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Abstract

Poor sanitation worldwide leads to an annual loss of approximately $222.9 billion and is the

second leading cause of Disability-Adjusted Life Years (DALY’s) lost due to diarrhoea. Yet

in Kenya, the slow rate and levels at which the household’s access improved sanitation facil-

ities remain a concern, and it is unknown if the cost of new technologies is a barrier to

access. This study assessed the maximum willingness to pay (WTP) for SAFI and SATO

sanitation products and identified those factors that affect the willingness to pay (WTP) valu-

ation estimates by households in three counties in Kenya. It used quantitative economic

evaluation research integrated within a cross-sectional survey. Contingent valuation method

(CVM) was used to determine the maximum WTP for sanitation in households. We used the

logistic regression model in data analysis. A total of 211 households were interviewed in

each county, giving a total sample size of 633 households. The mean WTP for SAFI latrines

was $153.39 per household, while the mean WTP for SATO pans and SATO stools was

$11.49 and $14.77 respectively. For SAFI latrines, households in Kakamega were willing to

pay $6.6 more than average while in Siaya, the households were willing to pay $5.1 less

than the average. The main determinants of households WTP for the two sanitation prod-

ucts included household’s proximity to the toilet (p = 0.0001), household income (β =

.2245741, p = 0.004), sanitation product (β = -2968.091; p = 0.004), socioeconomic status

(β = -3305.728, p = 0.004) and a household’s satisfaction level with the current toilet (β =

-4570.602; p = 0.0001). Increased proximity of households to the toilet, higher incomes, and

providing loan facilities or subsidy to poor households could increase the demand for these

sanitation technologies.

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0248223 May 3, 2021 1 / 19

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Mulatya DM, Were V, Olewe J, Mbuvi J

(2021) Willingness to pay for improvements in

rural sanitation: Evidence from a cross-sectional

survey of three rural counties in Kenya. PLoS ONE

16(5): e0248223. https://doi.org/10.1371/journal.

pone.0248223

Editor: Raffaella Calabrese, University of

Edinburgh, UNITED KINGDOM

Received: August 3, 2020

Accepted: February 22, 2021

Published: May 3, 2021

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pone.0248223

Copyright: © 2021 Mulatya et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All data is contained

within the paper or supporting information files.

Funding: This work was made possible by the

support of the American People through the United

https://orcid.org/0000-0001-8285-0786
https://doi.org/10.1371/journal.pone.0248223
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0248223&domain=pdf&date_stamp=2021-05-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0248223&domain=pdf&date_stamp=2021-05-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0248223&domain=pdf&date_stamp=2021-05-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0248223&domain=pdf&date_stamp=2021-05-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0248223&domain=pdf&date_stamp=2021-05-03
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0248223&domain=pdf&date_stamp=2021-05-03
https://doi.org/10.1371/journal.pone.0248223
https://doi.org/10.1371/journal.pone.0248223
https://doi.org/10.1371/journal.pone.0248223
http://creativecommons.org/licenses/by/4.0/


Background

Access to improved sanitation facilities has several public health benefits, including reduced

communicable diseases such as soil-transmitted helminths (STH), cholera, diarrhea, trachoma

[1], and malnutrition [2–4]. Other benefits include economic savings [5] due to cut healthcare

costs and non- health benefits [6] from time savings otherwise forgone in nurturing patients

or queuing to gain access to shared facilities or find privacy for open defecation. Despite

known benefits, effective excreta removal remains a challenge, especially in achieving universal

coverage for sparsely distributed rural population’s characteristics of a majority of residents in

low and middle-income countries (LMIC) [7]. Traditional sewers are prohibitively expensive

to scale through public finance. Similarly, sewerage business cannot attract private sector

investments due to presumably low returns and high-risk conditions. Onsite sanitation, such

as ventilated improved pit latrines or latrines connected to septic tanks, are therefore viewed as

viable solutions in most rural populations. Whereas onsite facilities present a strong case, they

too can be unaffordable to the majority of households in rural areas, whose daily average earn-

ing is below a dollar day. Governments in LMIC have limited public funding and are unable or

reluctant to finance onsite sanitation against a backlog of other priorities. Most governments

in LMIC are still actively engaging stakeholders to expand innovations in affordable and

responsive sanitation technologies that meet consumer demand.

In Kenya, the responsibility for access to an improved sanitation facility lies with the

individual household, while the Government reserves an overarching role in health educa-

tion and creating an enabling environment for private sector participation. Only 59.3 per-

centage of individuals have access to improved sanitation, with the majority of residents

using the rudimentary latrine and a staggering 13.9 per cent of rural residents engaging in

open defecation [8].

What is worrying in Kenya is not the high number of people without access to safe sanita-

tion facilities but the slow rate at which the households can access improved sanitation facili-

ties. Access to improved sanitation services in Kenya increased by only 1.3 per cent between

2009 and 2015 [9, 10]. Despite the availability of technologies and products in the market,

demand for improvements in the quality of sanitation has remained sufficiently low.

Several explanations for poor sanitation include the low priority accorded to sanitation

[11], social-economic barriers, colossal capital outlays (without subsidies) and lack of credit

arrangements for poor households to invest in sanitation [12, 13], low awareness on health

benefits, lack of privacy [14] or availability of infrastructure development such as availability of

piped water [15]. Other studies have shown that higher-income households to be positively

associated with higher willingness to pay for sanitation, as the number of disposable income

increases. Similarly, higher education levels and increased environmental awareness is associ-

ated with higher WTP for sanitation improvements [16].

Increasing consumer demand for sanitation in Kenya’s rural communities employs proven

approaches like Community-Led Total Sanitation (CLTS) [17, 18] and commercial and social

marketing principles to trigger positive sanitation practices. These two approaches have gained

momentum in the recent past. For instance, a USAID supported Kenya integrated water and

sanitation (KIWASH) project is working across nine counties to trigger and activate demand

for low–cost affordable sanitation technologies in the country. The project combines Sanita-

tion Marketing and CLTS–an approach that focuses on mobilizing and unleashing the com-

munities’ drive to improve their sanitation status and end open defecation without providing

material support or subsidies- to achieve its objectives.

Sanitation marketing refers to the use of commercial and social marketing techniques to

scale up demand and supply for improved sanitation. In the past, Kenya’s sanitation market
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was primarily dominated by ventilated improved pit latrines, with partners and Governments

promoting manufacture and installation of concrete slabs. Despite massive investments stem-

ming from Governments and donors, these technologies were widely unsuccessful. To increase

the range of technological options available in the sanitation market, USAID/KIWASH project

partnered with Lixil corporation- SATO product proprietors and other local enterprises to

trial and expand supply for SATO and SAFI latrine products respectively. Even though small

improvements don’t confer optimal sanitation benefits in favor of full latrines, studies [16]

have shown that households with demonstrated willingness to make minor home improve-

ments are more likely to switch to using an improved sanitation facility. Partners’ efforts focus

on ensuring gradual improvements to basic sanitation, with a longer-term trajectory aligned

towards improved sanitation systems.

SATO is a simple latrine slab that can be retrofitted on a pit latrine to improve the quality

and aesthetics of the structure. On the other hand, SAFI latrine is an improved sanitation facil-

ity; typically, a low cost ventilated pit latrine designed to reinforce circular pits against external

pressure. Fig 1 in supplemental information shows the two technologies.

Though the project supported demand creation creativities for both products, program

results indicated varied uptake between the two products, with SATO products generating

higher sales than its counterpart. This study provides answers on the disparate uptake in sani-

tation technologies by investigating the consumer’s WTP at different price levels and assessing

underlying drivers for sanitation demand in rural communities.

Findings from this decision-focused evaluation, like other studies [19] with similar designs,

will be used to inform the programs to scale up and demand activation strategies. Moreover,

understanding the willingness to pay (WTP) for sanitation by customers and the reasons for

low WTP in developing countries like Kenya guides effective policy formulation and practice.

Fig 1. Cross sectional view of SATO toilets and SAFI latrines.

https://doi.org/10.1371/journal.pone.0248223.g001
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The study will assess the households WTP for SAFI latrines, SATO toilet products, and the fac-

tors that influence WTP for sanitation in Makueni, Kakamega, and Siaya Counties in Kenya.

Methods and materials

Study site

The study was conducted in Siaya, Kakamega, and Makueni counties, which are predomi-

nantly rural (about 80%) counties in Nyanza, Western and Eastern regions of Kenya.

Sanitation coverage in rural Kenya is still lacking, with a glaring 50.8% of the population

using unimproved sanitation and another 13.9% practicing open defecation rates. In the recent

2015/16 Kenya Integrated Budget Survey report, Siaya, Kakamega, and Makueni reported

56.2%, 67.5%, and 12.1% access to unimproved sanitation facilities, respectively [8]. The three

counties have a combined population of 3,572,774 people. The population distribution for

Kakamega, Makueni and Siaya is 1,732,145, 921,168 and 919,461 respectively [20]. The study

zones were within the three counties (Fig 2), and specifically where project activities centered

on improving awareness on the benefits of safe sanitation.

Fig 2. Map of study areas.

https://doi.org/10.1371/journal.pone.0248223.g002
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Study design

This study was quantitative economic research integrated within a cross-sectional survey, in

which a Contingent Valuation Method (CVM) [21] was employed to elicit WTP valuation esti-

mates from households.

CVM is a stated preference method in which respondents are asked their maximum

level of willingness to pay for a predetermined increase or decrease in the quantity or qual-

ity of a good [21]. It involves asking the respondents a sequence of questions that progres-

sively narrows down to their willingness to pay (WTP). In the dichotomous choice version

of CVM, respondents were offered a change in the good at a given cost, and the respondent

either accepted or refused payment of the suggested cost [22]. Dichotomous choice method

has been shown to generate more robust WTP estimates than open-ended questions which

have been shown to produce unrealistic estimates due to the likelihood of getting protest

responses from respondents [23, 24]. In this study a bidding game technique that involved

a double bounded dichotomous choice with follow up method was used to elicit household

WTP valuations. The dichotomous choice with follow-up format did not directly reveal the

respondent’s WTP; instead it provided a range within which the true WTP lied (double

bounded) [23, 25] (i.e., yes or no to the option offered in each question). Before the bidding

started, a scenario explanation was sufficiently stated to make the respondent understand

the scenario presented to them very well.

Data collection methods

A questionnaire was developed, upload onto the Open Data Kit software [26], and a team of

enumerators trained on data collection. The questionnaire comprised of four sections; sec-

tion one entailed social-demographic assessment, part two was on the household, and envi-

ronmental characteristics and part three elicited WTP, using dichotomous choice with a

follow-up version of CVM [5] to assess the respondent’s maximum WTP for an increase in

the quality of sanitation services through purchase and use of SAFI/SATO products. The

introductory section had scenario explanation statements about SATO products and SAFI

latrine. The respondents were showed colored pictures of each toilet product in turn, fol-

lowed by a list of dichotomous choice questions (Yes/No) with a bid attached to each ques-

tion. To minimize the starting point bias, two versions of the CVM questionnaire were

randomly [13] administered to the respondents. The subsequent section assessed the role of

credit on the choice of WTP valuations. The CVM scenario was repeated to the respondent

but with an offer of constructing a SAFI latrine on a 10% interest loan repayable within 12

months. Pre-survey, the questionnaire was pretested by trained enumerators and the feed-

back used to improve the reliability of the instrument. A total of 553 households were inter-

viewed in the survey.

Sampling strategy

The master sampling frame consisted of villages in Siaya, Kakamega, and Makueni, where the

project was working to promote awareness on benefits to improved sanitation.

The sampling process entailed a two-stage process. A simple random sampling technique

was employed to select the number of villages. Systematic random sampling was used to

identify target households selected from these villages. Only households without SATO

products or SAFI toilet products were included in the study. Enumerators were guided on

eligible households for interviews by community health volunteers (CHV’s). These CHV’s

had worked with the county Ministry of health staff in implementing water, hygiene, and

sanitation interventions.
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Data analysis

A Tobit regression model was used to estimate factors that influenced the maximum amount

of households’ WTP for sanitation within the study counties. Tobit regression models have

been widely used by economists to identify the determinants of willingness to pay for various

products, including sanitation products.[27–29] A Tobit regression model is a type of a limited

dependent variable model in which there is a censored sample, a sample in which the informa-

tion of the regressand is available for some observations but not although there may be infor-

mation for all the regressors in the sample [30]. The regressand can be left-censored (cannot

take a value below a certain threshold) or right-censored (cannot take a value above a certain

threshold), or it can be both left and right-censored. In these analyses, the dependent variable

is binary (whether willing to pay or not). The marginal effects of the factors were assessed at

statistical significance levels of p<0.05. Tobit regression is p Referred over other OLS models

because of its ability to take care of households with less than zero WTP responses [31] and

provide robust and consistent model parameters.

In this study, Tobit regression was chosen because many households could not state the

willingness to pay a price less than zero since they were not given a chance to report such WTP

responses in the data collection tool. The General empirical Tobit regression model [31, 32] is

given by:

WTPi ¼ biXi þ εi ð1Þ

Where;

WTP is the willingness to pay estimate for the ith individual, β is a vector of model parame-

ters, X is the vector of explanatory factors, and εi is Error term. The following is the linear

functional relationship between the household WTP is given by:

WTP ¼ b0 þ b1X þ b2X2 þ . . . . . . . . .þ bnXn þ ε ð2Þ

Where; X represents determinants of household Willingness to pay (WTP), and β is a vector of

the coefficients of socioeconomic determinants of household WTP.

Households were further ranked in wealth quintiles (poorest, second poor, middle poor,

fourth less poor, and least poor) using principal component analysis (PCA) using household

assets, utilities, and characteristics. These variables were included in the PCA model, and the

sum of individual weights generated a wealth index for each household. The larger the weight,

the wealthier a household is compared to the rest in the sample.

We further assessed the socioeconomic inequities in the distribution of household propor-

tion willing to pay for the SAFI latrines using the Gini coefficient. The Gini coefficient can

vary from 0 (perfect equality, also represented as 0%) to 1 (perfect inequality, also represented

as 100%). A Gini coefficient of zero means that everyone has the same outcome. In contrast, a

coefficient of 1 represents a single individual receiving all the outcome (of course, neither of

these extremes are very likely). The higher the Gini index, the greater the degree of inequality;

in the case of a very high Gini index, those with high outcomes are disproportionately large in

total outcome or events.

The Gini coefficient is equal to the area between the actual income distribution curve and

the perfect income equality line, scaled to a number between 0 and 100. The Gini coefficient is

the Gini index expressed as a number between 0 and 1 [33].

Ethics approval

We obtained ethics approval from the Kenya Medical Research Institute. Research participants

provided written consent to participate in surveys.
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Results

Demographic characteristics of the study population

A total of 633 household heads were sampled, out of which 553 were successfully interviewed

in the survey, representing a response rate of 87.2%. Table 1 below, shows a breakdown of all

households (HH’s) that were interviewed in Kakamega (187), Makueni (172) and Siaya (194)

County and the demographic characteristics of the study population. Most of the respondents

were females 383 (69.3%), while males were 170 (30.7%). Kakamega 136 (72.7%) and Siaya 135

(69.6%) counties had the highest number of female respondents.

Ages of most household heads ranged from 30 years to 59 years, and most of them were

married 429 (77.5%). The mean age household heads were 31.9 years (SD+_15.5), and the

median age was 31 years. The majority of the household heads had attained primary level edu-

cation 306 (55.3%). In contrast, only 9 (1.63%) had a university-level education. Majority of

the households had between one to five members 333 (60.2%). Of the 54 households with a

person with diarrhea (9.78%), most (6.51%) were persons aged>5 years. Majority of house-

holds had their toilets less than 20 metres from the house (n = 331; 59.86%), and a majority

(n = 378; 68.35%) of them were using improved toilet facilities. Out of 378 households who

were using improved toilets, 137 (36.4%) households were in Makueni, 89 (23.5%) in Siaya,

and 152 (40.2%) in Kakamega. Out of 553 households interviewed, 209 (37.79%) were satisfied

with their current toilets, while 135 (24.4%) households were not satisfied. The majority of

households 332 (60.04%) were poor, while 221 (39.96%) were the least poor households.

Willingness to pay for sanitation

Mean willingness to pay by sanitation technology. Table 2 highlights the demand for

sanitation technologies in our study population. The overall maximum WTP estimate for

SAFI latrine for the pooled data was KES. 15,398 (USD153.98) per household. The mean WTP

for SAFI latrine is $147 lower than the average market price of a complete system at KES.

30,000 (USD300). The mean WTP for the installation of a SATO pan and a SATO stool was

KES. 1,148 ($11.48) and KES. 1,475.9 ($14.759) respectively.

From Fig 3, only 3% of the sampled households are willing to pay for SAFI latrines at a mar-

ket price of $300. The proportion of households willing to pay for a SAFI latrine reduces as the

price increases in line with the theory of demand and supply. In contrast, demand for SATO

products increases as the price increases. The WTP for a SATO pan also follows a similar

trend as a SATO stool. Out of 553 interviewed households, 76.2% of them were willing to pay

for SATO pans at rates slightly above the retail market price of $ 8 per unit.

Similarly, 78% were willing to pay for SATO stools at rates above the retail market price of

$10 per unit. Mean WTP for SATO products varies in wealth quantiles.

However, there is no significant difference in WTP estimates for SATO products when

prices are compared among the three study Counties.

Mean willingness to pay for SAFI latrines. Fig 4 (a-c) shows the patterns of WTP for

SAFI latrines in the three counties. The mean WTP for SAFI latrines in Kakamega and

Makueni was almost similar, though well below the estimated market price of KES. 30,000

(USD300). In Makueni, the median WTP was approximately 50% ($ 100) lower than the mean

WTP ($150) observed in Siaya and Kakamega counties. However, when WTP bids increased

beyond KES. 25,000 ($250) as more households in Siaya and Makueni are now willing to pay

higher compared earlier prices.

Socio-economic profile of SAFI latrine adopters. Fig 5 below is a Lorenz curve showing

the distribution of the household population willing to pay for SAFI latrines by its wealth
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Table 1. Socio-economic characteristics in the study population (values in the parentheses are column percentages).

Characteristics Kakamega Makueni Siaya All Counties

Gender

Male 51 (27.27) 60 (34.88) 59 (30.41) 170 (30.74)

Female 136 (72.73) 112 (65.12) 135 (69.59) 383 (69.26)

Marital Status

Divorced 2 (1.07) 2 (1.16) 0 (0.0) 4 (0.72)

Married 155 (82.89) 144 (83.72) 130 (67.01) 429 (77.58)

Separated 0 (0.0) 1 (0.58) 2 (1.03) 3 (0.54)

Single 10 (5.35) 5 (2.91) 5 (2.58) 20 (3.62)

Widow/widower 20 (10.70) 20 (11.63) 57 (29.38) 97 (17.54)

Age

15–29 20 (10.70) 8 (4.65) 10 (5.15) 38 (6.87)

30–44 56 (29.95) 30 (17.44) 56 (28.87) 194 (35.08)

45–59 69 (36.90) 69 (40.12) 56 (28.87) 194 (35.08)

60–74 28 (14.97) 50 (29.07) 61 (31.44) 139 (25.14)

74+ 14 (7.49) 15 (8.72) 11 (5.67) 40 (7.23)

Education level

College/Mid-level 26 (13.90) 3 (1.74) 7 (3.61) 36 (6.51)

Other 21 (11.23) 20 (11.63) 23 (11.86) 64 (11.57)

Post-primary/vocational 7 (3.74) 10 (5.81) 1 (0.52) 18 (3.33)

Primary 84 (44.92) 109 (63.37) 113 (58.25) 306 (55.33)

Secondary/A-level 45 (24.06) 29 (16.86) 46 (23.71) 120 (21.70)

University 4 (2.14) 1 (0.58) 4 (2.06) 9 (1.63)

Occupation

Formal 14 (46.67) 7 (23.3) 9 (30.0) 30 (5.42)

Casual 143 (33.97) 128 (30.4) 150 (35.63) 421 (76.13)

Unemployed 4 (26.67) 2 (13.3) 9 (60.0) 15 (2.71)

Other 26 (29.89) 35 (40.23) 26 (29.89) 87 (15.73)

Monthly Income

<10001 174 (93.05) 154 (89.53) 175 (90.21) 503 (90.96)

10001–20000 8 (4.28) 13 (7.56) 13 (6.70) 34 (6.15)

20001–30000 3 (1.60) 2 (1.16) 6 (3.09) 11 (1.99)

30001–40000 1 (0.53) 0 (0.00) 0 (0.00) 1 (0.18)

>40001 1 (0.53) 3 (1.74) 0 (0.00) 4 (0.72)

Household Size

1–5 106 (56.68) 100 (58.14) 127 (65.46) 333 (60.22)

6–10 7 (3.74) 3 (1.74) 3 (1.74) 3 (1.55)

11+ 74 (39.57) 69 (40.12) 64 (32.99) 207 (37.43)

Having a person with diarrhoea

<5yrs 9 (4.81) 1 (0.58) 8 (4.12) 18 (3.25)

>5yrs 14 (7.49) 4 (2.33) 18 (9.28) 36 (6.51)

Distance to the current toilet

<20m 132 (70.59) 82 (47.67) 117 (60.31) 331 (59.86)

21-40m 44 (23.53) 17 (9.88) 44 (22.68) 105 (18.99)

41-60m 6 (3.21) 70 (40.70) 16 (8.25) 92 (16.64)

61-80m 3 (1.60) 1 (0.58) 1 (0.52) 5 (0.90)

>80m 2 (1.07) 0 (0.00) 1 (0.52) 3 (0.54)

Satisfaction with current toilet

(Continued)
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quintiles. The area between the curve and line of equality represents the level of inequality

between the poorest and least poor households. The Gini coefficient is 0.238 amongst those

willing to pay for SAFI compared to 0.391 amongst those unwilling to pay for SAFI. A positive

value represents a largely rich distribution in WTP bids for SAFI latrines. It is also worth not-

ing that, the inequality gap is narrower for households willing that those unwilling to pay for

sanitation.

Fig 6 shows that inequalities were least evident in Kakamega with (Gin = 0.196) compared

to Makueni (Gini = 0.0255) and Siaya (Gini = 0.241) Counties. Richer households in Makueni

dominated the proportion of households willing to pay for SAFI. In semblance to Fig 5, richer

households still dominate amongst those willing to pay for SAFI latrines in all counties.

Factors influencing willingness to pay for sanitation products. From Table 3 below, it

can be inferred that distance to the current toilet (p<0.0001), current use of unimproved toilet

(p = 0.0001), being a resident of Makueni and Siaya County (p = 0.00, p = 0.033), household

income (p = 0.005), being moderately satisfied with current toilet (p = 0.0001) and being a

poor household (p = 0.005) determine the amount of money that households are willing to pay

for the construction of a SAFI latrine. Factors that would increase the probability of a house-

hold’s WTP for a SAFI latrine were those with at least a 5% level of significance and those with

a positive coefficient. Those most likely to purchase SAFI latrines were households that had to

walk longer distances to the toilet and those with increased household incomes. Similarly, a

Table 1. (Continued)

Characteristics Kakamega Makueni Siaya All Counties

Not satisfied 31 (16.58) 40 (23.26) 64 (32.99) 135 (24.41)

Satisfied 106 (56.68) 35 (20.35) 68 (35.05) 209 (37.79)

Moderately satisfied 39 (20.86) 92 (53.49) 57 (29.38) 188 (34.00)

Very satisfied 11 (5.88) 5 (2.91) 5 (2.58) 21 (3.80)

Main Water Sources

Improved 134 (71.66) 55 (31.98) 49 (25.26) 238 (43.04)

Unimproved 53 (28.34) 117 (68.02) 145 (74.74) 315 (56.96)

Toilet facility

Improved 137 (73.26) 89 (51.74) 152 (78.35) 378 (68.35)

Unimproved 50 (26.74) 83 (48.26) 42 (21.65) 175 (31.65)

Having children <5yrs

Yes 108 (57.75) 67 (38.95) 64 (32.99) 239 (0.37)

No 79 (42.25) 105 (61.05) 87 (44.85) 271 (0.42)

Economic Status

Poor (Quntile1-3) 159 (85.03) 34 (19.77) 139 (71.65) 332 (60.04)

Least Poor (Quintile 4–5) 28 (14.97) 138 (80.23) 55 (28.35) 221 (39.96)

Taken credit previously

Yes 49 (26.2) 44 (25.6) 86 (44.3) 179 (32.4)

No 138 (73.8) 128 (74.4) 108 (55.7) 374 (67.6)

https://doi.org/10.1371/journal.pone.0248223.t001

Table 2. Mean estimates for willingness to pay for sanitation in the study population.

Sanitation Type Poorest Wealthiest Mean Market Price

Safi 13,527 ($135.28) 18,148 ($181) 15,359 ($153.59) 30,000 ($300)

Sato pan 1,083 ($10.83) 1,248 ($12.49) 1,148 ($11.49) 800 ($8)

Sato stool 1,390 ($13.91) 1,608 ($16.09) 1,476 ($14.77) 1,000 ($10)

https://doi.org/10.1371/journal.pone.0248223.t002
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unit increase in monthly income increases the maximum amount of money that the household

is willing to pay, by KES. 0.224, i.e., an increase in monthly household income of KES. 1,000

(10 US$) increases the maximum amount that the household is willing to pay by KES. 224

(2.24 US$) per month. This positive relationship is in concurs with other similar studies [15,

16, 34]. Other factors associated with a reduced probability of purchasing SAFI latrines, were

those with a negative coefficient and included being a resident of Makueni and Siaya compared

to Kakamega, households in the poorest wealth quintiles, and if current households used

unimproved facilities.

Further results from Table 3 confirm that an increase in the distance to the current toilet

(p = 0.0001), dissatisfaction with the current sanitation conditions (p = 0.029), and higher

household incomes (β = 0.0113098; p = 0.011) increased overall willingness to purchase SATO

pans. On the other hand, the willingness to pay for a SATO stool is influenced by the distance

to the current toilet (β = 8.604; p = 0.0001), use of unimproved toilet (β = -163.800 p = 0.024),

being a male household of the head (β = 135.04; p = 0.039) and satisfaction with the current

toilet facility (β = -162.822, p = 0.0030; β = -341.663, p = 0.0001).

Influence of finance on sanitation uptake

Fig 7 below compares the maximum WTP price for construction of SAFI Latrines when

households were asked to pay cash up front and when given credit finance. Overall, credit

has a positive impact on households WTP estimates; the household’s mean WTP valuations

changed by 2.3%, from KES.15, 398 (USD$ 153.98) with cash upfront payments to KES.15,

722N(USD$157.22) on credit terms. A higher proportion of households (19%) in Makueni

were willing to purchase SAFI latrines if credit was offered compared to cash term payment.

In contrast, households in Kakamega and Siaya counties were unwilling to pay for SAFI

latrines, with a -4% and -1.6% reduced WTP, respectively (Fig 7). Overall, there is a

Fig 3. (a-c). Demand curves for SATO toilet products and SAFI latrines.

https://doi.org/10.1371/journal.pone.0248223.g003

Fig 4. a-c. Demand curves for SAFI latrines by county location.

https://doi.org/10.1371/journal.pone.0248223.g004
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marginal difference between the households that were willing to pay for a SAFI latrine using

a loan and without a loan.

Fig 8 shows that households without SAFI latrines were willing to pay cash upfront up to a

maximum price of 220–230 US$, beyond which demand for credit financing increases slightly.

However, similar slopes observed in demand curves for households with/without credit

financing imply that the availability of credit finance does not highly influence demand for

SAFI latrines.

Discussion

From Fig 3, the percentage of households WTP for SAFI latrines declines with increasing price

bids, with the majority of HH’s (20%) willing to pay a meager $100, while only 3% are willing

to pay SAFI latrines at the recommended market price of $300. This results are in congruence

with other studies[35, 36] that confirmed that demand for health-related products is price elas-

tic. Conversely, demand for SATO pans and stools increased with price increase up to a maxi-

mum value of approximately KES.1, 148 ($11.48), and KES.1, 475 ($14.75), respectively

Fig 5. Lorenz curves comparing inequality ratios amongst households in the study population.

https://doi.org/10.1371/journal.pone.0248223.g005
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beyond which it rapidly declined (Table 2). Findings (Fig 3) show that more than half of study

households are willing to pay for SATO pans and stools above the recommended market retail

price of KES. 600 (6US$) and KES. 1000 (10US$), respectively. This results confirm a high

demand for SATO products at the households and are quite similar to another study con-

ducted in Ethiopia; [37]. This study reported that the product aesthetics, fair price, ability to

reduce smell, and lock in flies were all responsible for high demand for SATO products in

rural households. Therefore, results from these two studies predict better business prospects

for traders in SATO products.

In contrast, these findings were not comparable with a recent Kenyan study [38] that

reported less than 4% of households as willing to pay for plastic slabs. Though plastic slabs are

considered to be close products to SATO toilets, they are defined as a type of a different retrofit

latrine slab that is less attractive and higher priced when compared to SATO. Further social

science investigations could reveal the reasons for the preference observed in SATO products

and insights used by private sector to better innovate along product attributes highly prefered

by the local sanitation users.

As shown in Table 2, the overall mean WTP for the construction of a model SAFI latrines

was KES.15, 398 ($153.98) and Fig 3 shows that the actual construction cost of a SAFI latrine,

approximated at (300US$), was way above the price valuation expressed by many households.

Fig 6. Lorenz curves showing wealth inequality for SAFI in study counties.

https://doi.org/10.1371/journal.pone.0248223.g006
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Moreover, the Lorenz curves (Fig 6) showed that households from higher socioeconomic

groups dominated the willingness to pay for SAFI latrines across all study counties. These find-

ings emphasizes the need for Governments to design pro-poor subsidies that specifically reach

the bottom of pyramid sanitation users, who an unable to pay for improved sanitation

products.

Fig 4 showed that residents of Makueni County were associated with a lower WTP for SAFI

latrines, i.e., residents of Makueni were less likely to purchase the products compared to those

in Siaya and Kakamega. The scores may be attributed to a higher level of poverty in the sam-

pled villages in Makueni. Similar differences were observed in other studies [39] in Kenya,

where different geographical locations expressed varying willingness to pay for the same sani-

tation services.

From Fig 7, more households (19%) in Makueni County would purchase the SAFI latrines

if given credit while in stark contrast, the willingness to pay for SAFI latrines decreases when

households in Kakamega and Siaya counties are offered credit financing. Past studies [12, 40–

42] have confirmed that providing a credit or loan facility to rural households can be a critical

driver of demand for these products, especially the construction of a SAFI latrine, which

requires a substantial amount of money that is not easy to get in the rural areas. Several past

evaluations [43–45] of microfinance have suggested that the poorest people benefit the least as

most are too scared of failing to comply with regulations requiring short repayment periods or

are just unwilling to commit to group obligations and ensuing debt. Though most available lit-

erature is coherent with Makueni results, Kakamega and Siaya households seemed to have a

Table 3. Summary multivariate results on the determinants of WTP for sanitation products in households.

Variable SAFI SATO pan SATO stool

Coeff P-value Coeff. P-value Coeff. P-value

Distance to the toilet 152.27 0.000� 6.204242 0.000� 8.604276 0.000�

County

Kakamega (Ref)

Makueni -3975.152 0.007� -119.9807 0.147 -50.5208 0.623

Siaya -2529.206 0.033� -154.9121 0.018�� -266.885 0.001�

Satisfaction

Not satisfied (Ref)

Moderately -4696. 026 0.000� -310.7425 0.000� -341.663 0.000��

Satisfied -2081.854 0.052 -131.5552 0.029� -162.822 0.030��

Very satisfied -2101.279 0.378 -29.88273 0.822 -154.615 0.350

SES

Least Poor (Ref)

Poor -3264.145 0.005� -74.52313 0.254 -81.1948 0.318

Gender

Female (Ref)

Male 1536.69 0.124 30.25767 0.565 135.0432 0.039��

Sanitation

Improved (Ref)

Unimproved -3075.035 0.003� -95.45451 0.100 -163.800 0.024��

Income 0.2236298 0.005� 0.0113098 0.011� -0.000199 0.971

� = P<0.05 are significant determinants of household WTP valuations estimates.

Ref = Reference category.

Coeff. = coefficient.

https://doi.org/10.1371/journal.pone.0248223.t003
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dissenting attitude towards borrowing, an observation that could be better understood with

further social science investigations.

We speculate that past bitter experiences with micro-finance institutions operating in Siaya and

Kakamega may have deemed micro-finance loans as untrustworthy, risky, and, therefore, not a

cost-efficient strategy for financing sanitation investments. It’s also worth noting that historically,

Kenya’s banking sector has also been accused of cartels for harassment and fraudulent repossession

of collaterals issued by clients seeking loans [46, 47]. Alternatively, using a different perspective that

is primed on utilizing trusted financing vehicles, such as the village savings and loan associations

(VSLA’s) may be a more successful strategy for offering credit finance opportunities to Kenya’s

rural residents. Our views support VSLA’s concept, mainly because Kenya’s informal finance is

estimated to operate at 15.1% in the lowest wealth quantiles and one in every three women is a

member of a local community savings and credit group [46]. These results suggest the need for a

better understanding of factors that affect acceptability of financial interventions in communities.

Table 3 shows that the demand for our sanitation products is influenced by several factors,

one amongst them was the distance from households to the current toilet (p = 0.0001). For

every unit increase in distance (meters) from household to the toilet, the maximum amount of

money that the household is willing to pay increases, by KES 152.3 (US$1.523). Therefore, the

shorter the distance between the toilet and the house, the less likely a household will purchase

the products. In rural Kenya, communities tend to share communal latrines, where the dis-

tance from individual homes to latrines is usually a deterrent to use, especially during the

night. Therefore, residents must look for alternative ways to meet their needs as access to these

facilities can particularly expose women and children to heightened risks [45, 46, 48]. Our

findings are similar to other studies [49], which found that households are willing to pay for

sanitation services when the households lacked an indoor toilet.

Fig 7. Mean Willingness to pay for SAFI latrines amongst households with/without finance.

https://doi.org/10.1371/journal.pone.0248223.g007
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From Table 3, households satisfied with the state of the current toilet facility (β = -162.822,

p = 0.03), and those using unimproved toilet facilities (β = -163.8, p = 0.024) are unlikely to

purchase SATO products. We speculate that this could be due to a lack of confidence with the

current sanitation facilities, previous disappointments with some type of facilities, or even lack

of awareness on the benefits of the new products. Those households who were more satisfied

may have derived sanitation benefits and may be more willing to purchase or try new products.

Our argument contrasts a study conducted in Peru that reported that the lower the satisfaction

with sewered sanitation service, the higher the WTP [49]. Other in-depth studies [19, 50, 51]

have shown that increased awareness and motivation can strongly have a positive shift on the

willingness to purchase sanitation technologies.

A households wealth quantile (β = -326.4, p = 0.005) and income (β = 0.2236,

p = 0.005) influenced rural households’ WTP valuation estimates for a SAFI latrine,

while income (β = 00113, p = 0.011) influenced WTP for SATO pans. Both variables, pov-

erty level and income did not affect WTP valuation estimates for SATO stools. We specu-

late that households in the poorer wealth quintiles are unlikely to purchase SAFI latrine

due to either lack of adequate income, low priority in terms of needs, the vulnerability of

such households, and feeling of social exclusion. Studies [16, 34] have shown that the

poorer the household is, the less likely they will access and use sanitation products, and

that these households are often at risk of adverse events or outcomes. A study by Bosh

et al. [34] established that inadequate water and sanitation services to the poor increase

their living costs, lower their income earning potential, damage their well-being, and

make life riskier.

Fig 8. Demand curves for SAFI latrine in households with/without financing.

https://doi.org/10.1371/journal.pone.0248223.g008
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Limitations of the study

First, our study was based on stated preferences expressed from interviews but not revealed

data through market data. Though the study findings are similar to observed uptake of the two

technologies under the project, stated preferences may differ significantly from actual p Refer-

ences, demand and behavior. Other studies using stated preference surveys give respondents

time or opportunities to purchase products, which can be advantageous. Due to limited

resources and the timeline for the project, the survey respondents were not given time to give

options or reveal demand, though interviewers took time to explain the products and simulate

the market scenarios in all cases.

Secondly, our work in promoting sanitation coverage through the construction of Sato toi-

lets and SAFI latrine in rural areas was specific to our interventions and the local context, and

therefore may not be generalizable to other sanitation technologies in other settings.

Conclusion

The survey revealed that prices were not a determinant for demand in SATO products in the

three counties. To increase sanitation coverage with SATO products, we recommend use of

incentives that motivate front line demand activators and marketing agents capable of activat-

ing the latent demand observed in communities. SATO product manufacturers, Government

or donors should also prioritize investments in educating and building communities aware-

ness on the product availability and accessibility mechanisms established in all study counties.

Interestingly, results in Makueni imply that more households are willing and comfortable to

pay for SATO products than the other two counties.

This may be a combination of other factors, accessibility of products and increased

awareness on product attributes owing to the massive promotional campaigns rolled out in

Makueni County. From results, the willingness to pay for the SAFI latrines was inequitable

and only affordable for those in higher socioeconomic quintiles. We recommend evaluating

the impact of promotional and marketing strategies used for each county, where insights

drawn from the study can be used to inform adaptations on project implementation. Such

adaptations could include applying an appropriate subsidy targeting poor households to

promote access to onsite sanitation. Alternatively, Governments and project implementers

could facilitate engagement with sanitation producers or manufacturers, facilitating an

enabling environment that crowds-in potential private investors in the sanitation sector.

For instance, SAFI latrine producers should be encouraged to re-think and design innova-

tions that reduce production cost for SAFI latrines and ultimately increase affordability to

the majority of households. Our results on the impact of finance on WTP for SAFI latrines

show divergent and conflicting results. This only confirms that a one size fits all sanitation

strategy for Kenya is bound to fail.

Across all study counties, factors that significantly and positively influenced the WTP for

SAFI latrines included; increased distance from households to the toilet, household incomes,

and being residents of Kakamega county. A household with high poverty levels had a negative

relationship on willingness to pay. Increased household income positively influenced the WTP

for SATO pans, but not the SATO stool. Satisfaction with current sanitation facilities was asso-

ciated with high WTP, while the current use of unimproved toilets was associated with reduced

WTP for all sanitation technologies. This study highlights the underlying barriers and drivers

for demand in the two sanitation technologies and provides a basis for developing policies that

support further research and development of sanitation prototypes in Kenya.

Our findings highlight the need for development of flexible and guiding sanitation policies

rather than embracing rigid and prescriptive guidance on technologies for going to scale with
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rural sanitation programs. From the survey, we also demonstrate how the use of knowledge

from program implementation is combined with surveys to guide changes in implementation

and promote program efficiency improvements over a projects life span.

Supporting information

S1 Appendix. Survey tools administered to respondents.

(PDF)

S1 Dataset. Survey data.

(CSV)

Acknowledgments

The contents of this article are the sole responsibility of the authors and do not necessarily

reflect the views of USAID or the United States Government. Use of the content for non-com-

mercial use is authorized, provided the source is acknowledged.

Author Contributions

Conceptualization: Diana Mutuku Mulatya, Japheth Mbuvi.

Data curation: Diana Mutuku Mulatya, Vincent Were.

Formal analysis: Vincent Were, Joseph Olewe.

Funding acquisition: Japheth Mbuvi.

Investigation: Diana Mutuku Mulatya, Vincent Were, Joseph Olewe.

Methodology: Diana Mutuku Mulatya, Joseph Olewe.

Project administration: Diana Mutuku Mulatya, Japheth Mbuvi.

Resources: Diana Mutuku Mulatya, Japheth Mbuvi.

Software: Vincent Were, Joseph Olewe.

Supervision: Diana Mutuku Mulatya, Joseph Olewe.

Validation: Diana Mutuku Mulatya, Vincent Were, Joseph Olewe.

Visualization: Diana Mutuku Mulatya, Vincent Were.

Writing – original draft: Diana Mutuku Mulatya, Joseph Olewe.

Writing – review & editing: Diana Mutuku Mulatya, Vincent Were, Japheth Mbuvi.

References
1. Cumberland P, Hailu G, Todd J. Active trachoma in children aged three to nine years in rural communi-

ties in Ethiopia: prevalence, indicators and risk factors. Trans R Soc Trop Med Hyg. 2005; 99(2):120–7.

Epub 2004/12/21. https://doi.org/10.1016/j.trstmh.2004.03.011 PMID: 15607339.

2. Clasen T, Boisson S, Routray P, Torondel B, Bell M, Cumming O, et al. Effectiveness of a rural sanita-

tion programme on diarrhoea, soil-transmitted helminth infection, and child malnutrition in Odisha,

India: a cluster-randomised trial. The Lancet Global Health. 2014; 2(11):e645–e53. https://doi.org/10.

1016/S2214-109X(14)70307-9 PMID: 25442689

3. Pickering AJ, Null C, Winch PJ, Mangwadu G, Arnold BF, Prendergast AJ, et al. The WASH benefits

and SHINE trials: interpretation of WASH intervention effects on linear growth and diarrhoea. The Lan-

cet Global Health. 2019; 7(8):e1139–e46. https://doi.org/10.1016/S2214-109X(19)30268-2 PMID:

31303300

PLOS ONE Assessing the consumer demand for rural sanitation technologies in Kenya

PLOS ONE | https://doi.org/10.1371/journal.pone.0248223 May 3, 2021 17 / 19

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0248223.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0248223.s002
https://doi.org/10.1016/j.trstmh.2004.03.011
http://www.ncbi.nlm.nih.gov/pubmed/15607339
https://doi.org/10.1016/S2214-109X(14)70307-9
https://doi.org/10.1016/S2214-109X(14)70307-9
http://www.ncbi.nlm.nih.gov/pubmed/25442689
https://doi.org/10.1016/S2214-109X(19)30268-2
http://www.ncbi.nlm.nih.gov/pubmed/31303300
https://doi.org/10.1371/journal.pone.0248223


4. Pradyumna A, Im P, Ck G. Moving beyond sanitation’s diarrhoea fixation. The Lancet Global Health.

2015; 3(1):e16. https://doi.org/10.1016/S2214-109X(14)70288-8 PMID: 25539960

5. Van Minh H, Nguyen-Viet H. Economic aspects of sanitation in developing countries. Environ Health

Insights. 2011; 5:63–70. Epub 2011/11/16. https://doi.org/10.4137/EHI.S8199 PMID: 22084575;

PubMed Central PMCID: PMC3212862.

6. Geere JL, Hunter PR. The association of water carriage, water supply and sanitation usage with mater-

nal and child health. A combined analysis of 49 Multiple Indicator Cluster Surveys from 41 countries. Int

J Hyg Environ Health. 2020; 223(1):238–47. Epub 2019/09/07. https://doi.org/10.1016/j.ijheh.2019.08.

007 PMID: 31488359.

7. Dickson S, Schuster-Wallace C, Newton J. Water security assessment indicators: the rural context.

Water resources management. 2016; 30(5):1567–604.

8. Statistics KNBoN. 2015/16 Kenya Integrated Household Budget Survey (KIHBS). 2018.

9. Statistics KNBo. Kenya Demorgraphic Health Survey 2014/15. 2014/2015.

10. Statistics KNBo. Kenya Demorgraphic Health Survey 2008–09. 2008/2009.

11. Tidwell JB, Chipungu J, Chilengi R, Curtis V, Aunger R. Theory-driven formative research on on-site,

shared sanitation quality improvement among landlords and tenants in peri-urban Lusaka, Zambia. Int J

Environ Health Res. 2019; 29(3):312–25. Epub 2018/11/08. https://doi.org/10.1080/09603123.2018.

1543798 PMID: 30403877.

12. Lipscomb M, Schechter L. Subsidies versus mental accounting nudges: Harnessing mobile payment

systems to improve sanitation. J Dev Econ. 2018; 135:235–54. Epub 2019/04/23. https://doi.org/10.

1016/j.jdeveco.2018.07.007 PMID: 31007348; PubMed Central PMCID: PMC6473559.

13. Simiyu S, Swilling M, Rheingans R, Cairncross S. Estimating the Cost and Payment for Sanitation in the

Informal Settlements of Kisumu, Kenya: A Cross Sectional Study. Int J Environ Res Public Health.

2017; 14(1). Epub 2017/01/10. https://doi.org/10.3390/ijerph14010049 PMID: 28067812; PubMed Cen-

tral PMCID: PMC5295300.

14. Winter S, Barchi F, Dzombo MN. Drivers of women’s sanitation practices in informal settlements in sub-

Saharan Africa: a qualitative study in Mathare Valley, Kenya. Int J Environ Health Res. 2018; 28

(6):609–25. Epub 2018/07/22. https://doi.org/10.1080/09603123.2018.1497778 PMID: 30027750.

15. Jenkins MW, Cairncross S. Modelling latrine diffusion in Benin: towards a community typology of

demand for improved sanitation in developing countries. J Water Health. 2010; 8(1):166–83. Epub

2009/12/17. https://doi.org/10.2166/wh.2009.111 PMID: 20009259.

16. Coffey D, Spears D, Vyas S. Switching to sanitation: Understanding latrine adoption in a representative

panel of rural Indian households. Social Science & Medicine. 2017; 188:41–50. https://doi.org/10.1016/

j.socscimed.2017.07.001.

17. Yeboah-Antwi K, MacLeod WB, Biemba G, Sijenyi P, Hohne A, Verstraete L, et al. Improving Sanitation

and Hygiene through Community-Led Total Sanitation: The Zambian Experience. Am J Trop Med Hyg.

2019; 100(4):1005–12. Epub 2019/02/23. https://doi.org/10.4269/ajtmh.18-0632 PMID: 30793687;

PubMed Central PMCID: PMC6447113.

18. Zeleke DA, Gelaye KA, Mekonnen FA. Community-Led Total Sanitation and the rate of latrine owner-

ship. BMC Res Notes. 2019; 12(1):14. Epub 2019/01/16. https://doi.org/10.1186/s13104-019-4066-x

PMID: 30642395; PubMed Central PMCID: PMC6332893.

19. Friedrich M, Balasundaram T, Muralidharan A, Raman VR, Mosler HJ. Increasing latrine use in rural

Karnataka, India using the risks, attitudes, norms, abilities, and self-regulation approach: A cluster-ran-

domized controlled trial. Sci Total Environ. 2020; 707:135366. Epub 2019/12/27. https://doi.org/10.

1016/j.scitotenv.2019.135366 PMID: 31877399.

20. Statistics KNBo. 2019 Kenya Population and Housing Census. 2019.

21. Venkatachalam L. The contingent valuation method: a review. Environmental Impact Assessment

Review. 2004; 24(1):89–124. https://doi.org/10.1016/S0195-9255(03)00138-0.

22. Diener A, O’Brien B, Gafni A. Health care contingent valuation studies: a review and classification of the

literature. Health economics. 1998; 7(4):313–26. https://doi.org/10.1002/(sici)1099-1050(199806)

7:4<313::aid-hec350>3.0.co;2-b PMID: 9683092

23. Cawley J. Contingent valuation analysis of willingness to pay to reduce childhood obesity. Economics &

Human Biology. 2008; 6(2):281–92. https://doi.org/10.1016/j.ehb.2008.05.003 PMID: 18619930

24. Whittington D, Briscoe J, Mu X, Barrón W, Duval J. Willingness to pay for water in rural areas: methodo-

logical approaches and an application in Haiti. Water and Sanitation for Health Project Field Report.

1987;(213).

25. Russell S, Fox-Rushby J, Arhin D. Willingness and ability to pay for health care: a selection of methods

and issues. Health Policy and Planning. 1995; 10(1):94–101. https://doi.org/10.1093/heapol/10.1.94

PMID: 10141627

PLOS ONE Assessing the consumer demand for rural sanitation technologies in Kenya

PLOS ONE | https://doi.org/10.1371/journal.pone.0248223 May 3, 2021 18 / 19

https://doi.org/10.1016/S2214-109X(14)70288-8
http://www.ncbi.nlm.nih.gov/pubmed/25539960
https://doi.org/10.4137/EHI.S8199
http://www.ncbi.nlm.nih.gov/pubmed/22084575
https://doi.org/10.1016/j.ijheh.2019.08.007
https://doi.org/10.1016/j.ijheh.2019.08.007
http://www.ncbi.nlm.nih.gov/pubmed/31488359
https://doi.org/10.1080/09603123.2018.1543798
https://doi.org/10.1080/09603123.2018.1543798
http://www.ncbi.nlm.nih.gov/pubmed/30403877
https://doi.org/10.1016/j.jdeveco.2018.07.007
https://doi.org/10.1016/j.jdeveco.2018.07.007
http://www.ncbi.nlm.nih.gov/pubmed/31007348
https://doi.org/10.3390/ijerph14010049
http://www.ncbi.nlm.nih.gov/pubmed/28067812
https://doi.org/10.1080/09603123.2018.1497778
http://www.ncbi.nlm.nih.gov/pubmed/30027750
https://doi.org/10.2166/wh.2009.111
http://www.ncbi.nlm.nih.gov/pubmed/20009259
https://doi.org/10.1016/j.socscimed.2017.07.001
https://doi.org/10.1016/j.socscimed.2017.07.001
https://doi.org/10.4269/ajtmh.18-0632
http://www.ncbi.nlm.nih.gov/pubmed/30793687
https://doi.org/10.1186/s13104-019-4066-x
http://www.ncbi.nlm.nih.gov/pubmed/30642395
https://doi.org/10.1016/j.scitotenv.2019.135366
https://doi.org/10.1016/j.scitotenv.2019.135366
http://www.ncbi.nlm.nih.gov/pubmed/31877399
https://doi.org/10.1016/S0195-9255(03)00138-0
https://doi.org/10.1002/(sici)1099-1050(199806)7:4<313::aid-hec350>3.0.co;2-b
https://doi.org/10.1002/(sici)1099-1050(199806)7:4<313::aid-hec350>3.0.co;2-b
http://www.ncbi.nlm.nih.gov/pubmed/9683092
https://doi.org/10.1016/j.ehb.2008.05.003
http://www.ncbi.nlm.nih.gov/pubmed/18619930
https://doi.org/10.1093/heapol/10.1.94
http://www.ncbi.nlm.nih.gov/pubmed/10141627
https://doi.org/10.1371/journal.pone.0248223


26. Hartung C, Lerer A, Anokwa Y, Tseng C, Brunette W, Borriello G, editors. Open data kit: tools to build

information services for developing regions. Proceedings of the 4th ACM/IEEE international conference

on information and communication technologies and development; 2010.

27. Bernard JC, Zhang C, Gifford K. An experimental investigation of consumer willingness to pay for non-

GM foods when an organic option is present. Agricultural and Resource Economics Review. 2006; 35

(2):374–85.

28. Bockstael NE, McConnell KE, Strand IE. Measuring the benefits of improvements in water quality: the

Chesapeake Bay. Marine Resource Economics. 1989; 6(1):1–18.

29. Michaud C, Llerena D. Green consumer behaviour: an experimental analysis of willingness to pay for

remanufactured products. Business Strategy and the Environment. 2011; 20(6):408–20.

30. Matthew McBee. Modeling outcomes with floor or ceiling effects: An introduction to the Tobit model.

2010.

31. Amemiya T. Tobit models: A survey. Journal of econometrics. 1984; 24(1–2):3–61.

32. McDonald JF, Moffitt RA. The uses of Tobit analysis. The review of economics and statistics.

1980:318–21.

33. Allison PD. Measures of Inequality. American Sociological Review. 1978; 43(6):865–80. https://doi.org/

10.2307/2094626

34. Bosch C, Hommann K, Rubio GM, Sadoff C, Travers L. Water, sanitation and poverty. Draft chapter

Washington DC: World Bank. 2001.

35. Ashraf N, Berry J, Shapiro JM. Can higher prices stimulate product use? Evidence from a field experi-

ment in Zambia. American Economic Review. 2010; 100(5):2383–413.

36. Cohen J, Dupas P. Free distribution or cost-sharing? Evidence from a randomized malaria prevention

experiment. Quarterly journal of Economics. 2010; 125(1):1.

37. Abinet Kebede DT, Monte Achenbach and John Butterworth. Performance and Acceptance of SATO

pan in Ethiopia. 2018.

38. Peletz R, Kisiangani J, Ronoh P, Cock-Esteb A, Chase C, Khush R, et al. Assessing the Demand for

Plastic Latrine Slabs in Rural Kenya. Am J Trop Med Hyg. 2019; 101(3):555–65. Epub 2019/08/09.

https://doi.org/10.4269/ajtmh.18-0888 PMID: 31392946; PubMed Central PMCID: PMC6726948.

39. Kisiangani CM J., Acey C., Levine D., Ronoh P., Makena E., Norman G., Khush R., Delaire C. & Peletz

R. (Kenya). Are Kenyan water customers willing to pay a pro-poor sanitation surcharge? 2018.

40. Ouma VM, Okeyo DO, Onyango R. Demographic and socio-cultural factors influencing the willingness

and ability to invest in sanitation facilities by households in Busia County, Kenya. Africa Health Agenda

International Journal. 2018; 1(5).

41. Yi W, Alicia M, Raisa C. Instituting equity and inclusion in market-based approaches: reaching the poor

and disabled in sanitation 2018.

42. Ben Yishay A, Fraker A, Guiteras R, Palloni G, Shah NB, Shirrell S, et al. Microcredit and willingness to

pay for environmental quality: Evidence from a randomized-controlled trial of finance for sanitation in

rural Cambodia. J Environ Econ Manage. 2017; 86:121–40. Epub 2017/11/14. https://doi.org/10.1016/j.

jeem.2016.11.004 PMID: 29129947; PubMed Central PMCID: PMC5669309.

43. Copestake J, Dawson P, Fanning JP, McKay A, Wright-Revolledo K. Monitoring the diversity of the pov-

erty outreach and impact of microfinance: A comparison of methods using data from Peru. Development

Policy Review. 2005; 23(6):703–23.

44. Ghosh J. Microfinance and the challenge of financial inclusion for development. Cambridge journal of

economics. 2013; 37(6):1203–19.

45. Guerin I. Microfinance Challenges: Empowerment or Disempowerment of the poor?: Institut français de
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