpment. Whereas the upper part of 

the basin receives 1, 900 mm rainfall per year, the lower part is a lot drier (1,

300 mm y −1 ), leading to an imbalanced distribution of water resources. As 

a result, water availability for the residents and hydropower production in 

the lower part of the basin strongly depends on rainfall and water abstraction

in the upper part. At the same time, the lower part of the basin is prone to 

flooding caused by heavy rainfall in the headwater area ( Ombogo, 2016 ). In

addition to the challenging climate variability within the basin, sustainable 

water management is further hampered by the lack of data of sufficient 

quality and spatiotemporal resolution. 

To improve the data availability and coverage in the Sondu-Miriu basin, a 

citizen science water level monitoring project was implemented in 2016. 
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Together with the local Water Resources Authority, 14 suitable locations for 

water level monitoring were selected and staff gauges were installed ( Figure

1 ). At each location, a sign with pictures and simple written instructions in 

English and Swahili on how to read the gauge and send the data was 

installed. Hence, the sign allowed passers-by and interested citizens without 

prior knowledge of the project or experience with the use of a water level 

gauge to participate. These citizens submitted data by sending a simple text 

message (SMS) containing the water level and a station code to a local 

phone number, provided on the sign. Messages were processed by a server 

infrastructure based on a Raspberry Pi 2 Model B developed specifically for 

the project (full details available in Weeser et al. 2018 ) The participant 

received a response message, thanking the sender for its contribution and 

repeating the value and site. The sending time, message and sender number

were stored in the server. 

FIGURE 1  

Map of the Sondu-Miriu basin in western Kenya, indicating the citizen science

water level monitoring stations. Coordinates are displayed in WGS 1984. 

At the start of the project, sensitization meetings were conducted with the 

help of local administration or chairperson of the Water Resource Users 

Associations (WRUAs), depending on their presence near the station. The 

establishment of WRUAs was enabled by the Kenyan Water Act ( Republic of 

Kenya, 2002 ) to support the implementation of water management at the 

grass root level ( Omonge et al., 2020 ). They are considered important to 
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reduce water allocation conflicts ( Mutiga et al., 2010 ) and enhance the 

users’ involvement and participation in setting goals and implementation of 

water management through the development of subcatchment management

plans ( Omonge et al., 2020 ). Through these subcatchment management 

plans, the WRUAs are supposed to promote sustainable and equitable water 

use, to safeguard water supply to fulfill ecological demands and basic human

needs and to improve water quality and quantity through catchment 

conservation measures ( Richards and Syallow, 2018 ). Therefore, the 

WRUAs were considered as an essential stakeholder in the project and a 

good entry point to reach community members with an interest in 

environmental conservation and management. During the sensitization 

meetings, participants were informed about the importance of environmental

monitoring and purpose of the project. Participants were also trained on how 

to read the water level gauge and how to send data to the SMS server. 

Telephone Survey 
To obtain information about the background and motivation of the 

participating citizen scientists, standardized telephone interviews were 

conducted in the first week of July 2017. We decided to use a telephone 

survey, since the telephone numbers of all citizen scientists were available 

from the SMS server. To overcome potential language barriers, a team of 

interns of the Water Resources Authority office in Kericho was engaged as 

enumerators, being fluent in Swahili and English, as well as one of the local 

languages (Luo or Kalenjin). The enumerators received training and 

conducted test calls. 
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All telephone numbers from which at least one message was sent between 

the start of the citizen science water monitoring project in April 2016 and the

30 th of June 2017 were extracted from the SMS server. The telephone 

members of project staff and employees of the Water Resources Authority 

were excluded, as well as numbers sending messages for commercial and 

other non-project related purposes. Each telephone number was called up to 

three times at different times and days until contact was established. If these

attempts were unsuccessful, the person was informed via text message 

about the survey and asked to arrange a suitable time if interested to 

participate in the survey. All participants were informed about the objective 

of the study and were explicitly asked to give consent for the storage, use 

and publication of the answers provided. No monetary incentive was offered 

for participation and each interview took about 10 min. 

The survey consisted of open and pre-coded questions and was structured in

two blocks ( Supplementary Appendix S1 ). The first block consisted of 

questions to assess the motivation, possible obstacles, and background 

information. These were structured as four open questions regarding the 

motivation (e. g., “ Why have you decided to participate?”) and possible 

obstacles (e. g., “ Did you face any challenges?”) and five pre-coded 

questions covering background information (like what kind of phone the 

participant uses and distance to the gauge). In the second block, three open 

and two pre-coded questions were asked to obtain socio-economic 

background information. Some pre-coded questions provided the possibility 

to give an open answer if the participant did not find an appropriate answer 
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within the given possibilities. The answers of the participants were recorded 

on printed, standardized survey sheets. 

Data Analysis 
The survey was digitized by entering all answers in Microsoft Excel. Answers 

from open questions were coded using the manifest message method (

Weisberg et al., 1996 ), whereby obvious themes, messages and points were

extracted from the answers and coded accordingly. For these questions, it 

was possible to have more than one answer per respondent. A dataset with 

only valid cases (i. e. survey respondents) was analyzed using R studio 

Version 2. 1. 1335. 

Engagement 

The degree of engagement of citizen scientists was assessed using two 

measures. Firstly, participants were classified according to the number of 

valid measurements sent to the SMS server between April 2016 and June 

2017. A measurement was considered valid when the site and water level 

reading could be identified from the message, either by an algorithm 

implemented on the SMS server itself ( Weeser et al., 2018 ) or through 

manual interpretation. After inspecting the dataset distribution, participants 

with 0 or 1, 2 to 9, or 10 or more valid measurements were classified as low, 

medium, and high level of engagement, respectively. 

As a second measure of engagement, telephone numbers from which water 

level measurements were submitted between the first of July 2017 and the 

31 st of December 2018 were extracted from the SMS database. If a 

participant continued to submit measurements after completion of the 
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telephone survey, the participant was classified as a long-term participant. In

contrast, participants who only submitted data before the survey was 

conducted were classified as short-term participants. 

Random Forest 

We used the random forest algorithm ( Breiman, 2001 ) to classify 

respondents as having a low, medium or high level of engagement and 

whether they were short-term or long-term engaged, based on several 

explanatory variables. The latter included source of information about the 

project, frequency of passing the station, distance to station, type of phone, 

age class, level of education and WRUA membership. 

For the two indicators of engagement (level and duration), we ran the 

randomForest function from the R package “ randomForest” ( Breiman et al.,

2018 ), creating 5, 000 decision trees using sampling with replacement and 

testing 2 variables at each node. The function calculated the out-of-bag 

(OOB) error rate, which we used as indicator for model accuracy. The 

importance of each explanatory variable was assessed with the mean 

decrease in Gini index by exclusion of the variable, as calculated by the 

randomForest function. The order of the explanatory variables based on 

decreasing Gini index value represents the relative importance of each 

variable to classify the dependent variable. Only cases without missing data 

were included in the analysis ( n = 76; 88% of dataset). The algorithm was 

run 10, 000 times, following a Monte Carlo approach, whereby the median 

values for OOB and the importance of the explanatory variables over all runs

was calculated, together with the minimum and maximum values as a 

measure of uncertainty. 
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Results 
Engagement of Project Participants 
Out of 155 phone numbers submitting a message (referred to as 

participants) between April 2016 and June 2017, 87 took part in the 

telephone survey (referred to as respondents), resulting in a response rate of

56%. Six respondents did not submit a valid measurement. For three of 

these, the site from which they sent the message could be identified. The 

remaining three respondents were classified to site “ Unknown,” together 

with other participants sending only invalid measurements without being 

able to identify the corresponding site ( n = 14; Figure 2A ). 

FIGURE 2  

Number of citizen scientists ( n = 155), classified as survey respondent (R) or

non-respondent (NR) of the survey,(A)per site and(B)by level of engagement 

in the crowdsourced water monitoring project in the Sondu-Miriu basin, 

Kenya between April 2016 and June 2017. Overall engagement was assessed

by total number of valid measurements until June 2017 (Low = 0–1, Medium 

= 2–9, High = 10 or more). Long-term engagement was assessed based on 

the contribution of additional measurements after June 2017. 

Among all participants, 67% sent 0 to 1 valid message and were therefore 

classified as showing a low level of engagement ( Figure 2B ). Nevertheless, 

11 of these participants contributed additional measurements after June 

2017, suggesting a long-term commitment to the project. In total, 83% of the

citizen scientists showing long-term commitment ( n = 23) participated in the
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survey. The response rate was highest under participants with a high level of

engagement (93%, n = 14), followed by respondents with a medium (64%, n

= 23) and low level of engagement (48%, n = 50). 

Characterization of Participants 
Only 5 women participated in the survey compared to 78 men (4 

respondents did not provide an answer), which seems representative based 

on female participation in sensitization meetings at the start of the project. 

During the sensitization meetings a briefing about the project and a short 

training was conducted with interested citizens and, where available, the 

WRUA members. The majority of the respondents were under 50 years old 

(90%, n = 76), with 34 of the respondents being 20–29 years old (

Supplementary Appendix S2 ). Three respondents stated that they did not 

have any formal education, whereas the remaining participants were fairly 

equally distributed among primary, secondary and higher (e. g., vocational 

training, college or university degree) education. 

The sign at the monitoring sites and sensitization meetings were the most 

effective methods to reach participants, with 69 respondents (79%) 

identifying these as their source of information. Eight out of 14 highly 

engaged respondents (57%) were informed through the sensitization 

meetings, whereas the majority of the respondents with a low level of 

engagement (60%) read the sign near the gauge ( Figure 3A ). Other sources

of information mentioned by the respondents included the Water 

Conservation Forum ( n = 1) and the project staff during installation of the 

gauges ( n = 1). Although only 6 of the respondents indicated to have been 

informed about the project through the Water Resources Users Association, 
https://assignbuster.com/crowdsourced-water-level-monitoring-in-kenyas-
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20 respondents stated they were members of the local WRUA. Of the non-

members, 26 were aware of the WRUA, 28 had not heard about WRUAs 

before and 13 did not answer the question whether they had heard about the

WRUA. 

FIGURE 3  

Characterization of the participants of the citizen science water monitoring 

project in the Sondu-Miriu basin, Kenya, according to different engagement 

classes, expressed as percentage of respondents within each class. The 

duration of engagement is based on whether the respondent continued 

sending data after June 2017. The level of engagement is based on the 

number of valid measurements contributed between April 2016 and June 

2017 (Low = 0–1, Medium = 2–9, High = 10 or more). n = number of 

respondents within each engagement class; WRUA = Water Resource Users 

Association. 

The observation of the water level (“ amount of water” in the survey) was 

perceived most frequently as purpose of the water monitoring project by the 

respondents ( n = 46; Figure 4A ). This was followed by monitoring for 

management and conservation purposes ( n = 27). Other perceived 

purposes included monitoring floods, rainfall patterns and the weather ( n = 

4), to determine water quality ( n = 2), to warn people for disasters ( n = 1) 

and to know about climate change ( n = 1). 

FIGURE 4  
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Respondents’ answers on(A)the perceived purpose of the water monitoring 

project and(B)their reason to participate as citizen scientist. n = number of 

responses. 

When asked about their motivation for participation, the importance of water

as a resource and the desire to assist in conservation and management of 

the resource was mentioned most frequently ( n = 27), followed by the 

willingness to volunteer or curiosity to test the system ( n = 20; Figure 4B ). 

Fifteen respondents mentioned that they participated because they were 

triggered by the changes observed in the environment and water supply 

patterns over the years. Other reasons for participation included the 

expectation to be paid ( n = 2), to assist in monitoring the environment ( n =

1), a general concern about the environment ( n = 1) and because the 

respondent previously worked with project partner German Corporation for 

International Cooperation (GIZ) ( n = 1). 

Roughly half of the respondents ( n = 46) estimated they lived within 1 km 

distance of the closest monitoring station, while 26 indicated they lived more

than 2 km away. Those living closest passed by the site relatively more 

often, with daily visits by 24 respondents living <1 km from station, 

compared to 3 living 1–2 km away and 8 respondents living more than 2 km 

away. Normal cellphones without comprehensive mobile computing 

functionality ( n = 47, 55%) were more often used to participate in the water 

monitoring project than smartphones. This was especially common among 

the older (≥30 years old) respondents ( n = 33 for basic phone, n = 17 for 

smartphone). 
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Based on the survey information, the highest level of engagement was found

for people who were 30–49 years old, with a primary school education (

Figure 3B ). Highly engaged participants were also characterized by passing 

by the station on a daily basis, living with 1 km of the station and being a 

WRUA member. These highly engaged participants mainly learnt about the 

project through the sensitization meetings. Similar socio-economic 

background characterized respondents with a long-term engagement, 

although WRUA membership was less important for this group than for highly

engaged participants and most respondents had secondary school education

( Figure 3A ). A high level of engagement did not result in long-term 

commitment, with 8 out of 14 highly engaged respondents also showing 

long-term engagement. Conversely, neither did a low level of engagement 

preclude long-term commitment: 8 out of 50 respondents with a low level of 

engagement continued sending data after June 2017. 

Challenges and Opportunities 
In total, 54 respondents (62%) indicated that they experienced no challenges

when participating in the project. Nevertheless, 25 of these respondents said

they stopped participating. Of the 33 respondents (38%) that did experience 

challenges, 16 respondents indicated they stopped participating. Difficult 

access and lack of cellphone credit (each n = 10) were mentioned most 

frequently ( Figure 5A ). The state of the gauge (either damaged or because 

the water level was below or above the gauge; n = 6) and difficulty with 

making an accurate reading due to turbulence ( n = 5) were also mentioned 

as challenges to sending data. Only one respondent indicated that further 

training was necessary. 
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FIGURE 5  

Respondents’ answers regarding(A)type of challenges experienced, classified

by whether the respondent indicated to have stopped participating, 

and(B)reason stated for stopping participation, grouped by challenge. n = 

number of responses. 

Eleven out of 25 respondents that stopped despite not experiencing 

challenges indicated to have no clear reason for stopping ( Figure 5B ). 

Absence from the area, due to, for example, living far from the station or 

temporary migration for education purposes, was another common reason (

n = 12). Other responses included a lack of communication about the project

( n = 2), loss of the phone or phone number ( n = 2) and having given the 

responsibility to another person ( n = 1). Challenges did not necessarily 

translate in a reason to stop participation. Note, for example, that out of 5 

respondents mentioning lack of cellphone credit as challenge, only one 

respondent gave this as reason for stopping. In general, experiencing 

challenges to participate was not a determinant to stop participating ( χ 2 = 

0. 012, p = 0. 913). 

The majority of the respondents indicated that more training, education and 

sensitization meetings were required to encourage more people to 

participate ( n = 58). Increased advertisement through, for example signs 

and social media was mentioned 12 times, whereas three respondents 

mentioned to encourage participation through word of mouth (e. g., 

community leaders, friends). Paying the participants was mentioned by 18 
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respondents. In addition, one respondent suggested to use a toll-free 

number, such that volunteers would not spend their own cellphone credit on 

sending data. Two respondents mentioned feedback to the community as a 

way of keeping volunteers engaged, as well as activities by project leads to 

maintain motivation after the start of the project ( n = 3). Better targeting of 

communities (those living next to the river) was mentioned once, as was 

better maintenance of the gauge. 

Explanatory Variables 
The random forest models had a moderate explanatory power for both 

duration and level of engagement. The model for the level of engagement 

had a median out-of-bag error rate of 46. 1% (range: 42. 1–50. 0%). This was

caused by high error rates for the classes “ Medium engagement” and “ High

engagement” (OOB error rate > 70%). Investigation of the mean decrease in

Gini index showed that the variable “ Phone type” was not as important as 

the other variables. A second run without this variable yielded a lower OOB 

error rate (median: 40. 3%, range: 37. 7–45. 5%) ( Figure 6A ). Especially the 

accuracy for the class “ High engagement” improved (median: 57. 1%, 

range: 57. 1–64. 3%). Respondents in the category “ Low engagement” were

best predicted, with an OOB error rate of 20. 9% (16. 3–25. 6%), but “ 

Medium engagement” still had a high OOB error rate (70. 0%; 65. 0–85. 0%).

The algorithm performed better for the duration of engagement, with an 

OOB error rate of 26. 3% (25. 0–30. 3%). However, long-term engagement 

had an OOB error rate of 93. 8% (81. 3–93. 8%), while the OBB error rate for 

short-term engagement was only 8. 3% (6. 7–13. 3%). 
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FIGURE 6  

Performance of the random forest models to predict the level and duration of

engagement of the participants in the citizen science water monitoring 

project:(A)model accuracy based on out-of-bag (OOB) error rate 

and(B)relative importance of the included variables in each model. The 

circles indicate the median value, the segments indicate the range of values 

across 10, 000 runs. 

Based on the mean decrease in Gini index, where a higher decrease indicate 

a higher variable importance, the highest level of education was the most 

important variable determining the level of engagement, followed by the 

source of information about the project and WRUA membership ( Figure 6B ).

Participants with a high level of engagement were characterized by primary 

education, WRUA membership and participation in the sensitization meeting.

The frequency of passing by a monitoring station, the distance to the station 

and the age class of the participant were less important. Regarding the 

duration of the engagement, age class, phone type and source of 

information were the most important variables, whereby participants aged 

30 to 49 with a basic phone, who were informed through the sensitization 

meeting or the sign near the gauge were more likely to participate long-

term. As for level of engagement, frequency of passing by the station as well

as distance to station were the least important to determine the duration of 

engagement. 

https://assignbuster.com/crowdsourced-water-level-monitoring-in-kenyas-
sondu-miriu-basinwho-is-the-crowd/



 Crowdsourced water level monitoring in k... – Paper Example  Page 19

Discussion 
Who Participated in Water Monitoring? 
The first aim of this study was to characterize the participants who are likely 

to be engaged with the project in the long-term. Identification of target 

groups for citizen science projects could increase the likelihood of success of 

a project ( Parrish et al., 2018 ; Füchslin et al., 2019 ). The majority of the 

respondents in our study was between 30 and 50 years old. This group also 

had the largest number of long-term or highly engaged participants. This 

evidence differs from the findings of Füchslin et al. (2019) , who found that 

older people (aged 50 and above) showed a higher willingness to participate 

in citizen science projects than younger people in Switzerland. However, 

those who showed more willingness to participate often had more free time 

(e. g., retirement or part-time work) or had a higher proximity and trust in 

science ( Füchslin et al., 2019 ). These characteristics are unlikely to apply to

the participants in the Kenyan citizen science project, due to the rural setting

where many people are dedicated to lifelong full-time farming activities, and 

many have relatively low education level (e. g., only 25 out 87 respondents 

reported having received education beyond secondary school). 

Younger people (<30 years old) were found to participate less (low or 

medium engagement level) or short-term, as observed in other studies (e. g. 

Alender 2016 ; Beza and Assen 2016 ; Etter 2020 ). Nevertheless, age class 

was a poor predictor for the level of engagement, as demonstrated by the 

low variable importance (decrease in Gini index) in the random forest model 

( Figure 6B ). A similar distribution of participants among age classes for the 

three levels of engagement ( Figure 3B ) makes it difficult to use this variable
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to assess the likelihood of an individual to be highly engaged. On the other 

hand, there was a clear distinction in age distribution between those who 

were long-term and short-term engaged, with the majority of the long-term 

engaged respondents in the 30–49 years age class and most of the short-

term engaged respondents under 30 years. 

Due to the high gender imbalance among respondents (78 men, 5 women), 

we could not properly assess the effect of gender on participation rate. There

is no clear trend on whether men or women are more likely to participate in 

citizen science projects ( Phillips et al., 2019 ), and Füchslin et al. (2019) 

found that gender was not important in determining the likelihood of people 

to participate in a citizen science project. However, the dominance of male 

respondents in our telephone survey could reflect the gender ratio across all 

participants in our project. Although a study in the neighboring Nyando basin

indicated that women were the most important collectors of water in 77% of 

the households ( Onyango et al., 2007 ) and are thus more likely to visit 

monitoring stations frequently, their participation might be limited by a 

generally lower education level ( Republic of Kenya, 2019 ). Furthermore, in 

certain parts of the Sondu-Miriu basin phone ownership for women is still 

lower than that for men ( Republic of Kenya, 2019 ), which aligns with the 

overall gender gap in phone ownership in low-income countries ( Rowntree 

et al., 2019 ). Furthermore, despite attempts by the Kenyan government to 

increase participation of women in water management by limiting the 

representation of men to two-thirds in any government arrangement 

including the Water Resource Users Associations (WRUAs), ensuring equal 

participation of men and women in barazas (community meetings organized 
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by the area chief) and other events is still challenging ( Ifejika Speranza and 

Bikketi, 2018 ). Therefore, women could be less informed about projects such

as our water level monitoring. The high importance of the variable “ Source 

of information about the project” for both level and duration of engagement 

and the majority of the highly motivated respondents having been informed 

through sensitization meetings, indicates that targeted communication could

be an important entry point to sustain participation. 

The highest completed level of education was also found to be an important 

characteristic to determine the level and duration of engagement. Unlike 

citizen science projects in India ( Johnson et al., 2014 ) and the United States 

( Domroese and Johnson, 2017 ), where the majority of the participants 

completed education beyond secondary school, respondents with a higher 

level of education in our study showed less long-term engagement and sent 

fewer data. A medium to high level of engagement was mainly found under 

respondents that had only completed primary school, whereas those 

educated up to secondary school level were more likely to be a long-term 

participant. As there are few job opportunities in rural areas in Africa, people 

with higher education diplomas likely move to towns and cities ( Ginsburg et 

al., 2016 ), and are thus unable to contribute frequently or long-term to a 

citizen science project in their rural home. 

Finally, distance to the station did not determine the level and duration of 

engagement of the citizen scientists as those living closest to the monitoring 

stations made up the highest number of respondents in each engagement 

class. Furthermore, distance to site and frequency of passing by both had a 
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low importance (low decrease in the Gini index) in the random forest model 

for both indicators of engagement. Nevertheless, the majority of the 

respondents who were highly or long-term engaged visited the station on a 

daily basis, suggesting that targeting those people who live closest to the 

station could help to ensure a good pool of volunteers. 

Why do Citizens Participate? 
Knowing the socio-economic characteristic of highly motivated citizen 

scientists is not sufficient for successful engagement of community members

in research or data collection. Adapting the rationale of a project to what 

motivates potential participants could ensure long-term participation. 

Following the framework of Batson et al. (2002) to classify motivations for 

community engagement, the majority of the respondents in our survey 

indicated altruistic and collectivistic motivations. The respondents hoped to 

contribute to water management and conservation from the viewpoint that 

water is an important resource for all and a concern triggered by changes in 

the environment (e. g. changing rainfall patterns). 

Although citizen involvement in such projects is often seen as form of 

community empowerment ( Aoki et al., 2017 ), none of the respondents 

indicated that they expected to actively participate in water management. 

Poor knowledge and information sharing on how communities can contribute 

to local water management, as enforced through the establishment of 

WRUAs could contribute to the lack of motivation to take action. For 

example, one third of the participants indicated not to be aware of the 

existence of WRUAs and thus of their roles and responsibilities. In addition, 

when asked what the purpose of sending water level data was, less than half
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of the respondents indicated purposes such as informing water 

management, conservation and flood prediction. Improved awareness about 

the relevance of monitoring the water and increased involvement of WRUAs 

in this process could help to increase the motivation to participate, as it will 

be clearer what the overall benefit of this collective action is. 

Concern about the amount or quality of the water, as well as environmental 

changes over time seemed to have triggered the majority of participants to 

take part. This concern about the environment and altruistic behavior of 

participants was also found in nature conservation and water monitoring 

projects ( Johnson et al., 2014 ; Alender, 2016 ; Phillips et al., 2019 ). In the 

context of our project, this could also be considered self-interest, because 

the participant could eventually also benefit from improved water 

management leading to better access to clean water. Unlike other studies, 

where an interest to contribute to science was found to be an important 

motivation for participation (e. g. Füchslin et al., 2019 ; Vries et al., 2019 ), 

none of the respondents mentioned this. Also, motivations related to 

principlism, i. e. the upholding of some moral principle ( Batson et al., 2002 ),

were not mentioned. Etter (2020) found that such motivations were more 

relevant in a nature monitoring project than in a water level measurement 

project, highlighting that the subject and type of citizen science project also 

plays a role in the motivation of people to participate. 

Fewer respondents mentioned self-interest motivations such as wanting to 

learn more about the water resources. Etter (2020) argues that learning is 

not as relevant in water monitoring projects, as there is less to learn from 
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simply submitting water level data compared to, for example, identification 

of plants and animals. Furthermore, Aoki et al. (2017) found that 

participation out of concern for their own environment, which applies to the 

majority of the participants in our study, was a more important motivation in 

an air pollution project in the United States than the wish to learn about the 

environment. Nevertheless, people might expect to learn something from 

participating and the failure to fulfill this expectation might lead to low and 

short-term engagement of citizen scientists. 

Why Do Participants Withdraw? 
Although the citizen science water monitoring project in the Sondu-Miriu 

basin managed to engage 155 people, only few of these participants were 

very active and kept on sending data for multiple years. Having a smaller 

group of very active contributors is not unusual in such projects (e. g. 

Domroese and Johnson 2017 ; Etter, 2020 ), but tackling the challenges 

encountered by those who stop participating could boost the feasibility of 

sustainable citizen science-based data collection. Although citizens are able 

to participate and collect relevant data, they are not always motivated. Aoki 

et al. (2017) indicate that experiencing personal consequences from the 

environmental problem that is addressed by the project is more likely to 

motivate people than a more general environmental concern. Also intrinsic 

motivation, such as having an interest in the topic or willingness to learn, 

and the fulfilment of that expectation are very important for long-term 

commitment ( Deci and Ryan, 2000 ). Nevertheless, in our study, none of the

motivations indicated by the respondents were characteristic for high or 

long-term engagement. 
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Awareness raising seemed to be important for long-term engagement of the 

participants in our project, as well as elsewhere ( Hobbs and White 2012 ). 

The majority of the highly motivated and long-term engaged respondents in 

our study indicated they heard about the project through organized 

sensitization meetings. Although word of mouth is seen as an effective 

means to reach a wider audience ( Johnson et al., 2014 ), only few 

respondents who were informed about the project by friends kept engaged 

for a long time. The same applied to those who were informed through the 

instructional sign at the station, with 75% of this group of respondents 

sending only one message. Although the sign indicated that submitting 

water level information could help the community (“ Support your 

community and take care of your water!”), the relevance was probably not 

clear enough to motivate people to continue sending data ( Pocock et al., 

2019 ). This suggests that simply knowing about the project and perhaps 

contributing a few messages without regular feedback is not sufficient to 

motivate volunteers long-term. A review by Vries et al. (2019) came to the 

conclusion that participants value accessibility of their collected data, 

communication of project findings, and acknowledgment in publications and 

that this feedback can enhance the motivation of the participants. More than

half of the respondents recommended more sensitization meetings even 

though no in-kind or monetary contribution was offered for participation. 

Additionally, they mentioned project feedback to participants and other 

project-related activities to encourage participation, which is a clear 

indication that active and continued communication with the volunteers is 

essential for a long-term project. 
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The relative simplicity of the measurement did not seem to form a barrier for

long-term participation ( Aoki et al., 2017 ). Although illiteracy could hinder 

participation, only one respondent indicated that further training was 

required. However, numerous respondents mentioned that readability of the 

gauge, vandalism and accuracy of the reading due to turbulence hindered 

participation ( n = 14) and three respondents mentioned these as reasons for

stopping to participate. These respondents mainly fell in the low level of 

engagement class, suggesting that improved gauge maintenance could 

remove a barrier for long-term participation. On the other hand, 7 out of 20 

medium or highly engaged respondents that experienced challenges 

mentioned lack of cellphone credit, although only three of these stopped 

participating for different reasons. The use of a toll-free number to submit 

measurements could address this challenge, as participants would not have 

to spend their own cellphone credit. At 1 KES (∼0. 01 USD) per message, this

might be a barrier for participation by people from socio-economic deprived 

groups ( Hobbs and White 2012 ). 

A common reason for limited engagement of citizen scientist is a mismatch 

between data collection and the expectations that citizens have ( Aoki et al., 

2017 ; Etter, 2020 ). Two respondents mentioned the expectation to be paid 

as a reason to participate, whereas four medium and highly engaged 

respondents indicated they stopped participating because they did not get 

paid. Furthermore, 18 respondents indicated that the project would be more 

successful if the volunteers would get paid, which goes against the principles

of citizen science, whereby citizens voluntarily (i. e. without in-kind or 

monetary reward) participate in scientific activities. In addition to the 
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expectation to be paid, participants might have gotten discouraged by the 

lack of other direct benefits. Those who hoped the project would lead to 

changes in the short-term, did not experience any change in water quality or

supply as a consequence of improved management since the start of the 

project. Again, targeted and relevant communication could play a role here, 

as numerous studies found that citizen scientists appreciated communication

of project findings more than receiving appreciation or recognition for their 

contribution ( Alender 2016 ; Vries et al., 2019 ; Golumbic et al., 2020 ). 

Regular feedback through meetings or social media could keep participants 

updated about the impact of their contributions and help them to see why 

continuing sending data is important. This is supported by the feedback by 

some respondents who indicated that more motivation from authorities could

help to increase participation in the citizen science project. WRUAs could 

play a big role in this, as they are most likely better embedded in local 

communities than high level authorities or international project staff. Also 

accessibility to the collected data is a good way to keep citizen scientists 

engaged ( Vries et al., 2019 ). However, this is challenging in a setting 

whereby only few people have access to internet and in the absence of a 

suitable infrastructure (e. g. WRUA offices where data could be accessed). 

Nevertheless, a user-friendly platform to share data and inform participants 

could enhance the success of a citizen science project ( Golumbic et al., 

2020 ). Also showing appreciation through “ Thank you” messages, as 

implemented in our project, could help citizen scientists to stay committed (

Lowry et al., 2019 ; Vries et al., 2019 ). 
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Recommendations 
Previous studies have shown that water level monitoring of sufficient spatial 

and temporal resolution can be achieved through citizen involvement, also in

rural areas and low-income countries ( Weeser et al., 2018 ; Weeser et al., 

2019 ). In our study, we show that there are highly and long-term engaged 

citizens that are willing to participate, but there are still challenges to 

overcome. Long-term water level monitoring through citizen involvement 

does not necessarily require a few highly engaged citizens. A larger number 

of short-term participants or people with a low level of engagement could 

also make a valuable contribution. This is facilitated by the simplicity of the 

data collection method used in the project in the Sondu-Miriu basin and the 

fact that nothing but a simple mobile phone is required, especially since 

smartphone ownership in East Africa is still limited ( Pocock et al., 2019 ). A 

toll-free number or reimbursement of cellphone credit used to submit data 

could lower the barrier for participation even further, and at the same time 

address some of the challenges mentioned by the respondents. 

Based on the results of this study, sensitization meetings are a powerful 

means to reach out to the community and engage motivated volunteers. 

These meetings should be aimed at community members that frequently 

visit the site and are unlikely to move away for jobs or education. Those who 

depend on the river as source of water for domestic use or other activities (e.

g. watering livestock) are also more likely to be concerned about their 

resource and have a higher incentive to participate. Specific targeting of 

WRUA members as existing community of people with an interest in water 

management is useful as well, as the project could address their needs (
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Golumbic et al., 2020 ). In general, active involvement of WRUAs in engaging

volunteers and communicating results back to their members could increase 

the number of highly engaged volunteers. This requires recognition by the 

local and national water management authorities, who are there to support 

the WRUAs, as the establishment of WRUAs and development of 

subcatchment management plans is still in its infancy in many parts of 

Kenya. Embedding low-cost participatory approaches in water management 

practices can also empower the WRUAs, as it would give them a means to 

collect and access data which can help in the development of their 

subcatchment management plans. This would add a clear aim and benefit to 

all community members who depend on the local water resources, increase 

the awareness of the relevance of monitoring and thus motivate people to 

participate. 
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