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Abstract 
This study aimed at identifying the most preferred water quality tracking sys-
tem (WQTS) for adoption and the determining factors for the same among 
the Langata sub County households in Nairobi city, Kenya. Perrenial munic-
ipal water shortage in this neighborhood has forced the residents to depend 
on vended water supplication but whose quality is not possible to verify at the 
moment. Accordingly, a mobile phone quality tracing application running on 
blockchain technology platform was developed to fill the gap of provenance 
tracking. A non-market discrete choice experiments (DCEs) model was dep-
loyed in which four-option attribute bundles; with one being the “status quo” 
choice were presented to each of the 382 randomly sampled respondents 
from the five wards within the area. Results indicated that Option 2; the 
communally managed WQTS emerged as the most preferred choice at 53.9%. 
Secondly, the male factor was identified as the major determinant to this de-
cision. In conclusion, the study proposes for the installation of this new 
WQTS which will trigger a 12% adjustment of the average household’s 
monthly water bill. In addition, this paper recommends for a city-wide as-
sessment of residents’ willingness to pay (WTP) for this WQTS, which it 
deems as an improved response to water shortage problem. Finally, the study 
contributes to the application of DCEs model in technology adoption litera-
ture. 
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1. Introduction 

Studies on response to water shortage conditions in urban areas continue to at-
tract a lot of global interest. Pioneer investigators have focused more on how to 
increase water supply flows in municipal taps to narrow the ever widening de-
mand-supply gaps. Today however, drought risks have complicated this incre-
mental approach [1] [2]. Most water supply service improvement schemes based 
on infrastructure expansion quickly become obsolete due to multiple convolut-
ing stressors in the local scenes [3]. Consequently; the dependent households do 
turn to alternative water sources [4]. In the developed world, technologies such 
as desalination and waste water recycling do offer credible alternatives according 
to [5] [6] [7] [8]. In the poor nations on the other hand, more than 700 million 
people are known to rely on informal water market when the municipal supplies 
fail, but whose quality is not trusted [9] [10] and [11]. 

Langata sub County in Nairobi city-Kenya, presents a stark example of a place 
where water consumers face a perennial water shortage challenge [12]. Here, 
water vendors do step in to fill the gap when Nairobi City Water and Sewerage 
Company (NCW & SC) service is down [13]. But, the households are forced to 
use quality enhancing measures due to negative perception they hold regarding 
the quality of the vendor supplied water [14] [15]. The persistent distrust on 
vendor water quality is because, currently, the informal water market is unregu-
lated. 

And so; there is no system to monitor the latter’s quality. Surprisingly, even 
the municipal water systems traditionally also just have their quality monitoring 
on centrally managed frameworks [16]. This means that the informal water 
consumers have no way to verify water quality in near real time before use [17]. 
For this reason, this paper strongly argues for the informal water markets to 
have a quality monitoring system as earlier suggested by [18]. It is expected that 
upon having such a system in place, the informal water market alternatives may 
serve as improved (credible) sources of water to cope with water shortage chal-
lenges bedeviling urban communities [19] [20]. The proposed real time quality 
tracking system is supposed to be mounted on a diffused technology in common 
use by households [21]-[27]. One of the most ubiquitous devices in use these 
days is the mobile phone handset gargets which can help in quality monitoring 
of water from source to the consumers’ door steps [28]-[34]. 

The study assumes that the perceptive mind of a consumer can build trust on 
the informal market’s water source once he or she is able to track and verify its 
quality [35]. The acquired trust is expected to make such a consumer to abandon 
the home-based water quality improvement measures thereby relieving him or 
her the agony of having to spend so much every day [36] [37]. Subsequently, the 
out of pocket expenses money saved through such a move may be invested in 
other family needs, which will, among other benefits, further improve the overall 
wellbeing of individual households [38] [39] [40]. Buoyed by this reasoning, the 
study developed a mobile phone application prototype for tracking the informal 
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water quality. The system is to be operated on an internet run blockchain tech-
nology platform which is considered here as a low cost approach [41] [42] [43]. 
The study is to use stated preference method to realize the intended aspiration. 

1.1. Theory of Stated Preference Models 

In environmental valuation, it is always possible to estimate how much an indi-
vidual is willing to pay on average for a given “good” or “service”. In this paper a 
water quality tracking system (WQTS) was presented to decision makers as a set 
of choices of a product with varying attributes with different price tags [44] [45] 
[46]. Although WQTS are market ‘goods’, fixing the estimated price that indi-
viduals are willing to pay for their future installations is only possible using an 
hypothetical market [47] [48]. The usual way in market interventions is to pro-
mote the adoption through consumer subsidies and or mandated adoption [49]. 
The most important idea in the process is to identify the gap between the value 
individuals are willing to pay (WTP) and the actual market price [50]. This is the 
reason as to why stated preference models are commonly described as (DCEs), 
that is; discrete choice experiments [51]. DCEs are applied in environmental 
protection studies as they are flexible in assessing customer preferences in hy-
pothetical conditions according to [52] [53] [54]. 

Discrete choice experiments (DCEs) are actually an attribute trade-off me-
thod given that it presents a series of scenarios and ask respondents to state 
(through choosing) the preferred scenario that describes a “good” or “service” 
using pre-defined attributes and levels [55] [56]. It is used to value individual 
attributes that make up “good” or “service” and it allows for the estimation of a 
trade-off between different attributes [57] [58]. A trade-off is defined as a bal-
ance of opportunity costs which maximizes utility [59]. Attribute based methods 
are grounded in random utility theory which suggests that an individual con-
sumer has a unique value for particular features of goods or services rather than 
the product as a whole in a heterogeneous manner. Representing a choice task as 
used in DCEs is arguably more natural because they more closely represent deci-
sions made by humans in everyday life. DCEs method also allows for the use of 
pictorial representations of choice sets to aid in cognitive reasoning [60]. 

Further, historical evidence suggests that DCEs are less burdensome and pos-
sibly do produce more reliable results. For that reason, in this study DCEs 
were used to determine whether households in Langata are WTP for WQTS. 
All attribute-based valuation methods, including DCEs, are based on theories 
developed by Lancaster in his 1966 paper: “A New Approach to Consumer 
Theory”. This study uses the traditional theory of consumerism that “goods are 
goods” [61] based on three fundamental underpinning assumptions as eluci-
dated in random utility theory by Lancaster; the latter being the building block 
of all stated preference studies. These include; 1) consumers value the attributes 
that a good possesses, rather than the good itself; 2) goods are made up of many 
attributes which are not necessarily unique to that good; and 3) two goods to-
gether may possess different attributes from those when they are separate.  
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DCEs method incorporates these three threads of thoughts through the de-
velopment of alternative profiles, choice sets and interactions between attributes, 
respectively. The Random Utility Theory (RUM) explains that the way individu-
als choose between the alternatives presented in a DCE can be explained using 
probabilistic choice theory. The choice behavior by individuals can be unders-
tood from either of these two perspectives: 1) decisions are random in nature 
and utility is always deterministic; and 2) decisions are deterministic and utility 
is random and that ‘actual’ behavior cannot be modeled. In the first perspective, 
the individual can be assumed to choose on impulse as influenced by psycholog-
ical factors [62]. In contrast, the second perspective regards individuals as utility 
maximizers, but there is a random component to this maximization as was dis-
cussed by Thurstone in 1927 [63]. The second perspective, suggests that deci-
sions are not made randomly but rather utility has a random component. 

The random utility models used to explain the uncertainty around predicting 
consumer and respondent choices are underpinned by Random Utility Theory 
(RUT). RUT was originally investigated by [63] who looked at the derivation of 
satisfaction, or utility, through a “Law of Comparative Judgment” with a psy-
chological perspective. The theory was developed substantially in the 1970s with 
econometric input from the 2000 Nobel Prize Winner, Daniel McFadden [64] 
[65]. RUT provides a deterministic-decision framework which is not trying to 
explain irrational behavior, but model the researcher’s lack of information. The 
lack of information results in an error which could be due to measurement er-
rors or latent attributes that influence choice or heterogeneity in preferences, 
that is; the unobserved differences in taste [66]. Therefore, the psychological 
factors which influence choice are incorporated into this random component of 
utility [67]. RUT is based on the simple axiom that it is not possible to observe 
the ‘actual’ utility function; however, it is possible to infer what is affecting utility 
from deterministic decisions being made. 

1.2. Related Work 

Unfortunately, it was noted that significantly, less work seems to have been done 
on citizens’ reaction to a technology driven water quality verification system. 
The small body of literature that does exist situate drinking water quality verifi-
cation role on governments which are meant to create legal and institutional 
frameworks to ensure delivery of safe and reliable drinking water [68]. And on 
governments’ subsidiary agency arms commonly referred to as water service 
providers, which as per service level agreement provisions, are to develop and 
implement drinking water safety plans to facilitate water quality monitoring 
[69]. Talk of wireless sensor node-based water quality tracker [70] [71] [72] [73] 
[74], GPRS-based remote water quality analysis [75] or any other form of crowd 
sourcing for water quality monitoring [76] [77] [78]; the interest continues to 
grow especially in the face of drought and water contamination challenges con-
fronting our cities today [79]. 

There are however, two perspectives at play in this continuum; informal water 
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alternatives and their quality verification capability. The alternatives take such 
forms as: rainwater, treated grey water and groundwater which are close sources 
of water to the point of use such as within property boundary of a typical urban 
home [80]. The informal water market alternatives supplement municipal water 
supplies through vendor delivery in push carts and/or tankers [81]. On the other 
hand, drinking water quality aspect is taken as a foundational matter that affects 
all stakeholders in water provision services’ landscape [82] [83] [84]. According-
ly, all water service providers are expected to monitor the quality of water they 
supply; a requirement which the informal water market players (vendors) are 
least prepared to comply with [85]. These water vendors are only in a rent 
seeking sort of festival, but remain unaccountable to the resulting negative im-
plications on their customers [86] [87]. In order to transform the informal water 
market enterprise, the consumers ought to make a choice using mobile phone 
application run quality tracking system [88]. Since such a system has no shelf 
price; a non-market valuation method was used to market the bundle of choice 
options as earlier suggested by scholars such as [89] [90] [91] [92]. 

The application of DCEs models has been witnessed in many studies, for ex-
ample; in valuing of tap water quality improvement [93], assessing willingness to 
adapting to less water in urban Australia [94], assessing social benefits of im-
proved water supply service [95] and in weighing public perception on desali-
nated water [6]. Further DCEs models have assisted in determining factors for 
adoption of safe water technologies [3], use of household level chlorination 
products in Kenya [96] and assessing end user preference for water treatment 
technologies in rural Kenya [97]. Additionally, it has been used to assess welfare 
effect of improved water quality [98], to estimate WTP for watershed protection 
by domestic water users in Tugueragaro City, Philippines [99], the valuation of 
groundwater protection in Denmark [100] and to assess the adoption of water 
efficient equipment by households [90]. One notable feature in all these studies 
is the heterogeneity of individuals in making decisions on a choice based on the 
available attributes. 

Despite the fact that WQTS is a market good, there is lack of market data to 
reliably link socio-economic and attitudinal information to the (WQTS) pur-
chasing behavior as stated in previous similar work by [101]. As a result, in this 
study, stated preference choice experment (CE) was applied due to its rising 
popularity in water sector studies [102] [103] [104] [105]. This was to help de-
termine whether households in Langata are willing to pay (WTP) for four dif-
ferent types of WQTS with the existing arrangement of water access being a 
baseline as “status quo” choice; Individual WQTS Figure 1, Communal WQTS 
where houses are connected to water source via smart meters see Figure 2 & 
Figure 3, Combination of Individual and Communal WQTS Figure 4. Option 
four is the existing set up, Figure 5 & Figure 6. The design of choices was based 
on the advise sought from studies by [106] [107] [108] [109]. It should be noted 
that the proto-type of the WQTS that was marketed in this study has been pre-
sented in a separate paper. 
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Figure 1. Individual WQTS installation. 

 

 
Figure 2. Communal WQTS installation. 

 

 
Figure 3. Communal WQTS installation proto-type. 
 

The amount of money that an individual is willing to pay (WTP) is used to re-
flect his or her preference for one system over the other as was proposed by 
[110] [111]. In this study, the payment is presented as a percentage adjustment 
to the current average household’s monthly water bill, being a payment type as  
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Figure 4. Individual and Communal WQTS installation. 

 

 
Figure 5. Existing status of household water access. 

 

 
Figure 6. Impression of existing status of household water access. 
 
discussed by [112]. And the investment of the new system is supposed to be un-
dertaken by the utility company up front, so that the cost recovery is done 
through the tariff adjustment The real hidden reasons for the first three choices’ 
attributes were mainly to; bring in equity policy in water access [95] [113] and to 
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provide the much needed protection to the local groundwater environment [99] 
[100] [114]. The existing water shortage response types continue to overburden 
consumers in a number of ways. For example, the monthly expenditure on ven-
dor water consumption is too high if the averting expenditure levels are taken 
into account [115]. Secondly, the craze in borehole drilling in Langata may trig-
ger groundwater depletion risk in the not so distant future [116]. 

There are however, a number of ways to allow for the individual heterogenei-
ties in DCEs models. The study took the approach of latent class model [117] 
Latent Class approach is hailed for allowing for the identification of a number of 
classes of respondents who may hold quite different preferences [118]. Within 
the constraint inherent in the number of classes identified, there are no limits on 
the distribution of preferences nonetheless, unlike the alternative approach of 
random parameter conditional logit models [119]. To the best of our knowledge, 
little if any, has been done to equip the households in such a manner. One of the 
fundamental pillars in water supply service industry is that change decisions re-
quire communal endorsements [120] [121] [122]. Accordingly, the study aim 
was to investigate the households’ preference for a water quality tracking sys-
tems (WQTS) and the factors influencing the same. This study contributes in the 
application of DCEs model in the adoption of WQTS. The rest of the paper is 
organized thus; Section 2 presents method, Section 3 is results, Section 4 is dis-
cussion while Section 5 is conclusion. 

2. Method 
2.1. Study Area 

Langata sub County is one of the 17 administrative units of Nairobi City County 
(NCC) with an estimated population of 176,314 people living in 52,656 house-
holds occupying an area of 196.80 km2. It is bounded to the North by Dagortti 
sub County, Kibra sub County, Starehe sub County, Embakasi sub County, Ma-
chakos Couty and to the South by Kajiado County. It is about 10 km to the 
South of Central Business District. It is located at approximately 1˚22'0''S, 
36˚44'0''E and with a topographical height range from 1600 m to 1850 m above 
mean sea level. It enjoys a tolerable temperate tropical climate throughout the 
year. It has five wards, namely; Karen, Mugomoini, Nairob-West, South C and 
Nyayo High-Rise, see Figure 7. 

The annual average rainfall ranges between 800 - 1200 mm. There is a con-
stant 12 hours of daylight. Average daily temperature ranges from 29˚C in the 
dry season to 24˚C throughout the year. The study area is serviced by a mono-
poly-enjoying Nairobi City Water and Sewerage Company Limited (NCW & 
Co.Ltd) whose supply distribution is on rationing program. Accordingly, water 
vending business is booming as a complementary source of domestic water, 
which in this study are known as the alternatives. It is also important to note, 
that Langata has a predominantly mixed development with all categories of 
households; from the most affluent in Karen neighborhood to the low income  
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Figure 7. Location map. 

 
groups sporadically spread within each ward. It prides itself to be the host of the 
famous Nairobi National Park. There are higher concentrations of private com-
mercial boreholes in the area. It is important to note that for the purpose of this 
study, water vendors refer to all categories; tanker operators, cart pushers and 
other conveyance modes, all of which have no known quality monitoring me-
chanisms. 

2.2. Estimation of Preferences on a Conditional Logit Model 

A conditional logit model assumes that the utility for an individual (or a 
decision maker), i, has to make choice from a set of J alternatives from which 
he/she derives a certain level of utility Uij expressed as; 

ij ij ijU V ε= +                             (1) 

where ᶓij is unobservable unknown. Collectively, these assumptions are of ex-
treme value type I often referred to as the independently and identically distri-
buted (iid) conditions. While Vij is the representation of the portion of the utility 
with linear attributes. 

Linearly ij ik ijkV β ×=                         (2) 

where k is the attributes for Xi alternative from j alternatives and ikβ  is the 
marginal utility derived by individual “i” from choice X with k attributes. Now if 
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yi = j > individual “i” selects option j from available alternative 1 and 2, then the 
probability of that individual “i” selecting j from a set of N alternatives is ex-
pressed as; 

( )
( )
( )1

exp

exp
ij

N
inn

V
P yi J

V

λ

λ
=

= =
∑

                     (3) 

where λ is the scale parameter given by random term 
2

2
26d

λ = Π  related to β

which varies across groups. Should the parameter be same, conditional logit 
model can be used otherwise mixed logit models is applied. It is taken that 
choices may be similar in a class but may be different across classes (section of 
the group) and this is expressed as “c”; 

( )
( )
( )1

exp
.

exp
ik ijk

N
ck inkn

X
P yi j c

X

λβ

λβ
=

= =
∑

                   (4) 

For an iterated bidding process, it is assumed that class behavior will remain 
constant within the tasks expressed by; 

( )
( )
( )1

exp
.

exp
ik ijkt

N
ck inktn

X
P yi j c

X

λβ

λβ
=

= =
∑

                  (5) 

With increasing group or class diversity, the flexibility of the latent class in-
creases and loses distributive restrictions of mixed logit models. But this reaches 
a statistical limit of a certain number of class identifiable in a sample, at this 
point, when “c” approaches N (respondents), then a specific focus of model be-
comes real beyond which the experimental design is incapacitated. If the proba-
bility of an individual “i” within class “c” from total classes “C” is expressed as Sic 
then the unconditional chance of the same individual “i” making a series of 
choices across T choice sets is given by; 

( ) ( )
1

.
c

ic it
c

P yi S P y c
=

= ∑ ∏                     (6) 

Each choice by “c” is assumed to be empirical with varying criteria being in 
use to identify number of classes. The functional form for the utility (Vij) for in-
dividual “i” whose taste is alternative j is expressed as; 

ij s j T ij pr jV SQ TECH PRICEβ β α= + +∑               (7) 

where SQ is the Status Quo dummy variable and TECHij are the technology op-
tions for the water quality tracking system (WQTS) in alternative j chosen by 
individual “i”. PRICEj is the proposed cost adjustment in percentage (%) by 
utility company to implement the choices upon policy formulation. sβ  is 
coefficient of the status quo dummy variable, Tβ  is the vector of marginal util-
ity and prα  is coefficient of price variable. 

The willingness to pay (WTP) is expected to increase with the manner in 
which the water access system will be organized at the estate level to allow for 
the informal water quality tracking. The shift should at the same time act to 
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protect the ground water environment from degradation. Each choice consisted 
of three options with alternative bundles of community water management sys-
tem on WQTS, plus a fourth option which is the status quo (SQ), or, “none of 
these” alternatives. In the utility algorithm, the SQ dummy and its parameters 
contained “no-change” option that is unexplainable from the attributes of the 
alternatives and is related to individual’s unique preference for change. The 
probability of individual membership to a class Sic is framed as a function of in-
dividual characteristics (Zki) on a multinomial logit model (MNL) expressed as; 

( )
( )1

exp

exp
ck ki

ic c
jz ij

d Z
S

d Z
=

=
∑

                        (8) 

The variation of class membership summation according to stated preference 

in choice should be equal to zero expressed as; 0 0c
jzj d

=
=∑ . The net-worth or 

maximum amount each respondent will be willing to pay for change as an 
attribute is a coefficient estimated under the mix logit model. And SQ dummy is 
a motivation to avoid radical change promoting a win-win or trade-offs for long 
held beliefs. The value options as part-worth is expressed as; 

Part Worth S T

pr

β β
α

− +
− =                       (9) 

It has been argued before in many studies that incorporating psychological 
factors such as behavioral attributes and beliefs in choice experiments helps in 
faster prediction of peoples’ choices as was stated by [123]. 

In analyzing the constructs, factor analysis was used as a data reduction tech-
nique to come up with a composite variable to represent coping behavior ex-
pressed as; 

1 1 2 2i i i n niBEHAV W X W X W X= + + +                   (10) 

where BEHAVi is the estimated composite score for behavioral variable, Wn, are 
the factor score of regression weight and Xni are the observed score for each in-
dicator. 

2.3. Survey Design 

Identifying the decision to be made is the most important stage of the study 
through definition of choice situation. In this study the design was preceded by 
establishing the list of gated communities within Langata. This was requested for 
from Kenya Alliance of Residents’ Association (KARA). A total of 57 groupings 
were identified from the list issued in the month of January, 2019 just prior to 
the entry workshop event. Upon receipt, a survey tool was drafted. Then the 
group chairmen were contacted through their telephone contacts to establish the 
location of their offices where letters of invitation detailing the research objec-
tives, authorization and request to attend first community workshop were deli-
vered. The initial workshop was held on 20th February, 2019 at YMCA hall in 
South C. 
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The main objective of the meeting was threefold; one, introduction of research 
team to the community (familiarization), two, presentation of research objec-
tives through the draft questionnaire for interrogation and three, notification of 
start of household surveys. The questionnaire was adjusted to incorporate input 
from the meeting. The final questionnaire had 19 questions spread in 4 sections 
to collect socio-demographic and water use information. Section 1, dealt with 
General Information; Date of survey, Name of respondent and Estate of resi-
dence. Section 2, dealt with Respondent’s Information; Gender, Age, Number of 
years of stay in the estate and Education level choices; none (zero level educa-
tion), primary level, secondary level, college level and university level. 

Section 3 had five parts; A, B, C, D and E. In Part A; a future perception of 
water shortage was assessed based on a likert scale as per guide by [124]. The 
scale had five score values, namely; 1, 2, 3, 4, and 5 where value 1 = Strongly 
Disagree that water shortage will worsen in the area and 5 = Strongly agree that 
water shortage will worsen in the area. The intermediate values were in between 
those two extremes. Additionally in this section 3-Part A, the respondent was 
again provided with three boxes to score his/her monthly household’s water bill; 
Water Company (Utility-U), Water vendor (Tanker-T) and Bottled water pur-
chase (B). There was again another box to provide water vendor name, delivery 
type (cart or tanker) and contact. 

In the information sheet, there was an important notice to the effect that, the 
survey targeted only household heads that are believed to be above 18 years of 
age. Section 3, Part B; dealt with scoring on a likert scale as A above on accep-
tance on community based sourcing of municipal and vendor water through a 
Blockchain enabled provenance tracking platform to facilitate water source qual-
ity verification. Part C; just as A above, asked the respondents to agree or disag-
ree that, the shift in B above will partly solve the ongoing water shortage in the 
area. Part D; as C above sought to confirm that the ability to confirm informal 
water’s quality before making a delivery order is likely to reduce water shortage 
stress in the study area. Part E; sought to confirm from the respondent using the 
same likert scale to confirm or disagree with the statement water shortages are 
inevitable; therefore, there is nothing we can do about it. 

Section 4 dealt with vendor water-blockchain enabled quality tracking system 
installation options in four parts; a, b and d. Part b had two sub parts; (i) and 
(ii). In part (a), the respondent was given two choice “yes” and “no” and the 
question was, “does your estate/village/neighborhood experience water short-
age?”. In part (b), the respondent was asked to confirm using “yes” or “no” an-
swers whether when the municipal water supply failed, he/she sourced from a 
vendor. In part (b) sub Section (i), the respondent was asked to answer using 
“yes” or “no” choices whether, after sourcing from a vendor, she/he improved 
water quality by any means. In part (b) sub Section (ii), in case the answer in 
part (b) above sub Section (i) is “no”, the respondent was asked to confirm using 
“yes” or “no” choices whether, he/she instead depended on bottled water on a 
dispenser for drinking purposes. 
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Finally in Part (c), the respondent was to state his/her agreement using “yes” 
or “no” to confirm the quality of vendor/municipal water on a blockchain prov-
enance tracking system with a caveat caution that the answer given was to affect 
his/her response to part (d). Part (d) involved selection of only one option 
choice from a set of four option choices of quality tracking platform. Each had a 
likely effect on future monthly household water bill. Option (I), was based on 
individual household tracking platform with 15% municipal water tariff adjust-
ment, Option (II), was a gated community water quality tracking and sourcing 
through estate water management company with a 12% effect on current mu-
nicipal household monthly water bill, Option (III) was a blend of (I) and (II) as 
above described and finally, Option (IV) was no action (Status Quo). Each op-
tion was diagrammatically presented. Further; the survey team had a translated 
questionnaire in “Kiswahili language” for any respondent who had a challenge 
with the “English version”. For this paper, Part 3 (A) of the questionnaire has 
been left out in the analysis. 

2.4. Sampling and Participant Recruitment 

The study used simple random sampling method; in which each unit included in 
the sample has equal chance of inclusion in the sample. This technique provides 
the unbiased and better estimate of the parameters as the population was as-
sumed to be homogeneous [125]. The fact that the study area is well planned 
made distribution of questionnaires easy. To ensure randomness and wide cov-
erage in the sampling process, the study followed the 57 gated communities 
spread within the five wards of Langata sub County. Circular systematic sam-
pling was used in this study to select a household within a gated community. 

Systematic sampling is a probability sample selection method in which the 
sample is obtained by selecting every kth element of the population, where k = 
N/n where N is population and n is the sample size. The first sampling unit is 
selected randomly within the first k units of the list. For instance, if k = 10, then 
a random number between 1 and 10 is selected first. Suppose the selected ran-
dom number is 8. Then starting with the 8th house in the list of households in 
the gated community, every 10th house (8th, 18th, 28th …) is sampled until the 
desired sample size is reached. We deployed the [126] formula in determining 
sample size as expression in Equation (11) below; 

[ ]
[ ]2

2

1
1

P P
P PA

NZn
R

 
 −
 

− +  =                      (11) 

the population (52,656 households in our case, see section 2.1 above) P = esti-
mated variance in population, as a decimal: (0.5 for 50-50,) A = Precision de-
sired, expressed as a decimal (i.e. 0.05% for 5%) Z = Based on confidence level: 
1.96 for 95% confidence, R = Estimated Response rate, as a decimal, in our case 
100% which is 1. 
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2.5. Household Survey 

The estimated target sample size is 382 households, computed from Equation 
(11) above. A total of 382 questionnaires were eventually distributed to 57 gated 
communities. The questionnaires were distributed to; Karen ward with 9467 
households which received 69 copies into its 14 zones with 13 zones along major 
roads receiving 5 copies each and the last 1 zone receiving 4 copies of 
questionnaire. For South C ward with 13,637 households, 99 copies were distri-
buted into its 12 gated communities with 11 receiving 8 copies each and 1 com-
munity receiving 11 copies. In Mugomoini ward with 12,867 households, 22 
communities received 4 copies each and 1 community received 5 copies of 
questionnaire, making a total of 93. For Nairobi West ward with 8311 households, 
each of its 4 gated communities received 15 copies each making a total of 60. 
Lastly, for Nyayo Highrise ward with 8374 households, 3 of its gated communi-
ties received 15 copies each and 1 received 16 copies making a total of 61. 

Questionnaires were administered to adult members of the family (household 
heads) by two researchers; male and female, who explained every detail to each 
of the respondents. For the literate class, the researchers left the questionnaires 
with the respondents for a minimum of three days to allow adequate time for 
filling the questionnaires. In some cases, repeated visits were made before the 
questionnaires could be retrieved. For the illiterate and semi literate group, the 
researchers guided the respondents through the filling process, using Kiswahili 
language version of the questionnaire. In some other cases, the researchers had 
to fill the questionnaires in accordance with responses from respondents. Note 
that the household survey had two objectives; one, to assess the implication of 
water vending in terms of cost burden to the households. And, two, to assess the 
determinants for adoption of new coping measure. This paper presents only the 
results of first objective. 

2.6. Statistical Analysis Method 

Simple descriptive statistics was used to pick out most important information 
from the household survey data. MS Excel and IBM SPSS Statistics Version 25 
tools were deployed. 

3. Results 
3.1. Descriptive Statistics 

Using IBM SPSS Statistics Version 25, the study established that of the 382 res-
pondents (household heads) in the study area; 71.5% were male (273) and 28.5% 
were female (109). Secondly, in terms of age groups; 24.1% of the respondents 
were under 35 years of age (92), 74.9% were between 36 - 70 years (286) while 
only 1% were above 70 years of age (4). When it came to education, it was found 
that 59.9% had university degrees (229), 18.1% had college qualifications (69), 
15.4% were high school graduates (59), 5.2% were primary school drop outs (20) 
and 1.3% were in the illiterate category (5). 
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Regarding their sources of water and the associated cost for each, the survey 
confirmed that all households depended on the entire three sources; municipal, 
vendor and bottled water in varying proportions. For the municipal tap water, 
93.7% of the respondents confirmed their monthly water bill as being up to 
Kshs. 5000, 2.1% pay above Kshs. 5000 and 4.2% as having zero bills. In addi-
tion, 93.7% stated that they spend in one month up to Kshs. 5000 on water ven-
dor deliveries, 1.8% spend above Kshs. 5000, while 4.5% of the respondents con-
firmed they do not use vended water at all. Finally, on bottled water purchase, 
96.6% of the participants confirmed they use bottled water in a month and that 
96% of these spend up to Kshs. 5000, some 3.4% spend up to Kshs. 20,000. Those 
that do not buy bottled water (3.4%) stated that they use other means like boiling 
the tap and or vendor water for drinking purposes. It should be noted that 1 
USD is equivalent to Kshs. 102.57. 

3.2. Coping BEHAVIOR 

In this section, the study used MPlus version 8.3 Demo for factor analysis. The 
respondents were asked to rate the efficacy of the proposed WQTS, its ability to 
lower water access cost, and their willingness to endorse it for installations using 
a five point likert scale. Additionally, the current monthly bill; municipal tap 
water, vendor delivered water and bottled water purchases were considered as 
relating to their adaptive coping behavior to water shortages. A confirmatory 
factor analysis in MPlus suggested that these six variables, held together well in a 
congeneric measurement model of adaptive coping behavior with computed 
Cronbach’s alpha scale being equal to 0.576 [127]. The mean value for adaptive 
coping behavior was 3.2 (standard deviation of 1.002). On the other hand, res-
pondents were again asked to rate using same scale, how much they agreed or 
disagreed with five statements relating to maladaptive behaviors as concerns the 
minimizing of the impact of water shortages. 

Respondents with high adaptive scores tended to acknowledge the seriousness 
about water shortage problem in the study area. Consequently they were in 
agreement that the proposed solution through adoption of WQTS could make a 
positively difference. These enthusiasts therefore were more likely to accept the 
installation of the proposed provenance tracking system with 53.9% forming the 
tallied majority vote from the results of the survey. Confirmatory factor analysis 
suggested that four maladaptive factors, fit well as a single congeneric measure-
ment model of maladaptive coping behavior. The mean value for maladaptive 
behavior was 3.36 with 1.2 being the standard deviation. Responses to statements 
measuring adaptive and maladaptive behaviors were then run separately and 
formed adaptive coping score range with a mean of 3.2147 and a standard devia-
tion of 1.00183 for the enthusiasts. On the other hand, maladaptive coping had a 
mean of 3.3613 and a standard deviation of 1.19946 for the pessimists. 

3.3. Extended Latent Class Results 

The study used Latent GOLD® version 5.1.0.19164 to search for the appropriate 
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Latent Class structure across dimensions; the number of preference classes, with 
attributes of the solution being spread in four options. The indicator variables 
that were used ranged from coping cost to socio-demographic factors. The real 
meaning of this analysis was to differentiate the coping characteristics of the 
respondents, who despite being faced with a common water shortage problem 
had varied response behaviors. Two major distinct classes emerged; the enthu-
siasts and the pessimists (those with dogmatic tendencies). Option 2 was identi-
fied as the popular choice of the enthusiastic class while the pessimists class 
spread between status quo, individual coping and those with mixed (both indi-
vidual and communal), see Table 1 and Table 2. 

3.4. Willingness to Pay (WTP) 
3.4.1. Households’ Preference for (WQTS) 
Although one can consider differences in marginal utilities in Table 2, one is 
still held back by the potential differences in scale across utility classes. 
Part-worths ordering or marginal WTP measurement on option with most fa-
vorable attributes is more informative. In this case, Table 3 presents the central 
measure of WTP is the median value of 12% monthly tariff adjustment being 
taken as the WTP estimate for adoption of WQTS at 53.93% popularity. 

3.4.2. Factors Influencing the Choice of the Most Preferred Option 
It is worthy to note that of the 53.93% who prefer option 2, a total of 148 of the 
206 endorsing respondents are male (71.46%). This means that male factor was a 
major determinant for the adoption of WQTS in Langata. In terms of the role of 
other indicators, the study established that education degree was the second 
most influencing factor at 61.65%. This means, of the 206 who prefer option 2, 
each of the 127 respondents within the cluster had a university degree. In the 
third place was the age bracket 41 - 55 years in which 87 out of the 206 respon-
dents who endorsed option 2 fall in. Finally, from analysis, 50 respondents from 
Mugumoini ward and 47 from Karen ward constituted the majority of the 206 
respondents who chose option 2. 

4. Discussion 

In comparison to the current market price, the stated WTP levels indicate that 
the WQTS adoption will be above average at 53.93% translating to 206 endorse-
ments from the 382 sampled respondents. This means that the estate management 
 
Table 1. Choice options. 

OPTION DESCRIPTION PRICE CHANGE TICK 

I Households use water quality tracking individually 15%  

II Households use water quality tracking communally 12%  

III Mix of I & II 10%  

IV No change None  
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Table 2. Results from a 1 scale-2utility latent class models. 

Cluster P-Value Prices 

Utility function 

OPTION 1 0.1283 5.1e−33 15% 

OPTION 2 0.5393 5.1e−33 12% 

OPTION 3 0.3115 5.1e−33 10% 

OPTION 4 0.0209 5.1e−33 0% 

Predicted probability of utility class memberships 

Class (Gender) Class 1 

Male 0.7147 

Female 0.2853 

Total 1 

 
Table 3. Part-worths per OPTIONS. 

OPTIONS % VOTES 

OPTION 4 2.1 8 

OPTION 2 53.9 206 

OPTION 3 31.2 119 

OPTION1 12.8 49 

TOTALS 100 382 

***The options were to have average monthly household utility company water bill adjusted by 0%, 12%, 
10% and 15% for options; 4, 2,3 and 1 respectively. 

 
committees within the study area will create a water management subcommittee. 
The latter will then request the Nairobi City Water & Sewerage Company to 
connect the estate through a bulk meter delivering water to a central reservoir. 
Secondly, the individual households will close their accounts with the utility 
company. They will then connect through a smart meter to the estate commit-
tee-run water distribution system. 

The water management subcommittee will create a water quality checking 
framework that largely will entail purchasing supplemental supplies for the es-
tate central reservoir from vendors whose product quality is verifiable through 
the mobile phone application running on blockchain technology platform. The 
payment for water service from individual households will be to the estate man-
agement committee who in turn will pay Nairobi City Water & Sewerage Com-
pany, both using a common smart system. The choice by the respondents who 
prefer the status quo option is insignificant; being only 2.09% of the polled votes. 
The existing arrangement is where each household has an individual water ac-
count with the utility company. The choice of option 2 is a very crucial ar-
rangement because of the waste water evacuation from the households whose 
cost is 75% of the monthly water bill. 
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5. Conclusions 

From the objective set for this study, the majority of residents in Langata 
(53.9%) have endorsed the installation of the WQTS. Secondly, it has been estab-
lished that the male factor had an overriding influence over the choice decisions, 
which implies that most families are headed by men in this neighborhood. Addi-
tionally, the most active residents are aged 36 to 55 years of age. The result of 
this study is very encouraging and the analysis provides evidence for decision 
making. In a way, it can also be interpreted that the citizen voice here is loud 
enough to form basis of crowd sourcing data generation. 

This form of community led water use data generation may continue only if 
this adopted WQTS is secured under a new water supply policy for the larger 
Nairobi city. With such a move, the traceability of the vendor water quality will 
spread to the entire Nairobi City County water distribution landscape. This is 
expected to bring in water access equity and promotion of groundwater envi-
ronment’s protection. This study recommends for a similar study to be con-
ducted for the entire Nairobi City County to map the reaction of all the city res-
idents towards the installation of the proposed WQTS. The paper considers that 
WQTS is an improved response to water shortage situation for the city in terms 
of coping with drought induced water shortage. 
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