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Using choice modelling to identify popular and affordable alternative interventions for 

schistosomiasis in Uganda 

 

Abstract 

 

Schistosomiasis is a neglected tropical disease (NTD) caused by a vector-borne parasite, 

commonly found in low- and middle-income countries. People become infected by direct 

contact with contaminated water, through activities such as bathing, swimming and fishing. 

Water becomes contaminated when human waste is not adequately contained. Our paper 

elicits community preferences towards alternative water access, sanitation and hygiene 

(WASH) interventions that would reduce individuals’ risk of contracting, or transmitting, 

Schistosoma mansoni. We administered a discrete choice experiment (DCE) to understand 

community preferences for improved WASH interventions. We compared interventions that 

target behaviour that puts oneself at higher risk (e.g. contact with contaminated water) with 

interventions that target behaviours that mainly put others at risk (e.g. open defaecation). 

We used both willingness to pay (WTP) and willingness to work (WTW) to quantify what 

individuals are willing to give up to reduce risks to themselves and others. We also quantify 

the compensating surplus arising from different packages of interventions. Key findings 

indicate that new sources of potable water are the highest valued risk-to-self (RTS) 

interventions, whilst fines on open defection are the highest valued risk-to-others (RTO) 

intervention. A large portion of our sample ignored the payment vehicles: identifying such 

responses is important for policy analysis.  
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1. Introduction 

 

In Uganda, as in many low- and middle-income countries (LMICs), families face 

significant daily problems related to water access, sanitation and hygiene (WASH). In poor 

rural areas, access to safe water is often financially, temporally, or logistically costly, if 

available at all, and many families rely on lakes and rivers for their daily water needs. These 

waterbodies are often contaminated by a range of organisms detrimental to human health, 

often due to limited sanitation resources. Even when sanitation is in place, it is often of poor 

quality, and does not fully contain human faeces. This results in faecal contamination of 

farming lands, fields, public areas and the same waterbodies that are used as sources of 

water supply. A lack of safe-water access and sanitation inevitably leads to increased 

prevalence of many water-borne diseases.  

Using a stated preference discrete choice experiment (DCE), this paper examines 

preferences for interventions that would improve sanitation and access to safe water in 

rural Uganda, specifically those which may help mitigate transmission of, and individual 

exposure to, schistosomiasis. Schistosomiasis, colloquially known as bilharzia, is ubiquitous 

among rural lakeshore communities in Uganda (Kabatereine, Brooker, Tukahebwa, Kazibwe, 

& Onapa, 2004). Schistosomiasis is a vector-borne parasite that infects humans through 

direct contact with contaminated water. Schistosoma mansoni larvae in the water burrow 

directly into the skin, develop into adult worms, which then pair up and produce eggs which 

are then excreted out in human faeces. Transmission (described in more detail below) is 

therefore maintained through open defecation, and inadequate containment of faeces 

(Loewenberg, 2014). Due to the lack of sanitation and hygiene resources in many parts of 

Uganda, especially in rural communities, 55% of the population is at risk of contracting this 

disease (Loewenberg, 2014). The parasite causes abdominal pain, malnutrition, anaemia 

and inflamed liver and spleen (Grimes et al. 2014). Left untreated it can cause more severe 

health problems such as liver failure and kidney cancers and up to 200,000 deaths/year, and 

can reduce cognitive development, work performance and general quality of life (Secor, 

2014), exacerbating the poverty cycle.  

The World Health Organization recommended repeated mass drug administration  

(MDA) with the drug praziquantel to prevent severe morbidity, with targets of 75% coverage 

needed for disease control (WHO, 2013). However, despite over a decade of mass drug 

administration, schistosomiasis continues to be a problem in many African communities. 

The intricate life cycle of schistosomiasis, coupled with the ease with which humans are 

infected and re-infected post treatment, makes new WASH interventions imperative to 

reduce, and ultimately eliminate, schistosomiasis from communities across Africa. The new 

WHO 2021-2030 NTD Roadmap now recommends WASH interventions be combined with 

MDA to reach these goals (WHO, 2020).  The 75% coverage targets for MDA have rarely 

been met (Adriko et al., 2018). When new WASH-based interventions are recommended, it 

is vital that they can achieve the level of coverage required to be successful. This study is 

focused directly on identifying which WASH-based interventions might be popular and 

affordable and therefore sustainable, and likely to reach the needed coverage targets, pre-

empting the challenges that MDA has seen since its wide-spread inception from 2002 

onwards.  
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This study is novel in several aspects. First, few DCE studies examine the link between 

water quality and human health in low-income countries. Much of the DCE literature in such 

countries focuses only on improved drinking water quality (e.g. Abramson et al. 2011 on 

access to potable water; Gibson et al. 2016 on cancer risk due to arsenic in water). Our 

research included preferences for improved water services, but also other interventions, 

such as better sanitation and health education. We collected choice data from households 

in three remote villages in the Mayuge district of Uganda, located on the shore of Lake 

Victoria with schistosomiasis prevalence rates of ~75% in adults and ~90% in children 

(Chami et al., 2015). Second, all respondents saw two sets of choice cards which presented 

different intervention types, allowing us to compare choices across different risk domains. 

We categorise these two interventions as targeting either behaviour that puts oneself at risk 

(e.g. fetching lake water) or behaviour that puts others at risk (e.g. open defecation). Our 

analysis includes two important variables related to each risk domain: one’s knowledge 

regarding the risk of infection/transmission and one’s participation in 

exposure/transmission risk behaviour.  

Third, we built on the current DCE literature by contrasting willingness to pay (WTP) and 

willingness to work (WTW) approaches. We have published comparisons on using money 

versus labour payments in these communities and how to transform these non-monetary 

values into monetary values (Meginnis et al. 2020). Here we incorporated both monetary 

and labour payment attributes for both risk domains, such that individuals were making 

trade-offs between money and time within each choice set. By including two payment 

vehicles within the same DCE we were able to make a unique comparison of respondents’ 

preferences for contributing time or money towards interventions with mostly private 

benefits (i.e. reducing Risks to Self (RTS)) and those with more general community-wide 

benefits (described from here onwards as reducing Risks to Others (RTO)). This enabled us 

to compare and contrast the value that local people put on improvements to these two 

different domains of risk. We explore links between disease knowledge, socio-economic 

factors and WASH behaviour choices to better understand preference heterogeneity and 

the factors determining support for different interventions.  

The remainder of this paper is structured as follows. Section 2 outlines the background 

of our study by outlining the problem of schistosomiasis, caused by Schistosoma mansoni, in 

Uganda and the need for improved WASH interventions; explores some of the existing 

literature on choice experiments in LMICs; and describes the setting of our study. Section 3 

outlines our experimental design. Section 4 outlines the methodology of our Equality 

Constrained Latent Class model and the results are presented in Section 5. A discussion 

follows in Section 6, and the paper is concluded in Section 7.  

 

2. Background 

 

2.1  Parasite life cycle and need for improved WASH infrastructure and 

behaviours 

 



WORKING PAPER DO NOT CIRCULATE WITHOUT AUTHORS’ PERMISSION 
 

The life cycle of S. mansoni, requires both a mammal, in this case humans, and 

freshwater snails, Biomphalaria spp, as hosts.1 When a human enters infected water, 

schistosome cercariae penetrate the skin and find their way into the bloodstream and reside 

in the capillaries surrounding the intestines. Male and female worms pair-up and sexually 

produce eggs. Eggs are excreted in the human stool. If eggs reach bodies of fresh water, 

they hatch into miracidia. Miracidia infect the intermediate host: freshwater snails. The 

schistosomes reproduce asexually in the snail with one miracidia capable of developing into 

thousands of cercariae. These cercariae are released into the water and burrow directly into 

human skin to complete the life cycle. 

  

Figure 1 - Life Cycle of Schistosomiasis Parasite2 

 
 

 

In endemic communities, the parasite is particularly difficult to avoid; individuals are at 

risk of infection simply by contact with infected water, for example whilst performing daily 

routines such as fetching water, washing clothes, bathing or whilst working (for example 

fishing). In these poor rural communities, there is a severe lack of sanitation (WHO, 2013), 

meaning that even if an individual knew how to reduce disease transmission, they are not 

always in a position to do so. The complexity of improving sanitation in these areas is 

multifaceted. Issues range from water tables too high for deep pit latrines, lack of space to 

build private latrines, landlords not required to provide toilets and tenants not able to build 

them, lack of funds and space for emptying current and building further community latrines, 

lack of community resources or ownership for toilet maintenance, safe access etc. It is rarely 

 
1 There are many types of Schistosoma spp which cause schistosomiasis. This study focused only on 
Schistosoma mansoni. Hereby, schistosomiasis means the disease only caused by Schistosoma mansoni.  
2 Source: Centres for disease control and prevention 
https://www.cdc.gov/parasites/schistosomiasis/biology.html 
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as simple as building more latrines. Our study explored individual preferences for new 

interventions in order to aid the focus of future policy interventions given these constraints.  

The World Health Organization’s recommended approach to tackling schistosomiasis has 

been through mass drug administration (MDA) of praziquantel, which kills the majority of 

adult worms living within the human body. Praziquantel treatment does not, however, 

prevent re-infection, which can occur rapidly upon contact with infected water. For 

example, 50% of school-aged children were reinfected post MDA treatment within 40 days 

(Trienekens et al., 2020). Furthermore, in a study conducted in fifteen villages in the Koome 

Islands of Uganda on Lake Victoria, it was estimated that only around 45% of individuals had 

taken praziquantel in the latest MDA, (Tuhebwe et al., 2015). In high prevalence areas such 

as these, the World Health Organization’s target of 75% MDA coverage are often being 

missed (Adriko et al., 2018; Binder et al., 2020; Coulibaly et al., 2018; Knopp et al., 2016). 

Mass drug administration often fails to meet targets due to the transient lifestyles of at-risk 

individuals (e.g. fishermen), reluctance to take the drug, lack of education (specifically MDA 

education), inequalities in the distribution process, and drug shortages (Tuhebwe et al., 

2015). Additionally, large proportions of the population are systematically not being offered 

the drug, or were away during the MDA (Adriko et al., 2018). Despite more than 10 years of 

MDA, schistosomiasis continues to be a threat in these communities and further 

interventions are urgently needed, especially if we are to meet the new World Health 

Organization 2030 goals (WHO, 2020).  

Due to the particular life cycle of the parasite, we see two distinct categories where 

WASH interventions are capable of being effective. First, improved safe water access can 

limit community dependence on infected bodies of water, leading to reduced exposure time 

and thus reduced risks of (re)infection to individuals and reduce the intensity of infections 

and associated morbidity. Second, improved sanitation may reduce the number of eggs that 

reach fresh water to continue their life cycle. In a review of studies from Africa, Asia and 

Brazil (the main affected country in South America), Grimes et al. (2014) found that access 

to improved water and sanitation significantly lowered the likelihood of schistosome 

(re)infection.  

We thus classified potential WASH interventions at two discrete points in the parasite 

life cycle: Risk to Self (RTS) – ‘improved water access’ and Risk to Others (RTO) – ‘improved 

sanitation’. Exposing oneself to infected water (e.g. collecting water for washing or cooking) 

is categorised as a behaviour that puts oneself at higher risk. Open defaecation puts the 

whole community, including oneself and others, at risk, as the faeces will then have a higher 

chance of reaching freshwater and sustaining the parasite lifecycle. In our experimental 

design we accounted for these two distinct behaviour groups related to two different 

aspects of benefit (mainly private for RTS versus mainly public for RTO). Since individuals are 

likely to be differently motivated to contribute for interventions which produce mostly-

private benefits compared to those producing mostly-public benefits, we anticipated that: 

(i) WTP and WTW measures would vary according to whether a RTS or a RTO intervention 

was in prospect; (ii) more specifically, the effect of higher money or labour prices on choices 

would vary between RTS and RTO; and that (iii) different factors would explain the variation 

in WTP and/or WTW for mainly-private benefits as opposed to mainly-public benefits. 
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2.1 Previous Literature 

 

We reviewed several strands of literature prior to survey implementation. First, we 

considered the literature concerning the use of stated preference choice experiments in 

LMICs. While the use of stated preferences methods is not uncommon in such settings, 

there are particular challenges of implementing the approach in low income communities. 

Mangham et al. (2009) and Bennett and Briol (2010) outline some of these, including 

assigning attributes, choosing payment vehicles, finding appropriate survey administration 

modes, and low literacy levels amongst respondents (see also Christie et al. (2012)). 

Second, it has become increasingly popular to use non-monetary payment vehicles 

when administering choice experiments in LMICs (e. g. Rajesh Kumar Rai and Scarborough 

2012; Rajesh K. Rai and Scarborough 2015; Gibson et al. 2016; Abramson et al. 2011; de 

Rezende et al. 2015; Hagedoorn et al. 2020). The approach in the literature is usually to 

randomise respondents into either receiving a monetary or a labour payment mechanism. 

These studies argue that using only monetary treatments will misrepresent the value of 

improvements to respondents who have very low income and/or who are unused to money 

as an exchange mechanism. Using an alternative payment vehicle such as labour 

contributions overcomes these problems. Labour hours can then be monetised for analysis 

to produce welfare estimates, although exactly how best this is done is much debated (e.g. 

Cesario 1976; O’garra 2009; Hagedoorn et al. 2020). 

Many of the stated preference studies related to health in LMICs are centred around 

water quality and accessibility (e.g. Abramson et al. 2011; Gibson et al. 2016; Khanh and 

Andtran Vo 2005; Vásquez 2014; Whittington et al. 2009; ). Limited economic valuation 

research has been performed that elicits preferences for other health services in LMICs. 

Baltussen et al. (2007) examined preferences for a lung health programme in Nepal, while 

Youngkong et al. (2010) examined preferences for HIV/AIDS interventions in Thailand. 

Kolstad (2011) and Rockers et al. (2012) looked at conditions required to attract health 

professionals to rural villages in Tanzania and Uganda, respectively. The aforementioned 

studies looked at drivers of preferences that went beyond higher pay, such as incentivising 

respondents with new infrastructure, further education and other non-financial incentive 

mechanisms.  

Our study adds to the DCE literature in LMICs by asking respondents not just about 

water quality, but also about other health practices, specifically preferences for water 

access, sanitation and hygiene. Furthermore, we add to the DCE literature by including both 

labour and money as payment vehicles in the choice cards. In order for projects to be 

sustainable in the long run they must be community driven and supported (Sawyer, 

Simpson-Herbert, & Wood, 1998). One way this can be achieved is though ownership and 

responsibility over interventions, which we hypothesised could be achieved through 

contributing both time and money towards development options. Meginnis et al. (2020) 

explore the use of money versus labour payments in these communities in more detail: here 

we focus on comparing respondents’ preferences for RTO with RTS interventions. 

 

2.2 Description of study communities 
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Our study was conducted in three rural communities in the Mayuge district of Uganda: 

Bugoto (A and B)3, Musubi and Bwondha, all located on the shores of Lake Victoria. This 

district lies south-east of the capital Kampala and consists of seven sub counties and 289 

communities. The latest census data show that 2,472 and 1,221 individuals live in Bugoto A 

and B respectively; 3,560 live in Musubi; and 14,649 live in Bwondha. 

Many households living in this area rely on water from the lake for domestic chores (e.g. 

washing, cooking, bathing) as well as for their livelihoods (e.g. fisherfolk, almost exclusively 

fishermen, or clothes washers, predominantly washerwomen, known as dhobies). Water 

sources that are considered safe include taps that provide filtered lake water, or boreholes 

and wells, which both provide access to groundwater. Currently, households can pay 

between 100-200 shillings (approximately £0.02) for a 20-litre jerry can of water at the tap. 

In addition to requiring payment, these water sources are frequently locked, broken, empty, 

far from an individual’s home, provide hard water that is difficult to lather, provide salty 

water and/or are slow running, particularly in the dry season. There is therefore a limited 

reliance on these infrastructures.  

Each of the villages have very limited sanitation in place. In Bugoto B and Musubi, many 

households have access to a private or shared latrine, with some public latrines located in 

schools and churches. In Bugoto A and Bwondha, there also exist landlord-owned latrines as 

well as some public latrines, which can be used in exchange for a small fee. These tend to be 

located on the lake shore and in public gathering places (e.g. schools, churches, market 

places). Existing public latrines, and some private latrines, are very poorly maintained, and 

may well be unsafe for the user, particularly for smaller children if the holes are too big, or 

conversely, difficult to use if the holes are too small. Therefore, even when communities 

have public and/or private latrines, many households lack access to a conveniently located, 

adequately maintained, safe, unlocked latrine.4 

  

3. Study Design 

 

To inform the survey design, rapid ethnographic appraisal fieldwork (REA) (see Bentley 

et al. 1988) was undertaken from September 2017- April 2018. Two Lusoga-speaking 

ethnographers (one male, one female) undertook six weeks REA in each community, 

collecting data through focus group discussions, in-depth interviews, guided transect walks 

and structured observation of water contact and other sites. Data from these ethnographic 

studies were directly used to inform the design of the DCEs. 

In order to understand and quantify community preferences for possible improvements 

to WASH resources, respondents were asked to complete five RTS choice tasks and five RTO 

choice tasks.5 The order of RTS and RTO was randomly assigned such that half the 

 
3 The community of Bugoto is split into Bugoto A and B. Bugoto A is on a peninsula along the lake shore and 
Bugoto B is approximately one kilometre inland from Bugoto A.  
4 Ethnographic research undertaken to inform these DCEs suggested that reasons for open defecation extend 
beyond simply access to (safe) latrines; however, access remained a key concern for study participants.  
5 For the remainder of this paper we created two heuristics for the choice experiment and called them Risk to 
Self and Risk to Others. This is a categorisation implied by the researchers to simplify analysis and discussion. 
Individuals participating in the survey were not told these categorises, simply participated in a DCE regarding 
water access and education (Risk to Self) and another one regarding latrines (Risk to Others).  
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respondents saw the RTS first and the other half saw RTO first. After the DCE tasks, 

respondents answered questions about their behaviours concerning water use and 

sanitation practices. In line with recent literature on consequentiality in stated preference 

studies (e.g. Zawojska et al. (2019), Meginnis et al. (2018)) we asked respondents to answer 

Likert-scale questions regarding the likelihood that: (i) the survey will actually be used to 

affect policy interventions; (ii) payments will actually have to be made; and (iii) labour will 

actually have to be contributed.  

 

Table 1 - Responses to Consequentiality Statements 

Consequentiality statement Unlikely Neither Likely I don't know 

How likely do you think it is that the survey will 
be used to influence future interventions? 2 6 400 13 
How likely do you think it is that you will 
actually have to pay for the interventions? 32 0 375 14 
How likely do you think it is that you will 
actually have to work for the interventions? 23 1 385 12 

 

We also asked demographic and socio-economic questions concerning daily income, 

household size, and education. The following sections explain the RTO and RTS experimental 

designs, both of which were informed from the REA research undertaken in all three of the 

villages.6  

 

3.1 Risk to Others (RTO) Design 

 

The RTO choice cards consisted of interventions associated with providing new 

public latrines, cleaner latrines and introducing fines to deter open defaecation. We 

included five attributes: 1) location of new public latrines; 2) latrine maintenance; 3) open 

defaecation fines; 4) monthly monetary cost; and 5) weekly labour contributions.  

The location of new public latrines was described to be either at the lake shore, the 

market place, or in a residential area located within 5 minutes’ walk from one’s household. 

We also included a fourth level for “no new public latrines built”. The second attribute was 

for the maintenance of latrines. From the three months of REA we undertook to inform the 

DCE design, one of the largest deterrents to wider use of the few public latrines already 

found in the villages is their poor condition. In many cases, poorly maintained public latrines 

become unhygienic, unsafe and can lead to other health issues such as hookworm and 

cholera (Still & Foxon, 2012), exacerbated by a lack of footwear for some of the children. As 

such, many members of the community described the public latrines as too dirty for them to 

want to use. In order to persuade the community to use new public latrines, we expected 

that a certain cleanliness standard must be maintained. We therefore included an attribute 

describing whether public toilets (new and existing) would be maintained at the current 

 
6 Ethical approval for the REA and DCE was granted by Research Ethics Committees of the University of 
Glasgow College of Social Sciences (400160134), the Uganda Virus Research Institute (GC127/17/06/601) and 
the Uganda National Council of Science and Technology (UNCST-SS-4241). 
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standard (labelled “low”) or that all public toilets would be maintained regularly to a higher 

standard of cleanliness, labelled “high”. 

In order to deter open defecation in line with current and past strategies identified 

during the ethnographic appraisal, we included an attribute for fines for open defecation, 

which had been suggested by many people during the interviews and focus group 

discussions. We suggested a fine be in place for open defecation within 30 metres of the 

lake.7 A second level had a fine for open defecation anywhere in the community or a third 

level had no fine for open defecation. Finally, we included two payment vehicles: money 

and labour. First a monthly payment of either 0, 1500, 3000 or 6000 shillings which equates 

to about £0, £0.32, £0.63, and £1.26, respectively. Second, we include a weekly household 

labour contribution. Weekly labour commitments ranged from 0, 1, 3 or 5 hours per week. 

Both numeraires were described as being payments per household and would go towards 

construction, maintenance, and organisation of the new investments. Table 2 summarises 

the attributes and levels for the RTO choice cards.  

  

 
7 This is to meet the WHO suggestion that in communities with large numbers of people in close confinement, 
defecation be discouraged between 30 metres of open water sites (Wisner & Adams, 2002). 
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Table 2 - Attributes and levels for Risk to Others Discrete Choice Experiment 

Attributes Levels 

Location of new public latrines - At the lake shore 
- At the marketplace 
- Residential area within 5 minutes 

from your home 
- No new public latrines 

 
Maintenance level - All latrines would be maintained to 

a high standard 
- All latrines would be maintained like 

they are now 
 

Open defaecation fine - No open defaecation within 
30metres of the lake 

- No open defaecation allowed 
anywhere 

- No fine 
 

Money (UGX per month per household) - 1500 UGX/month 
- 3000 UGX/month 
- 6000 UGX/month 
- 0 UGX/month 

 
Labour (Hours per week per household) - 1 hours/week 

- 3 hours/week 
- 5 hours/week 
- 0 hours/week 

 

A D-efficient design was generated for the choice cards in Ngene (ChoiceMetrics, 

2018). Restrictions were imposed such that attribute levels that in combination did not 

make sense were not shown on the same alternative. Similarly, all new investments were 

restricted to either cost money or time, or both: there could not be an intervention that was 

completely free. Each choice card had two policy interventions and a third option where no 

new interventions were implemented, involving zero additional cost. As most members of 

the communities surveyed had only limited literacy, pictures, rather than text, were used in 

the choice cards. We ensured that respondents were familiar with pictures from earlier 

descriptions read and explained to them by the enumerators. In each choice card, 

enumerators described every alternative by explaining the provisions shown through the 

pictures. The third option was always presented as creating no new interventions. Figure 2 

shows an example choice card from the RTO choice sets.  
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Figure 2 - Risk to Others Example Choice Card 

 
Note: Option 1 involves: new latrines to be in the residential area within 5 minutes from your home, all 

latrines would be maintained to a high standard, fines for open defaecation anywhere, 3000UGX/month, and 0 

hours/week. Option 2 involves: new latrines at the market place, all latrines would be maintained like they are 

now, fines for open defaecation within 30 metres of the lake, 3000UGX/month, and 5 hours/week. Option 3 is 

translated as “I prefer none of these options”.  

 

 

3.2 Risk To Self (RTS) Design 

 

Lake Victoria and other fresh water bodies are the centre of life in these communities. 

Individuals are put at risk of contracting schistosomiasis when they wade into Lake Victoria 

to collect water for domestic chores (e.g. cooking, cleaning, laundry) and personal hygiene 

(e.g. bathing). Water is also used for washing young children in basins, cleaning motor bikes, 

fishing, farming, and making bricks, activities which further endanger individuals. The RTS 

choice cards have five attributes related to water use: 1) water source; 2) water access; 3) 

education campaign; 4) monthly monetary cost; and 5) weekly labour contributions.  

In order to reduce the reliance on potentially infective freshwater we included a ‘new 

water source’ attribute, with four improved levels. As safe tap water is currently paid for in 

the communities, people tend to limit their use for drinking as it is too costly to substitute 

this water for all water needs.8 We therefore included two levels with a new tap to be built 

where households can either fetch two 20 litre jerry cans a day, or where households can 

collect ten 20 litre jerry cans a day. We hypothesised that respondents would prefer a tap 

with a 10 jerry can restriction only if they envision using tap water for all water needs, not 

just for drinking. Two additional levels for a new water source were also included. One was 

described as a sun filtration centre where water is fetched from the lake and then brought 

 
8 This is evidenced through the initial focus group and interview data. Respondents repeatedly dismissed and 
laughed at the concept of using paid water (e.g. taps or boreholes) for all their water needs.  
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to the centre and exchanged for water which is safe for domestic chores but not for 

drinking. This is based on the evidence that leaving infected water in the sun for 24-48 hours 

kills any schistosome cercariae and is therefore safe to use with respect to transmission of 

catching bilharzia, although it is not safe to drink (Grimes et al., 2011; Morse et al., 2020). 

We specify an additional attribute level with a filtration centre that exchanges lake water for 

water which is also safe for drinking, using a more sophisticated filtration mechanism.9 We 

also include a fifth level for no new water source. 

The second attribute concerned improved access to natural bodies of water. Individuals 

currently wade into the lake to around mid-thigh in order to reach water deep enough to 

submerge their jerry cans to fill them up. This exposes them to an increased risk of infection, 

with more of their body exposed to infectious water for the duration they are in the lake. 

We therefore proposed new water access points, such as piers, that extend into the lake 

above the water. Individuals could walk along these and access lake water by leaning over 

and filling up their jerry can, reducing the contact surface area as well as the total time in 

the water. We proposed levels with either two or four new water access points per 

community. We also included a third level for no new water access points.  

A remerging theme in the initial ethnographic appraisal focus groups and interviews was 

the desire for more health education campaigns. There is mixed evidence on whether 

education campaigns have any effect on behaviour change, but there is some indication that 

education at least affects awareness (Price, Verma, & Welfare, 2015). We included three 

new levels concerning an education campaign, each varying the way information is 

presented. In these villages, past campaigns have painted murals in prominent places that 

use images to encourage healthy behaviour. We therefore included a level for a mural 

education campaign. As not all respondents are likely to have access to personal radios, we 

included a level for a public radio campaign. This would utilise pre-existing loud speaker 

systems that play daily and would communicate safe WASH behaviours. A third level 

provided monthly community talks led by village health teams; individuals would need to 

congregate at an agreed space and listen to the presentation, participate in an activity, etc. 

We then included a fourth level for no new education campaign.  

Finally, we included the same two payment attributes as the RTO. Table 3 outlines the 

attributes and levels for the RTS choice cards.  

  

 
9 This level of detail was left out of the explanations. Respondents were simply told that either water would be 
filtered such that it is safe for drinking and household chores or only safe for household chores and not safe for 
drinking.  
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Table 3 - Attributes and levels for RTS 

Attributes Levels 

Water source - Tap with 2 jerry cans 
- Tap with 10 jerry cans 
- Lake water filtration site, water 

made safe for domestic chores and 
drinking  

- Lake water filtration site, water 
made safe for domestic chores but 
not drinking 

- No new water source 
 

Water access - 2 new water access points 
- 4 new water access points 
- No new water access points 

 
Education Campaign - Mural sensitisation campaigns 

- Daily public radio campaigns 
- Monthly community village health 

team talks 
- No new education campaign 

 
Money (UGX per month per household) - 1500 UGX/month 

- 3000 UGX/month 
- 6000 UGX/month 
- 0 UGX/month 

 
Labour (Hours per week per household) - 1 hours/week 

- 3 hours/week 
- 5 hours/week 
- 0 hours/week 

 

Similar to the RTO, we designed the choice cards in Ngene and included restrictions 

such that no illogical alternatives were presented to respondents. Again, respondents were 

explained the attribute levels and their associated pictures and presented two intervention 

alternatives per choice card, displayed with pictures, and one opt-out option. Figure 3 

shows an example choice card.  
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Figure 3 - Example Risk to Self Choice Card 

 
Note: Option 1 involves: lake water filtration site - water made safe for domestic chores but not drinking, 

2 new water access points, daily public radio campaigns, 3000UGX/month, and 1 hour/week. Option 2 

involves: tap with 10 jerry cans, 4 new water access points, monthly community village health team talks, 

3000UGX/month, and 1 hour/week. Option 3 is translated as “I prefer none of these options”. 

 

 

 

3.3 Data Collection 

 

In September 2018 the choice experiment was piloted by two Ugandan researchers 

familiar with the villages and fluent in the local language (Lusoga). A second pilot study was 

undertaken in December 2018 (by LM) after adjustments were made to the DCE and follow 

up questions. The full study was administered in February 2019. Five Ugandan researchers 

were recruited to administer the survey who are fluent in Lusoga and were supervised by 

one of the co-authors (LM). Researchers spent one week in training and then one month 

surveying the three villages in Mayuge. Surveys were administered on tablets via Sawtooth 

Software’s Computer Assisted Personal Interview interface. 

We surveyed 425 individuals in total. Respondents were surveyed in the villages 

proportional to their village populations, with the largest sample coming from Bwondha (n = 

247), then Bugoto (n = 130; n = 85 from Bugoto A and n = 45 from Bugoto B), followed by 

Musubi (n = 45). Respondents in each village were randomly surveyed according to a sample 

interval based on the desired sample size per village and the estimated number of 
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households in that village.10 Care was taken to survey half male and half female 

respondents.  

After the choice experiment, respondents answered socio-economic questions and 

questions about their behaviours with water use and hygiene practices. Table 4 shows the 

summary statistics.  

 

Table 4 - Sample Characteristics 

Variables Mean across sample 

Village of respondent  
Musubi 0.105 
Bugoto 0.305 
Bwondha 0.581 
Female 0.47 

Year of education  
Less than Primary 0.515 
Primary 0.38 
Ordinary Secondary 0.08 
Advanced Secondary 0.0094 
Tertiary 0.0024 
Household size 6.35 
Children under 18 3.67 
Children under 5 1.36 
Occupation†   
Fisherfolk 0.25 
Farmer 0.44 

Local Business 0.17 
Traders 0.09 
Caregivers 0.06 
Other 0.16 
Unemployed 0.04 
Daily personal income 7703 UGX ‡ 

†Individuals could report having more than one occupation and therefore this totals 

more than one. 
‡Over 14% of individuals surveyed reported a zero-daily income, and the median 

daily income was 4000 UGX (£0.87). 

   

4. Methodology 

  

Choice experiments are widely used in environmental, health and transport 

economics (Johnstone et al, 2017). The approach is based on Lancaster's (1966) theory that 

utility for a good is comprised of utility for a good’s characteristics, and McFadden’s (1974) 

 
10 Participants were read a Participant Information Sheet prior to participation, time was given for answering 
any questions participants had. If they agreed to participate, they were asked to sign (or provide a thumb print 
if illiterate) a consent form before inclusion in the study. 
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random utility theory. As such, the probability that a respondent n will choose choice 

alternative i is the probability that utility for bundle i is larger than utility for bundle j.  

 

Pni  =  Prob(𝑈𝑛𝑖 > 𝑈𝑛𝑗)     (1) 

Utility for any alternative i, shown in Equation 2, is formed of a deterministic and random 

component:  

 

𝑈𝑛𝑖 = 𝑉𝑛𝑖 + ε𝑛𝑖       (2) 

 

We estimated a multinomial logit model (MNL) such that the deterministic component was 

comprised of K non-cost attributes and an alternative specific constant, P payment vehicles.  

 

                   V𝑖 = 𝛽′xik  +  𝛿′cip    (3) 

 

Where 𝛽 is the marginal utility coefficient for k non-cost attributes (including the alternative 

specific (ASC) constant), and 𝛿 is the marginal utility for the p payment vehicles (monthly fee 

and weekly labour). The probability that individual n selects alternative i over alternative j 

can be written as:  

 

𝑃(𝑈𝑖 > 𝑈𝑗) =
𝑒𝑥𝑝(𝑉𝑖)

∑ 𝑒𝑥𝑝(𝑉𝑗)𝑗
    (4) 

 

 

 

For both the RTO and RTS models, we first estimated an MNL and then calculated the 

marginal welfare (W) for each attribute, i.e. the marginal WTP and marginal WTW, using 

Equation 5.11  

Wk = −βk/δp      (5) 

 

Where W is willingness to pay if using the coefficient on monthly fee in the denominator, or 

willingness to work if using the weekly labour coefficient.  

 

4.1 Equality Constrained Latent Class Model 

 

The MNL model assumes that every respondent considered every attribute (as well as 

assuming that preferences do not vary across the sample for each attribute). However, it is 

increasingly thought that respondents in choice experiments make use of simplifying 

decision heuristics, given the cognitive burden of fully rational choices. One such heuristic is 

to ignore one or more attributes when making choices, a phenomenon referred to as 

attribute non-attendance (ANA) (Campbell, Hensher, & Scarpa, 2011; Koetse, 2017). Given 

the possibility of this happening with our respondents, we considered an additional Equality 

 
11 Standard errors for MWTP and MWTW were estimated via the delta method.  
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Constrained Latent Class (ECLC) model for both the RTO and RTS scenarios.12 In order to 

compare the two risk domains, our analysis hinges on comparing MWTP and MWTW values; 

it is therefore imperative that our estimations are not inflated by artificially small (i.e. zero, 

or close to zero) estimations of δpi, which would inflate Wk in Equation 5.  We therefore 

specifically explored payment (both money and time) attribute non-attendance. 

To estimate an ECLC model we assume that there are four types of respondents: people 

who fully attend to all attributes, and imposed ANA in the other three classes. These 

restrictions are such that attributes which we hypothesised respondents ignored are 

restricted to zero. The parameters for the attended attributes are held constant across 

classes, such that we are accounting only for attribute non-attendance, not preference 

heterogeneity between these latent classes of respondents (Glenk et al. 2019; Koetse, 

2017).  

We explore only payment-ANA, and do not consider other forms attribute non-

attendance. This is because it is difficult to separate ANA from attribute non-importance. 

However, attribute non-importance is unlikely to be the case of the payment vehicle as 

individuals are expected to always care about the cost of an item, despite not attending to it 

in a specific choice context. Therefore for the payment vehicle, non-attendance and non-

importance are theoretically unconfounded (Koetse, 2017). We focused on three possible 

attribute non-attendance strategies: ignoring the monthly monetary costs, ignoring weekly 

labour requirements, or ignoring both. As such, we have 4 possible classes, and the 

probability that respondent n chooses alternative i is now conditional on being in class s and 

can be written as: 

𝑃𝑛(𝑖|𝑠) =
𝑒𝑥𝑝(β′𝑥𝑖𝑘+δ′𝑖𝑠𝑐𝑖𝑠)

∑ 𝑒𝑗 𝑥𝑝(β′𝑥𝑗𝑘+δ′𝑗𝑠𝑐𝑗𝑠)
      (6) 

  

The utility of the K non-cost attributes and the ASC (β) are kept fixed across the classes.13 

For classes 2-4, the respective payment attributes are constrained to exhibit a zero fixed 

marginal utility. The probability that an individual n is in class s is expressed through a 

standard multinomial logit model: 

πs =
exp(θszn)

∑ exp(θszn)S
s = 1

     (7) 

 

Where 𝑧𝑛 represents individual co-variates to include in the class membership model. We 

consider several individual covariates in our class membership model. These are outlined in 

Table 5. WTP and WTW for the ECLC models are estimated exactly as before in Equation 5., 

except should be weighted according to the percentage of respondents that attended to the 

payment attributes. 

 

4.1.1 Class Membership Variables  

 

 
12 Models were estimated using Latent Class Gold (“Latet Class Gold 5.1,” 2021). 
13 Keeping the ASC fixed was deliberate because we had levels of the ASC occurring in the non-ASC alternatives 
(i.e. zero monthly fee or zero working hours). It is shown by Glenk et al. (2015) that in this case, it is logical for 
the ASC to also be constrained across classes. 
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To estimate the ECLC model we considered several class membership co-variates as 

drivers of the class membership model (Equation 7). For each RTO and RTS dataset we 

consider two variables related to respondents’ knowledge and behaviour. In the RTO case, 

this included respondent knowledge of how schistosomiasis is transmitted and whether 

respondents engage in an activity known to put others at risk of contracting schistosomiasis. 

More specifically, this second variable captured respondents who mentioned that they 

openly defecate when they are either at home or at work. These were asked as open-ended 

questions and were coded only if respondents mentioned specific answers in their response.  

For the RTS data, we included a knowledge variable capturing whether they mention 

touching lake water as a means of how schistosomiasis is contracted. Second, we include a 

variable for submerged which indicates respondents who, the last time they were at the 

lake (or any natural water source), spent 15 minutes or more with at least their hands 

and/or feet submerged. For both risk scenarios we also included a dummy variable for being 

female and the sine hyperbolic transformation of income, as possible drivers of latent class 

membership. 

Table 5- ECLC Model Co-Variates 

Model Variable Name 
  

Description 
  

Average  
(over whole sample) 

RTO Know about S. mansoni 
transmission 

 = 1 if respondent mentioned open 
defaecation as transmission  

0.55 

RTO Open defaecation = 1 if respondent mentioned openly 
defaecating at work or home 

0.25 

RTS Know about S. mansoni 
transmission 

 = 1 if respondent mentioned 
‘Touching lake water’  

0.55 

RTS Submerge > 15 min = 1 if respondent spent more than 15 
minutes with hands or feet 
submerged at their last water visit 

0.40 

RTO + RTS Income = sine hyperbolic transformation of 
income 

8.42 

RTO + RTS Female  = 1 if respondent was female 0.47 

 

Slightly more than half of the sample mentioned open defaecation as the means by 

which schistosomiasis is transmitted. The second most mentioned response was through 

urinating in the lake (25%)14 while 33% indicated not knowing how the parasite is 

transmitted.15,16 Only 25% of the sample mentioned that they practice open defaecation at 

home or at work; however, this may be underreported due to the possible stigma of 

 
14 While S. mansoni is not transmitted through urination, another common species, S. haematobium, is 
transmitted via urine, although not found in this region .  
15 This is the percentage of respondents who said ‘they did not know’ when asked how the parasite is 
transmitted, not the percentage of respondents who incorrectly answered the question.  
16 Respondents could mention more than one method of how the parasite is transmitted, therefore this may 
not add up to 100. 
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admitting to this.17 Of those who state that they openly defecate, 42.5% indicated not 

knowing that this can cause schistosomiasis transmission.  

More than half of the respondents (55%), correctly mentioned that schistosomiasis is 

contracted through touching contaminated water. However, others stated that it is 

contracted through open defecation (25%), walking barefoot (18%), or drinking lake water 

(58%).18 A total of 40% of our sample spent over 15 minutes in the water the last time they 

visited their most frequented natural water source. Looking only at the subset of these 

respondents, about half (53.5%) correctly stated how schistosomiasis is contracted, which is 

roughly the same percentage as over the whole sample. We take the sine hyperbolic 

transformation of income to account for the 14% of respondents who reported zero daily 

income. 

5. Results 

 

Table 6 and 7 report the results from the MNL and ECLC model for the RTO and RTS data, 

respectively.  

 

Table 6- RTO MNL and ECLC models 

  Model 1: MNL Model 2: ECLC 

 �̂� 𝑊𝑇�̂� 𝑊𝑇�̂� �̂� 𝑊𝑇�̂� 𝑊𝑇�̂� 

  (st. err) (st. err) (st. err) (st. err) (st. err) (st. err) 

Location             

The Lake 1.0488 13,403 64.45 1.3526 911.1 1.42 

 (0.1299) (2989) (68.21) (0.1421) (166.4) (0.2805) 

Market 1.0491 13,407 64.47 1.2964 873.3 1.361 

 (0.1377) (2828) (66.72) (0.1449) (162.7) (0.2711) 

5min from home 1.3261 16,947 81.5 1.4885 1002.7 1.5627 

 (0.1271) (3127) (85.73) (0.1312) (178.4) (0.2984) 

Maintain 0.2755 3,521 16.93 0.3508 236.3 0.3683 

 (0.0746) (1074) (17.63) (0.0756) (63.5) (0.0994) 

Fine issued for defecation      

Within 30 meters from lake 1.2116 15,484 74.46 1.5165 1021.6 1.5921 

 (0.1097) (3356) (80.77) (0.1272) (176.4) (0.301) 

Everywhere 1.4842 18,967 91.21 1.7131 1153.9 1.7984 

 (0.1030) (3847) (98.69) (0.1168) (192) (0.3351) 

None 0.2804 3,583 17.23 0.3721 250.7 0.3907 

 (0.1566) (2184) (20.87) (0.1826) (128.5) (0.2038) 

Fee -0.0782   -1.4845   

 (0.0144)   (0.2343)   

 
17 In focus groups, participants would state they had a latrine and a fellow participant would laugh and correct 
them. This suggests a desire to be perceived as someone who does not engage in open defaecation to 
outsiders.  
18 Several of these incorrect suggestions are however transmission routes for other diseases. As this was an 
open-ended question, respondents may have mentioned more than one means of contracting schistosomiasis, 
therefore percentages do not add up to 100%.  
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Labour -0.0162   -0.9525   

  (0.0165)     (0.1672)     

Full attendance (𝜋𝑠=1)     0.0434   

Monthly fee ANA (𝜋𝑠=2)     0.0163   

Weekly labour ANA (𝜋𝑠=3)     0.0188   

Payment vehicle ANA (𝜋𝑠=4)     0.9215   

LL -1861.64     -2870     

BIC 3792.16     3698.423     

 

 

Table 7- RTS MNL and RCLC model 

 Model 3: MNL Model 4: ECLC 

 �̂� 𝑊𝑇�̂� 𝑊𝑇�̂� �̂� 𝑊𝑇�̂� 𝑊𝑇�̂� 

  (st. err) (st. err) (st. err) (st. err) (st. err) (st. err) 

New water source           

Tap 2 jerry cans 0.977 11,906 15.9 1.0959 1,631.8 2.0434 

 (0.1549) (2964) (5.073) (0.1608) (275.1) (0.3963) 

Tap 10 jerry cans 1.686 20,544 27.44 2.0319 3,025.6 3.7885 

 (0.1882) (4876) (5.073) (0.1967) (376.3) (0.6053) 

Lake filtration- non-potable -0.372 -4,529 -6.049 -0.3516 -523.6 -0.6556 

 (0.1651) (2414) (3.457) (0.1701) (261.1) (0.3333) 

Lake filtration- potable 1.013 12,347 16.49 1.3002 1,936.1 2.4243 

 (0.1700) (3472) (5.234) (0.1775) (299.4) (0.4559) 

Landing Sites 0.191 2,322 3.101 0.2132 317.5 0.3975 
 (0.0322) (674.5) (0.9142) (0.0329) (55.7) (0.0803) 

Sensitise        
Murals 0.338 4,116 5.498 0.3623 539.5 0.6756 

 (0.1163) (1737) (2.488) (0.1152) (175.8) (0.2364) 

Public radio 0.349 4,254 5.682 0.4547 677.1 0.8479 

 (0.1109) (1758) (2.484) (0.1119) (171.3) (0.2383) 

VHT talks 0.677 8,253 11.02 0.7988 1,189.4 1.4893 

 (0.1182) (2367) (3.618) (0.1196) (201.2) (0.3068) 

None -0.353 -4,303 5.748 -0. 5363 -829 -1.0381 

 (0.2350) (3631) (4.845) (0.0573) (358.4) (0.4548) 

Fee -0.082   -0.6716   

 (0.01495)   (0.0718)   

Labour -0.061   -0.5568   

  (0.0174)   (0.2377)     

Full attendance (𝜋𝑠=1)     0.1351   

Monthly fee ANA (𝜋𝑠=2)     0.0412   

Weekly labour ANA (𝜋𝑠=3)     0.0773   

Payment vehicle ANA (𝜋𝑠=4)     0.7464   

LL -1810.84     2840.895     

BIC 3705.86     3609.471     
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The marginal utility estimates for the RTO data in both Model 1 and 2 have the expected 

sign and are all significant. Interestingly, the ASC is positive and significant, signalling a 

preference for the status quo over a programme intervention. This is not the case in the 

Model 3 and 4 for the RTS data, where there is a negative and significant disutility for the 

status quo over a programme. All other RTS attributes are significant, with only the non-

potable water source exhibiting negative marginal utility.  

Looking at the WTP and WTW values from the MNL models we see unexpectedly 

large estimates. In Model 1, respondents are estimated to be willing to pay between 13,000 

and 17,000 UGX for new public toilets and between 15,000 and 19,000 UGX for the 

introduction of fines for open defecation. The median daily income was 4000UGX, therefore 

the WTP for these intervention attributes corresponds to roughly 10-15% of monthly 

income. Similarly, respondents exhibit extremely large values of WTW, reaching upwards of 

60 hours per week for various interventions. This pattern is not as extreme, but still 

worrisome in the RTS data. Respondents are willing to pay up to 20,000 UGX for new water 

sources, and willing to work 27 hours a week for a tap with a 10 jerry can allowance. 

However, these WTP and WTW estimates from the MNL model are likely inflated 

upwards by non-attendance to the fee and/or labour attributes, since the MNL model 

structure does not allow for this possibility. As the marginal utility of the payment vehicle is 

in the denominator of the WTP/WTW estimations, very small estimates for the payment 

(essentially zero) could inflate the MWTP and MWTW. It is thus interesting to compare 

these results with the ECLC model, which explicitly accounts for potential non-attendance to 

the money and time cost attributes. The ECLC model in fact shows that a large portion of 

respondents in both the RTO and RTS models were ignoring the fee and labour attributes. In 

the RTO Model 2, 92% were ignoring both the monthly fee and weekly labour attribute. Less 

than 5% were considering both payment vehicles (Class 1); an additional 1.6% were only 

considering labour (Class 2) and 1.8% were only considering fee (Class 3). In the RTS ECLC 

Model 4, a total of 13.5% of respondents attended to both cost vehicles, with 4% ignoring 

only fee (Class 2), 7.7% ignoring only labour, and 75% (Class 4) ignoring both the monthly 

fee and weekly labour payment vehicles. While the high percentage of respondents ignoring 

the payment vehicles is worrisome, it is not uncommon in the literature. Erdem et al (2015) 

found 85% cost non-attendance and Scarpa et al. (2009) found 90% cost non-attendance. 

Interestingly, none of our covariates for latent class membership were significant at the 

5% level (Appendix A and B for RTO and RTS ECLC models, respectively)19. However, in RTS 

Model 4, being female is significant at the 10% level with men more likely to be in Class 4 

(ignoring both of the payment attributes).  

 

5.1  Willingness to Work and Pay for Interventions ECLC 

We are particularly interested in comparing respondents’ preferences for 

interventions which mitigate one’s own risk of contracting schistosomiasis versus 

interventions that primarily mitigate the risk one’s behaviour causes to others. These 

 
19 We tested for a range of co-variates and found no significant predictors. We included the final set presented 
here because we had strong reason to believe that these co-variates, relating directly to the risk domains, 
gender and income, might be influential. The model is relatively unchanged with their exclusion.   
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impacts differ greatly in terms of how much of the overall benefit from a WASH investment 

accrues to the respondent: for RTS, most of the benefit is a private good; for RTO, most of 

the benefit is a public good. In order to make comparisons between the two, we first 

examine the attribute-level willingness to pay (𝑊𝑇�̂�) and willingness to work (𝑊𝑇�̂�) 

estimates for the ECLC Models 2 and 4.  

 From the WTP values, respondents were willing to pay from 900 UGX to 1000 UGX 

for new public latrines and willing to work between 1.3-1.5 hours per week for them. They 

were willing to pay a premium of around 240 UGX or work an extra 20 minutes a week for 

the latrines to be regularly maintained to the high standard. We asked respondents how 

much they agreed with the statement “public latrines are currently well maintained”. Over 

half of the sample (53%) disagreed with this statement. Our results confirm that 

respondents are willing to pay for cleaner public toilets. Respondent WTP/WTW values to 

introduce fines are almost the same, if not a bit larger, as their WTP for new public latrines 

to be built (between 1020-1150 UGX and between 1.5-1.7 hours per week). We asked 

respondents whether fines should be introduced even if no public latrines were built. Some 

88% of the respondents agreed that fines should be introduced regardless of providing new 

public latrines. This helps explain the relatively large willingness to contribute for the 

introduction of fines for open defecation. 

 Looking at preferences for interventions linked to reducing RTS, respondents were 

willing to pay between 1600 and 3000 UGX/month for new, safe and potable water sources. 

They were willing to work between 2 to 3.7 hours per week for these new water sources. 

Our results show large demand for new water interventions. Respondents were willing to 

pay around 300 UGX/month for each new landing site and work just over 20 minutes for 

them; 500-600 UGX/month and between 40-50 minutes a week for education through 

murals and public radio, but 1000 UGX/month and 1.4 hours a week if that education comes 

through village health team (VHT) talks.  

 

5.2 Scenario Evaluations 

In order to provide a more comprehensive comparison of intervention options we 

evaluated a series of possible investment programmes in WASH resources. To do so, we 

examined the compensating surplus of moving from the status quo to an RTO/RTS 

intervention programme. We considered four different intervention scenarios, comprised of 

different combinations of attributes across our experimental design. From the marginal 

utility estimates in Models 2 and 4, we looked at the resulting change in utility for different 

programmes. This was performed using the following equation, which gives the standard 

Hanemann utility difference transformed into monetary values: 

 

𝐶𝑆 =
𝑉1−𝑉0

δ𝑝
      (4) 

where 𝑉1 and 𝑉0 are the (indirect) utility from the proposed intervention and the status quo, 

respectively. 𝑉0 is therefore the utility of the combined attribute levels set to their status 

quo levels and 𝑉1 is characterised by the levels of the programme scenario. The δ𝑝 is the 

coefficient on the monthly fee (to calculate WTP) or weekly labour (to calculate WTW). 

Thus, we report compensating surplus measured both in monetary equivalents (based on 
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the parameter estimate on monthly fee), and in labour hours (based on the parameter 

estimate for labour).  
 

Table 8- Intervention Scenarios 

Attribute RTO RTS 
  Scenario A Scenario B Scenario C  Scenario D 

Location 5 minutes from home At the lake   

Maintain Yes Yes   

Fines for open 
defecation 

Everywhere 
30 metres 
from lake 

    

Water Source   Tap with 10 
jerry cans 

Lake filtration-
potable 

Landing Sites   2 1 
Education      VHT talks Murals 
 

Table 8 outlines four different combinations of attribute levels to examine 

hypothetical “intervention bundles”. Two scenarios relate to RTO and two are given for RTS. 

These scenarios varied the attribute levels to simulate what a proposed future intervention 

in these communities might resemble. WTP and WTW can only be examined by the 

different latent attribute attendance classes which considered the payment vehicles. As 

such, we can evaluate welfare gains from these interventions based on Classes 1 and 3 (for 

WTP) and for Classes 1 and 2 (for WTW). For each of the scenarios we compute the WTP 

and WTW based on Equation 5 and estimated using the delta method (Hole, 2007). We then 

look at relative values, by normalising Scenario A to 1 and looking at the changes in 

willingness to pay and work for Scenarios B, C and D relative to A (since one cannot easily 

compare compensating surplus measured in money with compensating surplus measured in 

time). These values are shown in Table 9.  
 

Table 9- Willingness to Pay and Work for a Range of Possible Intervention Scenarios 

    WTP WTW Relative WTP  Relative WTW 

RTO A 2142.2 3.3387 1 1 

 B 1918.3 2.9897 0.895481 0.895468 
RTS C 5679 7.1109 2.651013 2.129841 
  D 3622.1 4.5355 1.690832 1.358463 

Weighted   
RTO A 133.2448 0.19932 1 1 

 B 119.3183 0.178485 0.895481 0.895468 
RTS C 1206.22 1.253652 9.052655 6.289631 
  D 769.334 0.799609 5.773837 4.011675 
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The top half of Table 9 refers to the absolute WTP and WTW values as calculated 

from Table 6 and Table 7. The bottom half is the weighted WTP and WTW of only the classes 

that attended to the respective payment vehicles, and assuming that the WTP/WTW are 

zero in classes where the payment vehicle is not attended to (Glenk, Manuel, & Potts, 2015; 

Kragt, 2013) As can be seen in the respective columns, WTP for the RTS interventions is 5 to 

9 times as high as the RTO interventions. The same holds for the WTW, although not as 

large. Individuals are willing to work between 4 and 6 times more for RTS interventions than 

for RTO interventions.  

RTO interventions centre on the theme of open defecation, a problem which is 

common in part due to the lack of accessible and usable latrines, both private and public. 

Very few of our sample mentioned that they currently use public latrines: only 3.53% 

reported using a public latrine while at home and 14% while at work. Despite low usage of 

public latrines, our findings show that there is positive willingness to contribute for RTO 

interventions, but willingness to contribute levels are much larger for RTS interventions.  
 

6. Discussion 

Here we present findings on the relative WTP and WTW for WASH-based 

interventions against the neglected tropical disease, schistosomiasis, which would either act 

to reduce the risk of getting the infection (RTS) or transmitting it (RTO). Our findings show 

that the most popular WASH-based intervention is a tap with up to 10 jerry cans of portable 

water available a day, reducing RTS. This was followed by portable filrated water reducing 

RTS and fines for open defaecation, reducing RTOs. The next most popular intervention was 

the building of new latrines, within five minutes walk to one’s home, with people willing to 

pay a premium in time or money for those to be maintened. Finally education by the village 

health teams was the next popular, more so than education through murals or radio 

announcements, or new landing sites for water collection. 

One key result from the models presented above is the evidence of a lack of 

attention being paid to both the monetary and labour costs of alternative options. Since the 

MNL models do not account for this potential choice behaviour, WTP or WTW value 

estimates are biased upwards. We note that this lack of attendance to the cost attributes 

occurred despite a high level of stated belief in the consequentiality of our survey. As shown 

in  

Table 1, respondents were extremely positive in thinking the survey would be 

consequential in both outcome and payment domains. This stated belief may be an 

overestimate as these types of questions are likely to be unfamiliar to respondents; in 

addition, the fact that data were collected using in-person surveys may have led to 

respondents not wanting to be forthcoming with their disbelief of consequentiality. 

However, extreme care was taken to train enumerators to be impartial recipients of 

respondents’ survey answers. Nevertheless, we show that using an appropriate statistical 

approach – the ECLC model – we can control for attribute non-attendance, and for the 

effects this has on estimated WTP and WTW for these WASH-based interventions. When 

this was taken into account the relative money and labour contributions were brought down 

to levels that better represented community income.  
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It is also worth noting that only a minority of respondents in our survey ever selected 

the status quo in any choice task. The low number of status quo choices may indicate that 

participants were ignoring this alternative, possibly because the monetary and time costs 

were perceived as very low relative to the benefits delivered; or that they were not 

attending to the payment vehicles as discussed above. Alternatively, the low frequency of 

status quo choice could also be an indication of strong preferences for any kind of 

improvement to the severe health risks that individuals currently face in these communities, 

and the current lack of suitable sanitation. This is further evidence of payment-ANA 

(ignoring the payment vehicles) reflected by the high values of marginal WTP and WTW of 

the MNL models; respondents are showing high valuation for any type of intervention, 

ignoring the associated costs. However, it is interesting that when we weight the 

compensating surplus estimates for each possible intervention scenario in Table 9 by the 

fraction of those respondents who ignore the prices in the choice sets, the ranking of 

intervention options remains unchanged compared to the ranking without applying such 

weights. That is, the policy recommendation that an economist would make in terms of the 

priority ordering of options according to peoples’ preferences is unaffected by the 

percentage of respondents exhibiting payment-ANA, even though the absolute value of 

benefits does, of course, change. 

Finally, we note that caution should be taken when accounting for respondents’ 

willingness to provide labour for different interventions. This survey was conducted in 

February, which is the dry season. Laborious activities vary during the dry and rainy seasons. 

For example, in the rainy season, labour is relatively intensive for farmers, with crops 

requiring much more attention each day, but water collection is often easier. Whilst in the 

dry season, people can spend a good amount of their day walking to the lake to collect 

water, or queueing at boreholes or taps. Preferences of respondents, especially for 

willingness to contribute labour, may therefore vary depending on the time of year data are 

collected, amongst other factors. Our findings, with or without weighting for the payment-

ANA, do however show that the most popular interventions of either RTO or RTS as 

measured either by WTW or WTP is a tap with up to 10 jerry cans a day of portable water, 

followed by portable filtrated lake water. Of the interventions which would reduce RTOs, 

the most popular, as measured by WTW and WTP, is a fine for any open defecation, 

followed by new latrines located close to one’s home. All of the most popular interventions, 

whilst they would reduce schistosomiasis transmission, would also reduce the transmission  

of other diseases, such as diarrhoeal diseases and other faecally transmitted infections such 

as soil-transmitted helminths. Interventions that would only reduce schistosomiasis 

transmission, such as filtering and UV treating lake water were less popular. 

 

7. Conclusions 

 

This is the first paper to explore preferences for two types of interventions to 

combat schistosomiasis transmission in rural Uganda. We find that respondents are keen for 

change and were willing to pay and to work for new WASH interventions which would 

reduce health risks. Highest values were recorded for interventions to provide new supplies 
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of tap water (in RTS choices) and fines for open defecation and new public latrines (in RTO 

choices). In general, interventions which reduce risks to oneself were more highly valued 

than interventions which mainly reduce risks to other people. Respondents had a positive 

WTP for fines on open defecation, indicating a WTP for a reduction in the risks which this 

practice imposes on the community by increasing the transfer of eggs to Lake Victoria, 

however this may be strongly driven by other disease risks which arise from open 

defaecation, and not just schistosomiasis alone. We also found a positive, significant WTP 

for the provision of new public information campaigns in our case study villages to improve 

people’s understanding of the disease cycle and how people can self-protect against risks. 

Analysis of our choice data showed that many respondents appeared not to be 

giving consideration to the money and/or labour price of interventions, despite a high 

stated belief in consequentiality. This non-attendance to price led to inflated estimates of 

benefits from a simple MNL model. Using an Equality-Constrained Latent Class (ECLC) 

approach we find that (i) most respondents did not attend to money or the labour cost and 

(ii) that once one allows for this, benefit estimates for each intervention are reduced 

substantially. Using this ECLC approach, we were able to produce a ranking of alternative 

investment (intervention) packages in WASH facilities which takes this non-attendance into 

account. Stated preference studies are increasingly finding that individuals use a range of 

decision heuristics when answering choice experiments (Johnston et al., 2017). Choice sets 

are difficult to answer in nature, combining this with the LMIC context and the inclusion of 

two payment vehicles, likely created a very demanding task for respondents despite the 

careful survey development procedures used. ECLC models can help to explore the decision 

heuristics taken by respondents. However, very few DCE studies explore ECLC in a LMIC 

context. Ortega et al. (2019) use an ECLC model to explore preferences for drought risk in 

Bangladesh. However, they explore both non-attendance and preference heterogeneity, as 

such a direct comparison is not possible. They account for some cost non-attendance and 

find 16% of respondents ignoring cost.20 Further research is indeed needed to explore the 

hypothesis that ANA, specifically payment-ANA, is a likely issue in LMIC DCEs.  

Building on data on the effectiveness, cost-effectiveness, and the ease of 

implementation of different interventions, policy makers can greatly benefit from 

information from stated preference choice modelling exercises to help prioritise 

interventions including those which reduce an individual’s own risk versus interventions 

which reduce the risk an individual indirectly causes others. The WTP and WTW estimates 

for both stand-alone interventions and packages of interventions can be used by policy 

makers to rank alternatives in terms of which command greatest public support from the 

community, which we have argued is crucial to the long-term sustainability of success. By 

better understanding respondents’ WTP and WTW for different community intervention 

programmes, stated preference choice modelling can also aid policy makers to develop 

project proposals which leverage community involvement to sustain the effectiveness of 

interventions over time. Comparisons of preferences found by both the ECLC and MNL 

results can inform overall popularity of interventions as well as understanding better which 

 
20 However, in the class where cost non-attendance was examined, other non-cost attributes were also 
constrained to be zero.  
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of these will need to be supported at a district or national level versus those which could be 

sustained by community and individual buy-in.  

Indeed, to be effective in reducing schistosomiasis, interventions need to be 

regularly maintained, and therefore funded, and supported to sustain high usage levels. 

WASH interventions such as those considered in this paper will take months, if not years, to 

have an effect in the ecological life cycle and ongoing disease transmission. Future research 

could compare the effectiveness of interventions (their effects on transmission risk) linked 

with their expected uptake levels, alongside cost-effectiveness modelling. Modelling 

different intervention combinations and their effectiveness along with their expected levels 

of uptake will help to inform on popular, affordable, effective, and therefore ‘best-bet’, 

scenarios against this disease. 
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Appendix A- ECLC Membership Co-Variates RTO model 

 

  Class1 z-value Class2 z-value Class3 z-value Class4 z-value Wald 

  (st. err)   (st. err)   (st. err)   (st. err)   (p-value) 

Intercept 1.96 1.07 -4.83 -1.15 -1.45 -0.44 4.33 2.56 15.04 

 (1.8288)  (4.2128)  (3.3417)  (1.6917)  (0.0018) 

Know how schisto is spread  -0.42 -0.43 2.23 0.94 -1.60 -1.16 -0.21 -0.24 1.74 

 (0.9752)  (2.3826)  (1.3737)  (0.8782)  (0.63) 

Open defecation -1.83 -1.62 2.17 1.30 -0.20 -0.12 -0.15 -0.18 3.74 

 (1.127)  (1.6778)  (1.722)  (0.8143)  (0.29) 

Income -0.10 -0.89 0.14 0.55 0.02 0.15 -0.07 -0.71 0.89 

 (0.1079)  (0.2555)  (0.1413)  (0.0922)  (0.83) 

Female -0.94 -0.78 -0.04 -0.02 1.72 0.65 -0.74 -0.69 0.63 

  (1.2004)   (1.8018)   (2.6384)   (1.076)   (0.89) 

 
Appendix B – ECLC Membership Co-Variates RTS model 

 

  Class1 z-value Class2 z-value Class3 z-value Class4 z-value Wald 

  (st. err)   (st. err)   (st. err)   (st. err)   (p-value) 

Intercept 2.26 2.07 -4.75 -1.80 -1.02 -0.67 3.51 3.51 17.80 

 (1.0938)  (2.6457)  (1.5188)  (1.0019)  (0.00048) 
Know how schisto is 
contracted -0.51 -0.98 -0.13 -0.15 0.88 1.18 -0.24 -0.57 1.65 

 (0.5242)  (0.8654)  (0.7493)  (0.4151)  (0.65) 

Submerged >= 15 -0.59 -1.03 0.41 0.48 0.05 0.08 0.13 0.35 2.67 

 (0.575)  (0.8529)  (0.6201)  (0.3892)  (0.44) 

Income -0.14 -2.07 0.15 1.06 0.07 0.64 -0.08 -1.20 4.56 

 (0.0689)  (0.1372)  (0.1149)  (0.0638)  (0.21) 

Female -0.70 -0.85 2.93 1.37 -0.79 -0.90 -1.44 -1.91 6.40 

  (0.8247)  (2.136)  (0.883)  (0.7521)  (0.094) 
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