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Abstract

Access to safe and reliable domestic water remains a cornerstone of sustainable development. In Kenya and across sub-Saharan
Africa, community-managed water services (CMWS) provide an indispensable source of domestic water for millions of
households. This study assessed household factors associated with sustained access to CMWS in Nakuru County, Kenya. The
study adopted a mixed-methods cross-sectional design, drawing on quantitative data from 130 households across 10 CMWS in
Gilgil and Njoro sub-counties, complemented by six focus group discussions with 10 participants each. Descriptive statistics,
chi-square tests, and binary logistic regression were applied to examine associations between household characteristics and
sustained access. Findings showed that 61.5% of households reported sustained access, while 38.5% experienced unsustainable
access. Education emerged as a significant determinant (p = 0.006): households headed by individuals with secondary education
were more than twice likely to sustain access (OR = 2.23, p < 0.05) compared to those with no schooling. Income sources also
mattered (p = 0.002). Farming households were less likely to sustain access (OR = 0.37, p < 0.01), while daily laborers and non-
government employees reported higher sustainability. Marital status was significantly associated with sustained access (p =
0.005): 60.8% of married households maintained service continuity, widowed households reported the highest level of
unsustainability (12.3%). Household proximity and service availability further shaped outcomes. Households near water points
reported higher sustainability (57.5%) compared to those farther away (42.5%). Service availability was the strongest
determinant (p = 0.001): households with consistently available water were ten times more likely to sustain access (OR = 10.21,
p<0.001). Cost of service showed weaker associations, suggesting that reliability outweighed affordability in shaping household
engagement. Age was negatively associated with sustainability (OR = 0.50, p < 0.01), indicating older household heads were
less likely to perceive water services as sustainable. The study concludes that sustained access to CMWS is mediated by
education, livelihood strategies, marital stability, service availability, and governance confidence. Policy recommendations
include equity-sensitive tariffs, governance transparency, and professionalized backstopping for community systems. Addressing
vulnerabilities among widowed and farming households is essential to achieving universal and equitable water access in line
with Sustainable Development Goal 6.
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1. Introduction and Background

Access to safe and reliable domestic water remains a cor-
nerstone of human survival, health, and dignity. Yet, despite
decades of global investment, significant disparities persist in
how households access, use, and sustain water for domestic
purposes. For many low- and middle-income countries, com-
munity-managed water supply systems (CMWS) have
emerged as the dominant model of service delivery, particu-
larly where government utilities and private operators have
limited reach [21, 29, 42, 44, 46]. These systems, typically
managed by user committees or local associations, play a crit-
ical role in bridging the service gap in both urban informal
settlements and rural areas, contexts where the majority of un-
derserved populations reside. Globally, the scale of reliance
on CMWS is substantial. In urban informal settlements, where
more than 1 billion people currently live [39], piped utility
connections are often unreliable or non-existent. In these en-
vironments, community-managed water points, neighbour-
hood kiosks, and boreholes provide the primary source of wa-
ter for domestic use [16, 30, 37]. For instance, in informal set-
tlements across Nairobi, Accra, and Mumbai, CMWS function
as lifelines by supplying water for drinking, cooking, sanita-
tion, and personal hygiene. These systems, while small in
scale compared to formal utilities, collectively serve hundreds
of millions of urban poor households worldwide [47].

In rural areas, the reliance on CMWS is even more pro-
nounced. An estimated 2 billion rural residents globally con-
tinue to depend on small, community-operated systems such
as boreholes, handpumps, protected springs, and gravity-fed
schemes [29, 44, 47]. This reflects the long-standing “commu-
nity management” paradigm adopted since the 1980s, which
places responsibility for operation and maintenance directly
on local user groups. Although critiques have highlighted per-
sistent challenges of this model including sustainability gaps
and inequitable access, community management remains cen-
tral to global rural water provision, especially in Africa and
South Asia [10, 11, 21, 46]. Sustained household access to do-
mestic water from CMWS, however, is not determined by in-
frastructure alone. Rather, it is strongly shaped by household-
level assets and capacities. Financial resources are among the
most critical determinants: households with the ability to pay
user fees or contribute to repair costs are more likely to enjoy
uninterrupted service, whereas poorer households often face
disconnection or exclusion [21, 24]. Physical assets, such as
proximity to a water point or possession of water storage tanks,
also enhance reliability by reducing time burdens and buffer-
ing against supply interruptions [2, 33]. In addition, human
capital influences how effectively households manage water
use and their willingness to invest in collective systems [25,
27]. Social capital is equally essential; households with
stronger ties to community associations or decision-making
structures often secure more equitable and reliable access [15].
Beyond assets, sociodemographic characteristics of house-
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holds have been consistently linked to sustained access out-
comes. Family size plays a dual role: larger households typi-
cally have greater water demand, which can motivate con-
sistent payment and engagement with CMWS, yet they also
face financial strain in covering recurring water costs [13].
Gender of the household head has also emerged as an influen-
tial factor. Female-headed households, often disproportion-
ately represented among the poor, may face barriers to sustain-
ing access due to limited income or exclusion from govern-
ance processes [31]. Paradoxically, when women lead or par-
ticipate in water management committees, evidence suggests
service sustainability improves because of women’s prioriti-
zation of domestic water security [26].

Educational attainment of the household head is consist-
ently associated with sustained access. Households headed by
individuals with higher education levels are more likely to ap-
preciate the importance of water quality, prioritize fee pay-
ments, and participate in management structures (19). Marital
status also plays a role: married households often enjoy
greater economic and social stability, enhancing their ability
to maintain access, whereas widowed or single-headed house-
holds are more vulnerable to service disruption [16]. Among
all factors, however, socioeconomic status (SES) stands out as
the most powerful determinant. Wealthier households are
more likely to afford user fees, purchase storage or treatment
equipment, and sustain consistent access, while poorer house-
holds remain at risk of exclusion, rationing, or dependence on
unsafe alternatives [35, 36].

Across sub-Saharan Africa (SSA), access to safe and relia-
ble domestic water continues to be one of the most pressing
development challenges. The region has the lowest water ser-
vice coverage in the world, with rural populations and urban
informal settlements disproportionately dependent on com-
munity-managed water services (CMWS). The reliance on
these systems is shaped not only by infrastructural gaps but
also by household-level socioeconomic and sociodemo-
graphic factors that determine whether access is sustained
over time [11, 15]. Rapid urbanization in SSA has led to the
proliferation of informal settlements, now home to over 230
million people [38, 40]. In these densely populated environ-
ments, piped utilities rarely extend their services, and where
they do, affordability barriers prevent equitable access. Con-
sequently, residents rely heavily on communal water kiosks,
boreholes, or small neighborhood-managed schemes [1]. For
example, in Kampala, Uganda, and Darsalaam, Tanzania, wa-
ter kiosks operated by community groups are the main sources
of water for informal settlements dwellers, supplying between
30—60% of households in certain settlements [22]. This reli-
ance underscores the indispensable role of CMWS in safe-
guarding domestic water access for urban poor populations
across the region.

The situation in rural SSA is even more striking. More than
400 million rural Africans depend on CMWS, primarily in the


http://www.sciencepg.com/journal/ijsdr

International Journal of Sustainable Development Research

http://www.sciencepg.com/journal/ijsdr

form of boreholes fitted with handpumps, protected springs,
and small-scale gravity-fed schemes [45]. Community-based
management has long been the dominant model, particularly
after international donors promoted it during the 1980s and
1990s. Despite critiques of its sustainability, this approach re-
mains pervasive, with local committees tasked with collecting
user fees, managing repairs, and ensuring equitable distribu-
tion [42]. In countries such as Ethiopia, Malawi, and Ghana,
more than 60% of rural water points are under community
management [11]. Research across SSA highlights several
household-level factors that determine sustained access to do-
mestic water from CMWS. Financial capacity is central;
households that can consistently pay tariffs or contribute to
maintenance funds are more likely to enjoy reliable service,
while the poorest households often face exclusion or discon-
nection [16]. Proximity to water sources and the ability to in-
vest in storage containers reduce vulnerability to service inter-
ruptions [33]. Additionally, human capital, such as education
levels and awareness of hygiene practices, enhances house-
hold willingness to engage in community governance and pay
for water services [27]. Social factors, including membership
in community associations and trust in management commit-
tees, further strengthen households’ ability to maintain sus-
tained access [42]. Household sociodemographic characteris-
tics significantly influence patterns of water access in SSA.
Family size affects demand: larger households require more
water, making them more likely to prioritize sustained access,
but they also face higher financial burdens that may jeopardize
their ability to consistently pay for services [13]. The gender
of the household head is another critical factor. Female-
headed households, which are common in many SSA coun-
tries due to migration, widowhood, or divorce, often face com-
pounded vulnerabilities, including lower income and exclu-
sion from decision-making [41]. Yet, where women are ac-
tively involved in water committees, service reliability often
improves, reflecting the importance of gender-inclusive gov-
ernance [27].

Educational attainment also plays a key role. Studies in
Ethiopia and Malawi demonstrate that households headed by
individuals with secondary education or higher are more will-
ing to pay for water and more proactive in sustaining services
[19]. Marital status further influences access; married house-
hold heads tend to pool resources and labor, strengthening
their ability to sustain water services, whereas single or wid-
owed heads often face higher vulnerability to disconnection
[18]. Finally, socioeconomic status (SES) remains a dominant
determinant. Wealthier households in SSA are more likely to
afford user fees, invest in water storage, and connect to im-
proved water points, while poorer households remain at risk
of exclusion and reliance on unsafe alternatives [36].

Kenya presents a unique case in understanding the dynam-
ics of household access to water through community-managed
systems. The country has made notable progress in expanding
water supply infrastructure, yet significant inequalities remain
between urban and rural populations. According to the [45],
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about 68% of Kenyans have access to at least basic drinking
water services, but coverage is highly uneven with 91% in ur-
ban areas compared to only 56% in rural areas. This disparity
underscores the heavy reliance on community-managed water
services (CMWS) among both rural households and those liv-
ing in urban informal settlements. Kenya’s urban population
has grown rapidly, leading to the expansion of informal settle-
ments in Nairobi, Mombasa, Kisumu, Nakuru, and other
towns [38]. An estimated 35-40% of the urban population
lives in informal settlements where utility-provided piped wa-
ter is scarce or prohibitively expensive [39]. In these contexts,
CMWS including kiosks, communal taps, and boreholes are
often the main sources of domestic water since rapid urban
growth has outpaced formal water infrastructure investment
[1, 38]. In Nairobi’s Kibera and Mathare settlements, for in-
stance, water kiosks managed by local groups supply tens of
thousands of residents daily. While these systems play a criti-
cal role, their sustainability is often fragile, depending heavily
on household ability to pay and community-level governance
[23].

In rural Kenya, households depend on community bore-
holes, protected springs, and small-scale piped schemes man-
aged by local associations. In Nakuru County alone, the
county government has documented more than 240 commu-
nity-based water projects, most of which provide domestic
water through kiosks or household connections [9]. These
schemes are indispensable for rural households, especially in
semi-arid zones, where domestic water is needed not only for
drinking and hygiene but also for sustaining daily household
routines and childcare [2]. The ability of Kenyan households
to sustain access to CMWS is closely tied to socioeconomic
and sociodemographic characteristics. Financial capacity is
perhaps the most decisive factor: households with reliable in-
come streams are better positioned to pay regular tariffs, con-
tribute to repair funds, and avoid disconnection, whereas
poorer households may face chronic arrears or exclusion [24].
Physical proximity to water points also influences sustainabil-
ity, as households farther from kiosks or taps face higher costs
and time burdens, reducing regular use [33].

Sociodemographic factors further shape access patterns in
Kenya. Family size strongly influences demand: larger house-
holds require greater volumes of water, which can incentivize
regular engagement with CMWS, but may also stretch house-
hold budgets, especially when water is sold per container [13]
The gender of the household head has notable implications.
Female-headed households, which constitute a significant
proportion of households in urban informal settlements and
rural areas due to male migration, widowhood, or divorce, of-
ten face economic vulnerability. These households may strug-
gle to sustain payments for domestic water, though research
also suggests that women prioritize domestic water needs
more consistently than men, often reallocating scarce re-
sources to ensure continued access [41]. Educational attain-
ment of the household head is another important determinant.
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Households headed by individuals with higher education lev-
els are more likely to understand the health risks of unsafe wa-
ter, prioritize sustained use of CMWS, and actively participate
in management structures [19]. Marital status also influences
access: married households often combine resources and share
responsibilities, strengthening their capacity to pay for and
maintain access, while single, widowed, or divorced house-
hold heads may lack sufficient income and support networks
[16]. Socioeconomic status (SES) remains the overarching de-
terminant; wealthier households can afford regular payments,
invest in private connections or storage facilities, and sustain
continuous access, whereas low-income families frequently
face exclusion or intermittent access [36].

1.1. Statement of Research Problem

Despite the critical role of CMWS, global evidence high-
lights significant challenges of sustainability. In urban infor-
mal settlements, systems often fail due to households’ inabil-
ity to afford tariffs, vandalism, or mismanagement of kiosks.
Research in Nairobi and Dhaka illustrates that water kiosks
frequently break down, leaving residents no option but to fetch
water from unsafe streams and rivers [1]. In rural contexts,
failures are even more widespread. Approximately 30—40% of
rural handpumps in sub-Saharan Africa are non-functional at
any given time, reflecting similar patterns in other parts of the
developing world [11]. Globally, thousands of community-
managed systems collapse annually because of low household
contributions, limited technical skills, or governance disputes
[42]. Each of these failures directly undermines household
water security, exacerbating inequalities and hindering pro-
gress toward Sustainable Development Goal 6 on universal
access to safe water [44]. The global picture demonstrates
both the potential and the fragility of community-managed
water services. On one hand, they are indispensable in ensur-
ing access for billions of people who would otherwise remain
unserved. On the other hand, their sustainability is tightly
bound to households’ socioeconomic and sociodemographic
profiles, which influence whether access can be reliably main-
tained. This complexity sets the stage for examining how these
dynamics unfold in specific regions such as sub-Saharan Af-
rica, where reliance on CMWS remains exceptionally high.
CMWS in SSA face alarmingly high failure rates. In urban in-
formal settlements, failures are often linked to affordability
constraints, illegal connections, and poor governance. For ex-
ample, in Lusaka, Zambia, community kiosks frequently shut
down due to mismanagement and inability to recover costs,
leaving households to rely on unsafe shallow wells [7]. In ru-
ral areas, sustainability challenges are even more acute. Ap-
proximately 30-40% of handpumps in SSA are non-functional
at any given time [11]. This means that millions of rural house-
holds are left without sustained domestic water access, under-
mining both health and livelihoods. Failures are commonly at-
tributed to insufficient household contributions, weak ac-
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countability mechanisms, and lack of technical skills for re-
pair [42]. These systemic weaknesses highlight the need for
hybrid models of support, combining community manage-
ment with professionalized backstopping to ensure long-term
functionality [23]. CMWS in Kenya face significant sustaina-
bility challenges. In urban informal settlements, failures are
often linked to affordability constraints, illegal connections,
and weak community governance. In Nairobi’s Mathare set-
tlement, for instance, water kiosks frequently shut down due
to inability to recover costs, forcing households to rely on un-
safe alternatives [1]. In rural areas, failure rates are also high.
Studies indicate that about 15% of rural water points in Kenya
fail within the first year of operation, and 25% are non-func-
tional by the fourth year [12]. These breakdowns are often
linked to household-level challenges such as inability to pay
tariffs, limited technical capacity within communities, and
governance disputes in water user associations [42]. In Na-
kuru County, household disconnections due to unpaid fees re-
main a common problem, undermining sustained access and
threatening the viability of schemes [9].

1.2. Research Objectives

To analyse the influence household socioeconomic factors
and governance perceptions on sustained access to water from
community-managed water supply.

2. Literature Review

2.1. Influence of Household Socio-Economic
Status on Sustained Access to Water from
Community-Managed Water Supply

Households’ socio-economic factors, such as status and ed-
ucation, source of income, marital status as well as the family
size and age are critical predictors of household sustainable
access to service to community-managed water supply. These
characteristics fundamentally influence the households’ ca-
pacity to contribute to community water system maintenance
especially on how they equally participate in governance
structures as well as adapt to water saving technologies.
Household income and livelihood for instance, affects afford-
ability and desire to pay for services, while education influ-
ences understanding of hygiene and the need of using safe wa-
ter [4]. Further, Evidence from Ethiopia demonstrate that com-
munity-based water supply systems serving multiple domestic
and productive uses boosts household income generation as
well as promoting sustainability of rural water services [2]. In
general, households with high education and steady incomes
are better equipped to contribute significantly to the sustaina-
bility and operation of CMWS initiatives. On the other hand,
a lower socioeconomic position could lead to delayed water
payments and inadequate decision-making participation,
which could lead to system collapse [5]. Additionally, coping
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mechanisms and water use during service outages are influ-
enced by family size and age distribution [5]. The community-
managed natural resource management (CBNRM) concept,
which contends that the capacity and incentives of individual
families as well as institutional design are crucial for the sus-
tainable use of shared resources, continues to place a strong
emphasis on the socioeconomic factor. In a similar vein, Am-
artya Sen's Capability approach emphasizes the significance
of creating favourable circumstances that empower house-
holds to make decisions that result in sustainable resource us-
age.

Identifying the influence of socio-economic factors on the
relationship between the water service model and household
sustained benefits of water service access may assist the pol-
icy makers in deciding the appropriate alternative water ser-
vice. How people perceive and experience community-man-
aged water supply can differ by socio-demographic character-
istics such as age, size of the family, wealth, sex and education,
marital status, employment among others. The characteristics
are expected to influence the effect of livelihood, technical,
water service model type and the governance effects on house-
holds’ sustainable access to water services among the rural
households. [4] carried out a survey on determinants of rural
water sustainability across Peru and Bolivia. They employed
household surveys and logistic regression to explore the eco-
nomic predictors of sustained CMWS usage. Key findings
showed that long-term use and financial contributions to water
systems were positively correlated with the household head's
educational attainment and a variety of income sources. Ser-
vice interruptions resulted from poorer households' difficulties
making monthly payments. While the study effectively iso-
lated the education and income effects, it however did not ad-
dress the family size and age, which greatly signify the culture
of the people of Kenya, therefore creating a gap for the current
study.

Burt et al. studied household socio-economic factors and
community-level dynamics influencing rural water sustaina-
bility in South Asia. This study used a multilevel logistic re-
gression framework to analyze more than 1,000 rural families
in Bangladesh and India. The results showed that higher edu-
cation levels, smaller household sizes and dual-income house-
holds were associated with greater user fee compliance and
better reporting of water faults [S]. The study emphasized how
education contributed to stronger community participation.
Despite providing regional insight, the study lacked African
contextual data and overlooked the role of marital status and
household leadership structure For this reason, the current
study sought to integrate these variables in a Kenyan context
of Nakuru County.

A study by [17] on rethinking sustainability in rural water
systems, particularly on the role of socio-economic factors.
The study employed longitudinal methods in data collection
and analysis of the results on smart meters and household sur-
veys in Kenya, Zambia and Uganda. The findings were that
income volatility was a key reason for service breakdowns.
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Additionally, it was found that households with stable income
with fewer dependents were more likely to sustain the use than
others. Education levels as well played a critical role in the
prediction of household water service sustainability especially
when the water governances were weak. Though insightful,
this study focused more on water quantity and payment con-
sistency, not on the full socio-economic factors. The current
study incorporated a broader lens and tested associations more
comprehensively in a Kenyan context at a county level.

The community/agency's ability to contribute to the initial
project cost does not associate with the knowledge or the will-
ingness to continue sustaining the water services. The com-
munity’s willingness to pay, the ability to pay and the quantity
demanded for water services through the piped-to-household
water supply are hypothesized to be associated with the house-
hold socioeconomic characteristics [31]. The study in applica-
tion of capital structure and the sustainable access to service
models engaged beneficiaries and the project chairpersons as
well as bank managers. The structured questionnaires, inter-
views and observations yielded quantitative results where the
amount of the user fee had relatively low but positive relation-
ship with water system sustainable access to service. However,
the author was not categorical on the water service model un-
derstudy, and the context was different from Nakuru since
Kieni is considered semiarid than Nakuru. The methodology
employed by the researcher was distinctively quantitative
therefore limiting the expression of people’s opinions and per-
ceptions. The limitations therefore leave an opportunity for the
current proposed study.

Even though there has been a lot of discussion about the
cost of sustaining rural water systems benefits to households,
very little literature exists on how household income levels as-
sociate with household sustainable access to service of bene-
fits of water services. Household economic considerations are
expected to influence recipients' ability to pay water rates as
well as the operations and maintenance for water systems. [6]
suggest households preferring fetching water at kiosks based
on the expected household budget. [14], employing purposive
research methodology, studied the demographic and socio-
economic factors. Factors influencing water governance. A
sample size of 455 water users as well 9 key informants were
selected as observation units. Via descriptive and qualitative
analysis, gender inequalities in water purveying were realized.
In addition, relatively higher water consumption was seen in
small households than in large ones. Income levels among the
respondents were identified as a key determinant of water ser-
vices sustainable access to service. The results agree with [31]
on the water user fee and the household ability. The study
demonstrated contradictory results especially on water con-
sumption. The authors also did not categorically identify the
water service model under study. The study then opened an
opportunity for the study on household factors associated with
sustainable access to service of community-managed water
service in Nakuru County. [20] notes that though overpricing
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of water services affects the household budget, users' unwill-
ingness to pay, and under-pricing favour the household ex-
penditure on water, leading to the users' unwillingness to pay.
Public water services are expected to enhance affordable and
accessible water services to those who lack domestic or yard
taps. [8] conducted a study on the cost of sustainable water
supply at a networked kiosk in peri-urban centres. The ra-
tionale behind the search was to establish how much it cost the
water users associations who operate the public kiosks and the

2.2. Conceptual Framework

Independent variable

Household socio-economic
status

¢ Education,

Moderating variable

¢ Income

Marital status, & age

A 4

water tariffs enforced on the water users. [34] dictates that
should any water tariff be considered, the sustainable access
to service of the services yield only when the community's
economic status is consulted. [8] argue that the cost of operat-
ing a sustainable public service among the rural communities
cannot be solely borne by the water users alone. If the house-
hold could afford a one-off payment for connectivity, they
would pay fewer water tariffs than those who benefit from the
public water service.

Dependent variable

Sustainable access to service

from Community-managed
water supply

Governance practices of community-

managed water supply

Trust in Participatory Decision
making
Confidence in Water Governance.

Figure 1. Conceptual framework.

The conceptual framework presents the interactions be-
tween the independent variables, the moderating variables as
well as the dependent variables. It diagrammatically relays the
information on the investigated associations between the
households’ and governance factors and the sustainable access
to water services from a community-managed supply in Na-
kuru County Kenya. It illustrates the relationships between
household-level factors and the sustainability of community-
managed water supply (CMWS). At its core is the understand-
ing that sustainability of CMWS is a multidimensional con-
struct composed of technical reliability, financial stability, and
social equity each measured though indicators such as service
interruptions, frequencies, revenue collection approach, tariff
fairness, access equity, as well as household continued use. It
is informed by five key domains of household-level variables:
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The socio-economic factors that encompass education level,
marital status, income source, family size and age of the
household head. These factors affect the household's capacity
to engage with and support community water initiatives. Sec-
ondly, household experiences with CMWS governance prac-
tices. governance was conceptualized as moderating variable
with 2 distinct indicators that is, Trust in participatory decision
making and confidence in water governance. Crucially, to
strengthen the analytical rigor, the framework incorporates
household perception on governance as a moderating variable,
with a specific focus on trust in participatory decision-making
processes and confidence in water governance systems. Trust
in participatory decision-making was defined as a household’s
perception that governance of community water systems is fair,
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transparent and inclusive. While, confidence in water govern-
ance was conceptualized as residents’ belief in the reliability,
affordability and integrity of the water service and the organi-
zations that manage it, moderating variables were posited to
influence the strength and direction of the relationships be-
tween the independent household-level variables and the sus-
tainability of CMWS. In other words, even where household
factors may be favorable or unfavorable; their effect on sus-
tainable access to service was significantly shaped by the
community's level of trust in governance mechanisms and the
degree to which households believe in the legitimacy and
functionality of participatory structures. For instance, high
trust in participatory decision-making, amplifies the positive
effects of household engagement, while low confidence in
governance dampen the willingness of households to support
or invest in local water systems, regardless of other enabling
factors.

The conceptual framework therefore highlights the com-
plex interplay between household-level determinants and
broader governance contexts in shaping the sustainability out-
comes of community-managed water supply. It aligns with the
principles of participatory development, systems thinking and
decentralization, all of which emphasize the necessity of insti-
tutional trust and community engagement in achieving long-
term water service delivery outcomes. By explicitly integrat-
ing governance and institutional trust as moderating variables,
the framework offers a more nuanced and realistic depiction
of sustainability in a rural water system.

3. Methods

3.1. Study Design and the Overview of the
Study Site

The study used a mixed research design method employing
both quantitative and qualitative approaches in data collection
and analysis. The design was appropriate as it allowed cross-
sectional examination of household Socioeconomic character-
istics influence on sustainable water service access from com-
munity-managed water supply. The study focused on Njoro
and Murindat Wards, rural and peri-urban areas in Njoro and
Gilgil Sub-Counties, respectively. This was based on the
premise that water governance in Nakuru County is signifi-
cantly influenced by the population growth rate as well as in-
stitutional flaws, considering that annual rainfall ranges at
669mm annually [9]. As a result, many households depend on
rainwater collecting systems, boreholes, protected springs,
and small-scale piped networks, mostly managed by local user
associations and community-managed organizations. As of
the 2023 Nakuru County review, 66% water supply coverage
shared connections and community sources, while 40% relied
on unimproved sources. Piped water was available to 36.8%
of houses. The county's water supply is primarily reliant on
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subterranean water with high fluoride levels. Rainwater col-
lection is another primary source of water in the county, with
about 80% of families relying on it [9]. The County govern-
ment of Nakuru, through institutional arrangements, has es-
tablished 248 community-managed water projects. Among the
community-managed water projects, approximately 17 serve
through the piped-to-household and public water services
models, while the rest (231) serve distinctively through the
public water services. The community-managed water organ-
izations source water from various sources, including bore-
holes, rivers, dams, pans, roof catch and springs, with bore-
holes being the most predominant source. In contrast, pan and
roof catch are the least practiced [9].

The two types of communities differ significantly in terms
of household income, access to infrastructure and population
density. The selection of both peri-urban and rural areas in Na-
kuru County was intentional to capture various socio-eco-
nomic factors that influence households' sustained access to
community-managed water services. Rural areas are predom-
inantly agrarian, with low physical infrastructure. At the same
time, peri-urban districts function as transitional zones be-
tween urban and rural environments, with more diverse liveli-
hoods, higher population density and rising service expecta-
tions [3]. By combining both environments, the study provides
a more thorough understanding and makes its conclusions
more relevant across Kenya's many community situations. In
rural areas, Nakuru County's water service delivery involves a
hybrid strategy that comprises private vendors, community-
managed water systems and public utilities such as NA-
WASSCO. The latter operate under the Ministry of Water's
community project model, which gives local water user organ-
izations (WUAs) management for the water supply, often with
little external assistance. Although these programs are essen-
tial for rural water access, they suffer several sustainability
risks, such as inadequate institutional capacity, inconsistent
maintenance and low accountability.

The study was conducted in specific wards (Njoro and Mu-
rindat), which enhanced the inclusion of both the peri-urban
and rural context that reflects Kenya's broader socio-economic
factors as well as cultural diversities within Nakuru County.
By incorporating multiple contexts (per-urban and rural) that
are densely and sparsely populated, the researcher aimed at
ensuring variability in source of income, education level, ser-
vice accessibility water access and user practices. Nakuru
County, particularly Murindat and Njoro Wards, was selected
as the research location due to the use and outcomes of CMWS,
the variety of water governance models, persistent service de-
pendability issues, and the presence of multiple community-
managed systems that have functioned over time with varying
degrees of success. The researcher selected Nakuru County
particularly Gilgil and Njoro wards as the study area. This was
due to their heavy reliance on community-managed water ser-
vices featuring diverse governance approaches and their ser-
vice reliability challenges. Furthermore, these wards consti-
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tute multiple CMWS that have operated over varying dura-
tions while at different levels of success. The exclusion of
other wards was due to their predominant reliance on the cen-
tralized (public utility) and sufficient limitation on governance
and performance history. These reasons made them unsuitable
for examining the factors that influence sustained access to
CMWS [9]. The county offers a pertinent microcosm for in-
vestigating how household-level elements, such as the con-
venience of water services, socio-economic factors, govern-
ance, households' experiences with CMWS quality, experi-
ences with livelihood, and views of governance, influence
CMWS's long-term viability.

3.2. Operationalization of Study Variables

The dependent variable of the study was sustainable water

access to service from community-managed supply, which is
a binary variable Y (0 or 1). It was anchored on two separate
concepts: piped-to-household water services sustainable ac-
cess to service and the unsustainable access to service of
piped-to household community-managed water services. To
create the binary variable, sustainable access to water service
from community-managed supply, Principal Component
Analysis (PCA) on 3 questions was applied. The questions
were, “If your household has piped water, is the water running
NOW?”; “If your household has piped water, has the water
been running for the last 1 month”; and “If your household has
piped water, has the water been running for the last three
months” to create a single indicator Y (coded as 0 or 1). First,
before performing PCA, a reliability test of the 3 questions
was conducted, and the 3 questions were found reliable based
on Cronbach’s alpha (o = 0.905) as shown below.

Table 1. Reliability Statistics of Water Service Sustainable access to service.

Reliability Statistics of Water Service Sustainable access to service

Cronbach's Alpha

0.905

N of Items

The researcher then proceeded to create a composite variable using PCA. He selected the first PCA, which explained 84% of total variations

in the original data (See Table below).

Table 2. Total Variance Explained.

Initial Eigenvalues

Extraction Sums of Squared Loadings

Component
Total % of Variance Cumulative% Total % of Variance Cumulative%
1 2.523 84.087 84.087 2.523 84.087 84.087
2 461 15373 99.460
3 .016 540 100.000

Extraction Method: Principal Component Analysis.

By extracting the first principal component, values above 0
were indicators of sustainable access to service water services
(Y = 1) while values below 0 were indicators of unstained use
water services (Y = 0). It was found that 80 (61.5%) of users
were found to have sustained the service while 55 (38.5%) of
users found to have been unable to sustain the service.

Governance measures namely trust in participatory deci-
sion-making and confidence in water governance were the
moderating variables in all regression models. Trust in partic-
ipatory decision-making was defined as a household’s percep-
tion that governance of community water systems is fair,
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transparent and inclusive. Trust in participatory decision-mak-
ing was conceptualized as a household’s perceived fairness,
transparency and inclusiveness in the governance of commu-
nity water systems. A five-item Likert scale was used to in the
household questionnaire, higher scores indicating greater trust
in participatory decision-making. Negatively phrased items
were reverse coded before a mean composite score was com-
puted, then standardized using z-scores for analysis. Z-score
values were used to create a binary variable such that values
below 0 were used as reference category (Low). Table 3.
Shows internal consistency of the scale used.
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Table 3. Reliability Statistics of trust in participatory decision-making.

Reliability Statistics of trust in participatory decision-making
Cronbach's Alpha

0.82

Confidence in water governance referred to residents’ belief
in the reliability, affordability and integrity of the water ser-
vice and its managing structures. To measure this construct, a
seven-item Likert scale was included in the household ques-
tionnaire with responses raging form 1 (strongly disagree to
strongly agree). Higher scores indicated greater confidence.
Negatively phrased items were reverse coded before a mean
composite score was computed, then standardized using z-
scores for analysis. Z-score values were used to create a binary
variable such that values below 0 were used as reference cat-
egory (Low). Table 4 shows internal consistency of the scale
used.

Table 4. Reliability Statistics of confidence in water governance.

Reliability Statistics of confidence in water governance

Cronbach's Alpha N of Items

0.88

Each of the variables above were created as composite var-
iables through simple average method and converting the raw
scores into standard scores using z-scores and later converting
them into binary forms with zero as a reference. Standard
scores below zero are considered worse while values above
zero as considered better with appropriate labels.

3.3. Quantitative Data Analysis

Results were presented following the objectives of the study.

For each objective, descriptive results were first presented in
a univariate style focusing on individual variables. This was
followed by cross-tabulation analysis, which presented asso-
ciation analysis between each variable and the water service
sustainable access to service. Each association was accompa-
nied by a corresponding chi-square test of association with p-
value at 95% confidence level.

Since the dependent variable (sustainable water service ac-
cess from a community-managed water supply), was dichoto-
mous, binary logistic regression modelling was used to assess
factors influencing the household sustainable access to service
from community-managed water supply for each of the study
objectives. In developing the binary logistic regression model,
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N of Items

Y (0 or 1) for sustainable access to water service, the research
transformed the outcome variable (Y) into a dichotomy varia-
ble representing the presence or absence of the sustainable wa-
ter service access simply because logistics regression requires
a binary outcome. That was done to describe a probable pres-
ence of variables of interest in improved community-managed
water service use and sustainable access to the service.
logit(p) = By + B;X;. is an event where log (p)=in(p/I-p). It
is a log of the odds for success and Pi Xi described a linear
combination of a set of household social-economic factors, ru-
ral-urban gradient factors, perception of water quality, service
conveniences of water services factors, livelihood factors, and
the governance factors as drivers of households proved sus-
tainable access to service from community-managed water
service.

Analysis was performed using SPSS prior to model estima-
tion and data were checked for logistic regression assumptions.
A sequential modeling approach, the logistic regression model,
was used in the analysis of objectives in determining the in-
fluence of community-managed water service in Nakuru
County Kenya. In the assessment, a question was posed; on
whether households’ socioeconomic characteristic, govern-
ance practices, conveniences of water services, perception on
water quality, and livelihood perception influenced sustaina-
ble access to service from community-managed water service
amongst connected-and-non-connected members. The re-
searcher employed the most fit cut-off of P=0.005 [23]. The
study also noted that advances in the statistical methodologi-
cal and practices emerged to report the p-values as either
p=0.10, p=0.05, p=0.001 with a categorical respect to p=0.005
benchmark for example p=.05. The logistic regression coeffi-
cients were evaluated at a standard 95% confidence level
(p=0.05) however for association approaching significance
(for example, p-value 0.05 and 0.10) results were interpreted
with caution and noted as marginally significance at the
90%confidence level. Additionally, a positive dy/dx in the
marginal effects model portrays the predictor variable in-
creases the community-managed water service sustainable ac-
cess to service while the negative driver shows that the pre-
dictor variable never increased the household community-
managed water sustainable access to service.

The logistics regression was done through sequential ap-
proach where model 1 presented summary results of the rela-
tionship between the respective indicators among the study pre-
dictors and the sustainable access to services from community-
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managed water supply. This was then followed by a sequential
addition of variables to model 2 (marital status,) and model 3
(family size and age) variables were included with relevance to
the specific study objective under examination. Model 4 was
built by adding two governance factors as moderating variables,
which were the same across all study objectives as trust in par-

ticipatory decision-making and confidence in water governance.

Regression coefficients (odds ratios) and p-values determined
the likelihood of sustained water service use, with Root Mean
Square Error (RMSE) evaluating model fit.

3.4. Research Participant, Selection and
Enrolment

A sample size of 135 households were selected using mul-
tistage sampling as guided by the Krejce and Morgan sam-
pling table [25], which is most appropriate when the popula-
tion size is known. Consequently, two stage stratified sam-
pling strategy was employed to enhance representatives across
both services access and geographical dimensions. In the first
stage, the three water projects’ areas (Erithia, Karunga and
Ngewacho) served as primary strata that allowed the research
to capture most potential context differences in the commu-
nity-managed water services implementation. In the second
stage, the households within each project area were further
stratified according to their piped-water connections status.
The study population was stratified into three distinct yet mu-
tually exclusive groups based on their community-managed
water system connection history. The researcher created sepa-
rate list for each connection status stratum. The first stratum
comprised of households that had never been disconnected
from the main pipe since the initial connection. The second
stratum included the household who experienced disconnec-
tion at least ones but they were later reconnected and contin-
ued with access to water services. The third stratum comprised
of household that were disconnected and never connected,
which means thy no longer receive water services from a com-
munity-managed water supply. The approach ensured that all
households including the disconnected or never reconnected
households were included in the study. The researcher ensured
that each household fell into only one category since the strata
were fully distinct and not overlapping. The approach ensured
geographical context and service continuity were categori-
cally represented in the sample while ensuring mutually ex-
clusivity of the strata and non-overlapping. The researcher
employed the random selection of respondents from each stra-
tum in order to reduce choice and coverage biases, and there-
after, random number tables to select participants from the wa-
ter projects list of water users, therefore giving every partici-
pant an equal chance in the study.

Purposive sampling was used to select participants who par-
ticipated in the FGDs. Recruitment criteria included partici-
pants with diverse experiences with community-managed ser-
vices such as participation during installation of pipes, source
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of materials, experiences with water service provision, expe-
riences with different kinds of disruption of services from
community-managed supply including disconnection and re-
connection. 60 participants were recruited to participate in the
FGDs. There were three FGDs for each of the two community-
managed water supply projects, namely, women who had
never experienced disconnection, women from housheolds
that had experienced a disconnection of services but recon-
nected, and women from households that had never been dis-
connected.

3.5. Data Collection Method and Data Analysis

Structured household questionnaires were used to collect
quantitative data, while the qualitative data were obtained
through focus group discussions (FGDs). The discussions were
conducted in the Kikuyu language and later translated into Eng-
lish for analysis. A pilot test was conducted in the Subukia con-
stituency to enhance the reliability and validity of the instru-
ment. The quantitative data were analyzed using thematic for
qualitative method while quantitative data through descriptive,
cross-tabulation, and chi-square test at a 95% confidence level.
Binary logistic regression was used to assess the factors influ-
encing a household's sustainable access to services from a com-
munity-managed water supply. Trust in participatory decision
making and water users' confidence in water governance (mod-
erating variables) was measured through interaction terms in
multivariate logistic models. The Root Mean Square Error
(RMSE) was employed to evaluate model fitness.

3.6. Ethics Statement

Data was collected in strict compliance with the principles
of the National Commission of Science and Technology (NA-
COSTI) and the St Paul's University Ethical Review Board
(SPU-ERB). Consequently, the process of enhancing the con-
fidentiality of the data provided by the respondents, either
through the questionnaire or interview recording, was strictly
observed. Participation was voluntary, and written informed
consent was obtained from all the research participants; they
received no compensation for participation.

4. Research Findings

4.1. Descriptive Analysis on Socio-Economic
Status (SES) on the Sustained Use of
Community-Based Water Services

The objective of this study was to examine the influence of
household socio-economic status (SES) on the sustained use
of community-based water services amongst connected and
non-connected members. The SES considered in this study in-
cludes education level, employment status (source of income
information), marital status, family size, and age.
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Table 5. Descriptive analysis.

Variable Frequency/Statistic Percent
Education Level

No formal schooling 7 5.4
Primary 40 30.8
Secondary 64 49.2
Greater than secondary 19 14.6
Source of Income

Farming 65 50
Business 13 10
Employed by the government/Govt Agencies 10 7.7
Employed in non-government Agencies 14 10.8
Daily labour (casuals paid on a daily wages) 7 5.4
Self-employed 18 13.8
Remittances 3 23
Marital status

Single 18 13.8
Married 79 60.8
Separated 8 6.2
Divorced 2 1.5
Widowed 23 17.7
Family Size

Mean 4.6

SE. Mean 0.2

Minimum 1

Maximum 12

Age (Years)

Mean 52.1

SE. Mean 1.3

Minimum 28

Maximum 88

The survey reveals that most respondents have achieved at
least secondary education. Specifically, 49.2% of respondents
have completed secondary education, while 30.8% have at-
tained primary education. A smaller proportion, 14.6%, has
education beyond the secondary level, and a minimal 5.4%
have no formal schooling. This distribution indicates a rela-
tively educated population, which could influence the under-
standing and utilization of community-managed water supply.
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The higher education levels assumed to correlate with better
knowledge and practices regarding water usage and conserva-
tion, which might affect the sustainable access to community-
managed water supply. The findings of this study are con-
sistent with [1, 23] who reported relatively educated popula-
tion influence water users’ engagement in the community-
managed water systems.

Income sources among the surveyed households show a
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predominance of agricultural activities, with 50.0% of re-
spondents relying on farming. Other notable sources of in-
come include self-employment (13.8%) and business activi-
ties (10.0%). Employment in government (7.7%) and non-
government (10.8%) agencies also contributes significantly. A
smaller percentage of households depend on daily labour
(5.4%) and remittances (2. 3%).

The study hypothesizes that diversity in income sources
suggests varying economic stability and resource availability
among households, which can influence their ability to sustain
payments for community-managed water supply. Availability
and affordability of water was one of the strongest pillars of
livelihood coping mechanisms. Evidence from FGDs suggests
that households maximise use of water as a contributing
source of income by either growing vegetables for sale and at
some point the water is helpful since its availability and af-
fordability determines the household capacity to rear animals
and later sell them at a profit.

One of the participants observed,

“One is able to plant onions, kales and when it is supplied,

you are able to water them and have something to eat. You

can also sell the kales” (FGD2)

Another one noted that:

“I can say that water is good. It really helps us in farming,

giving water to cows and to plant kales and onions things

like that. The challenges come in when they disconnect the
water. You see you even lack drinking water and also the
money making is reduced” (FGD2)

The findings are consistent with the findings of [16, 42]
whose study confirmed that among the various livelihoods,
agriculture remains the backbone for the rural households.

As regards marital status, data indicates that 60.8% of re-
spondents are married while 17.7% of respondents are wid-
owed, which could affect household dynamics and economic
status. Smaller proportions of the population are single
(13.8%), separated (6.2%), or divorced (1.5%). The findings
of this study especially on the married respondents and
smaller proportions of single, widowed or divorced respond-
ents is consistent with the findings of [23], who revealed that,
being married contributes in the household water management
and engagement with the community based water systems.
The average family size among surveyed households is 4.6
members, with the range extending from single-member
households to those with up to 12 members. The standard er-
ror of the mean is 0.2, indicating a moderate variability in fam-
ily sizes. Typically, larger households may have higher water
needs, which can influence the demand and usage patterns of

community-managed water supply compared to smaller
households. The study hypothesizes that these variations in
family structure may present unique challenges or advantages
in terms of household water management. This finding are
consistent with [42], who revealed that larger households have
higher water needs and therefore may face challenges in water
management.

Respondents' ages ranged from 28 to 88 years, with a mean
age of 52.1 years and a standard error of the mean of 1.3 years.
This indicates a mature population, with a broad age distribu-
tion encompassing both younger and older adults. The age of
respondents can significantly influence their perceptions and
use of community-managed water supply. Older individuals
might prioritize reliability and ease of access, while younger
respondents could be more adaptable to changes and new
technologies in water management. Understanding the age de-
mographics is crucial for tailoring water service policies and
interventions to meet the needs of all age groups effectively
[23]. These findings are consistent with the findings of [23]
who revealed that age demographics matter in design inter-
ventions for sustainable water service access.

The study found that 80 (61.5%) of users found water ser-
vices sustainable while 50 (38.5%) of users found water ser-
vices unsustainable. The table below presents a cross-tabula-
tion between sustainable water access to community-managed
supply and different educational levels, sources of income and
marital status alongside with chi-squares’ test of association
(p-value). The purpose of this analysis was to examine
whether there is any significant association between these in-
dividual social-economic statuses with sustainable access to
water service. The percentage of each sustainable access to
service category is distributed across each level of education,
sources of income and marital status to establish the bulk in
each category.

4.1.1. Cross Tabulation Analysis

The table below presents a cross-tabulation between sus-
tainable water access to community-managed supply and dif-
ferent educational levels, sources of income and marital status
alongside with chi-squares’ test of association (p-value). The
purpose of this analysis was to examine whether there is any
significant association between these individual social-eco-
nomic statuses with sustainable access to water service. The
percentage of each sustainable access to service category is
distributed across each level of education, sources of income
and marital status to establish the bulk in each category.

Table 6. Summary of Cross tabulation analysis for SES.

Variable Sustainable access to service

Education Level

No formal schooling 1 (14.3%)
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Unsustainable access to service P-value

0.006
6 (85.7%)
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Variable Sustainable access to service
Primary 25 (62.5%)

Secondary 46 (71.9%)

Greater than secondary 8 (42.1%)

Sources of Income

Farming 32 (49.2%)

Business 9 (69.2%)

Employed by Govt 6 (60%)

Employed in non-govt. 13 (92.9%)

Daily Casual Labour 7 (100%)
Self-employed 13 (72.2%)
Remittances 0 (0%)

Marital status

Single 14 (77.8%)
Married 50 (63.3%)
Separated 7 (87.5%)
Divorced 2 (100%)
Widowed 7 (30.4%)

Source: Field Data (2025)

Among respondents with no formal schooling, a large ma-
jority (85.7%) reported unsustainable access, with only 14.3%
indicating sustainable service. For those with primary educa-
tion, 62.5% reported sustainable access compared to 37.5%
who reported unsustainable access. A similar pattern is ob-
served among respondents with secondary education, where
71.9% reported sustainable access and 28.1% reported unsus-
tainable access. However, respondents with education beyond
secondary school showed a reversal of this trend, with 57.9%
reporting unsustainable access compared to 42.1% reporting
sustainable access. These findings suggest that basic and sec-
ondary education are associated with more positive percep-
tions of water service sustainability, while higher education
may be linked to more critical evaluation of service perfor-
mance. These findings suggest that basic and secondary edu-
cation are associated with more positive perceptions of water
service sustainability, while higher education may be linked to
more critical evaluation of service performance. Thus, these
results suggest that higher education levels are generally asso-
ciated with a more positive reporting of water service sustain-
able access to service. Thus, these results suggest that higher
education levels are generally associated with a more positive
reporting of water service sustainable access to service. These
findings are consistent with [1, 23, 42] whose studies con-
cluded that education improves water knowledge and users
participation and management process adherence therefore
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Unsustainable access to service P-value

15 (37.5%)
18 (28.1%)
11 (57.9%)
0.002
33 (50.8%)
4 (30.8%)
4 (40%)
1(7.1%)
0 (0%)
5(27.8%)
3 (100%)
0.005
4(22.2%)
29 (36.7%)
1(12.5%)
0 (0%)
16 (69.6%)

leading to better sustainable water services access.

The source of household income also demonstrates a statis-
tically significant relationship between sources of income and
the reported sustainable access to water services (p = 0.002).
Households engaged in farming reported nearly equal out-
comes, with 49.2% indicating sustainable access and 50.8%
indicating unsustainable access, suggesting mixed experi-
ences. Business owners showed more favourable outcomes,
with 69.2% reporting sustainable access compared to 30.8%
reporting unsustainable access. Among government employ-
ees, 60% reported sustainable access and 40% unsustainable
access. Notably, respondents employed in non-governmental
organizations reported very high levels of sustainable access
(92.9%) with only 7.1% reporting unsustainable access. Daily
casual labourers uniformly reported sustainable access
(100%). Similarly, self-employed respondents showed strong
positive outcomes, with 72.2% reporting sustainable access
compared to 27.8% unsustainable access. In contrast, all re-
spondents relying on remittances reported unsustainable ac-
cess (100%). This pattern may imply that more diversified or
regularized income streams improve a household’s ability to
meet user fees, connection charges, and maintenance contri-
butions, thereby supporting more reliable access. Heavy de-
pendence on farming, which is often seasonal and vulnerable
to climatic and market fluctuations, may undermine service
continuity. This pattern may imply that more diversified or
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regularized income streams improve a household’s ability to
meet user fees, connection charges, and maintenance contri-
butions, thereby supporting more reliable access. Heavy de-
pendence on farming, which is often seasonal and vulnerable
to climatic and market fluctuations, may undermine service
continuity. These findings suggest that more stable and diver-
sified income sources, particularly non-governmental em-
ployment and self-employment, are associated with higher
likelihood of sustainable water service access, while reliance
on remittances is linked to poorer outcomes. These findings
agree with the findings of [23, 42] whose findings support the
idea that households’ livelihood affects water services access
sustainability perception.

Similarly, marital status shows a significant association
with the perceived sustainable access to service of water ser-
vices (p = 0.005 Marital status similarly reveals significant
differences. Although married respondents formed the major-
ity in both categories, unsustained access was especially pro-
nounced among widowed households (32% compared to 8.8%
among sustained access households). This may reflect height-
ened socio-economic vulnerability among widowed house-
hold heads, including reduced labour capacity, lower income
security, and weaker social support systems. Overall, the find-
ings confirm that household socio-economic characteristics
are significantly associated with sustained access to commu-
nity-managed piped water services, and they underscore the
importance of addressing social and economic inequalities in
efforts to improve long-term water service sustainability.
These results suggest that marital status, particularly being
married or in a stable household structure, is associated with

better access to sustainable water services, while widowed in-
dividuals may face greater vulnerability and challenges in
maintaining consistent water access. These findings concur
with [31], who reported that sustained access to community-
managed water services is closely associated with household
socio-economic characteristics, particularly stability within
the household structure.

While cross-tabulations provide useful information regard-
ing the association between sustainable access to water service
and individual categorical independent variable, multivariate
analyses that account for more than single variable may be
more desirable to examine marginal contributions of each var-
iable simultaneously.

4.1.2. Binary Logistic Regression Model Results

Table 7 below presents logistic regression model showing
odds ratio for each variable with standard deviation in paren-
thesis. The significance of each odds ratio is shown by the
number of stars associated with p-value (" p < 0.1, " p < 0.035,
" p <0.01, ™ p < 0.001), while the values in parenthesis rep-
resent standard deviations (SD). Model one shows results for
predicting water service sustainable access to service based on
education level and sources of income. Marital status is in
Model two while in Model 3, both family size and age feature
simultaneously. The Root Mean Square Error (RMSE) is dis-
played below each model. To avoid inflation of coefficients
for categorical variables, dummy variables were created. Only
smaller categories in each variable were classified as “Other”.
Thus, the results compare the odds ration of the most prevalent
category relative to other categories combined.

Table 7. Summary of Binary logistic regression model on households’ socio-economic factors.

Variable Beta
(Intercept) 0.417
Education (Ref: Secondary)

No formal schooling -1.883
Primary -0.312
Greater than secondary -0.947
Main Source of income (Ref: Farming)

Business 0.668
Employed by Govt 0.293
Employed in non-govt 1.692
Daily casual labour 1.413
Self-employed 0.699
Remittances -1.560
Marital status (Ref: Married)

Single 0.512

Std. Error Wald Odds Ratio P value
0.421 0.980 1.517 0.322
1.194 2.497 0.152 0.115
0.411 0.576 0.732 0.448
0.554 2.921 0.388 0.087
0.670 0.994 1.950 0.319
0.682 0.185 1.340 0.667
0.974 3.017 5.430 0.082
1.099 1.654 4.108 0.198
0.549 1.621 2.012 0.203
1.640 0.904 0.210 0.342
0.557 0.845 1.669 0.358
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Variable Beta
Separated 1.002
Divorced 1.223
Widowed -1.032
Family size 0.099
Age -0.677

Note: + p <0.1, * p <0.05, ** p<0.01, *** p <0.001
Source: Field Data (2025)

Results show that education was not a statistically signifi-
cant predictor of sustained access to service from community-
managed water supply. Compared with respondents who at-
tained secondary education, those with no formal schooling
(OR =0.152, p =0.115), primary education (OR =0.732,p =
0.448), and greater than secondary education (OR = 0.388, p
= 0.087) showed lower odds of reporting sustained access.
Although these effects were not statistically significant in the
fully adjusted regression model, education was significant in
when considered in isolation in cross tabulation analysis. This
suggests that its influence is partly mediated by demographic
factors such as age and family size. The argument indicates
that while education enhances awareness, its independent ef-
fect diminishes when broader socio-demographic conditions
are accounted for. These findings align with studies by [1, 23,
43] who revealed that literacy and secondary education are
significantly associated with household participation in water
committees and timely water tariff payment.

Using farming as the reference category, source of income
was not statistically significant in the final model, although
the direction of effects remained substantively meaningful.
Households employed in the non-government sector had
higher odds of reporting sustained access (OR = 5.432, p =
0.082), while those engaged in business (OR = 1.950, p =
0.319) and self-employment (OR = 2.012, p = 0.203) also
demonstrated positive associations. These relationships were
statistically significant in earlier models but weakened after
controlling for age and family size. In simple terms, house-
holds with more stable or diversified incomes are more likely
to maintain reliable water services than those dependent on
farming. This pattern reflects the vulnerability of agricultural
livelihoods to seasonal income fluctuations, which can limit
households’ ability to pay tariffs or participate in water gov-
ernance. The findings are consistent with [1, 23, 42]. whose
studies concluded that education improves water knowledge
and user participation, thereby influencing perceptions and
management of sustainable water services.

Marital status did not significantly influence sustained access
in the final model. Compared with married respondents, single
(OR = 1.669, p = 0.358), separated (OR = 2.724, p = 0.307),
and divorced individuals (OR = 3.397, p = 0.412) showed
higher but non-significant odds, while widowed respondents
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Std. Error Wald Odds Ratio P value
0.981 1.042 2.724 0.307
1.489 0.674 3.397 0.412
0.548 3.546 0.356 0.060
0.211 0.220 1.104 0.639
0.225 9.054 0.508 0.003

exhibited lower odds (OR = 0.356, p = 0.060). These findings
suggest that marital status alone does not independently deter-
mine perceptions of water service sustainability. Although mar-
ital status showed modest effects in earlier models, its influence
appears to be indirect, mediated through economic stability and
household structure. Similar observations have been reported
by [1, 42] which notes that being married influences household
participation in decision-making and water payment. However,
there are other household characteristics such as income, family
size, and age, which influence sustainable access.

Both family size and age feature in Model 3. Family size has
an odds ratio of 1.104 (SD = 0.233), indicating a slight, non-
significant increase in the likelihood of perceiving water ser-
vices as sustainable with larger family sizes. Age, however,
shows a significant negative association with sustainable access
to service perception, with an odds ratio of 0.508 (SD =0.114),
indicating that older respondents are less likely to find water
services sustainable. This effect is statistically significant at the
p<0.01 level. family size was not significantly associated with
sustained access (OR = 1.104, p = 0.639). This indicates that
larger households were neither more nor less likely to perceive
water services as sustainable. While larger families may benefit
from pooled labour and resources, they also face increased wa-
ter demand and expenditure. The absence of statistical signifi-
cance suggests that household size alone does not determine
perceptions of sustainability and that economic and institutional
factors play a more decisive role. These findings align with pre-
vious findings by [1, 23] which highlight that household heads
may have developed less adaptability to service changes. Addi-
tionally, they may less likely want to participate in the manage-
ment of water services or be more sensitive to water service dis-
ruptions where the family size alone does not determine percep-
tions sustainable access to water services.

The findings demonstrated that sustained access to commu-
nity-managed water services is shaped by a complex interplay
of socio-economic and demographic factors. In accessible
terms, households with higher education, stable income
sources, and younger household heads are more likely to
maintain reliable water service access, while those dependent
on subsistence livelihoods or characterized by older demo-
graphic profiles face greater challenges. From the perspective
of Capability theory, the results demonstrate that education,
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income, and demographic characteristics influence house-
holds’ capabilities to access and sustain essential services. In-
vestments in human capital and livelihood diversification en-
hance households’ freedom to secure reliable water access.
Similarly, Socio-Technical Systems Theory emphasizes that
water service sustainability is not merely a technical issue but a
product of interactions between infrastructure, institutions, and
social conditions. The attenuation of socio-economic effects af-
ter controlling for demographic variables highlights the inter-
connected nature of these systems. Sustainable water manage-
ment therefore requires integrated interventions that address
both technical efficiency and socio-economic inequalities.
These findings reinforce existing literature demonstrating that
socio-economic status, participation in governance, and liveli-
hood stability are central to the sustainability of community-
managed water systems [1, 23, 42]. The findings of this study
demonstrate that sustained access to piped water from commu-
nity-managed water supply depends not only on infrastructure
alone, but also on household socioeconomic capacity, and the
border governance environment plays a critical role. Although
socio-economic factors (education, income source, and marital
status) revealed significant associations in the cross-tabulation
analysis, only age remained statistically significant in the full
adjusted logistic regression model. This suggests that socio-
economic characteristics interact in complex ways rather than

operating independently.

The Root Mean Square Error (RMSE) values provide a
measure of the models' predictive accuracy. Model 1 and
Model 2 have an RMSE of 0.46, indicating moderate predic-
tion error. Model 3 has family size and age, in which the
RMSE decreases slightly to 0.44, suggesting a marginal im-
provement in the model's fit. This reduction in RMSE indi-
cates that including additional variables like family size and
age enhances the model's ability to predict the perceived sus-
tainable access to water services, albeit slightly.

4.2. Moderating Effect of Community-Based
Water Governance on Sustained Access to
Community-Managed Water Supply

In addition to the above regression models, the influence of
the moderating variable which is on the governance character-
istics of the water supply model, trust in participatory decision
making, and confidence in water governance were analysed
for each of the above 4 independent variables. The analysis of
the variables facilitated an understanding of the influence of
the governance factors on sustainable access to service with
each water service model.

Table 8. Moderating Effect on Household Socio-Economic Factors and Sustained Access.

Variable

Education Level

Secondary (Ref: Other)

Source of Income

Farming (Ref: Other)

Marital Status

Married (Ref: Other)

Family Size

Age

Governance (Main Effects)

Trust in Participatory Decision-Making
Confidence in Water Governance
Interaction Terms

Education x Trust

Education x Confidence

Income x Trust

Income x Confidence

(Governance Moderation)

1.58 (0.79)

0.60 (0.28)

1.14 (0.54)
1.07 (0.25)
0.47%* (0.13)

1.96%* (0.64)
2.21%* (0.69)

1.51% (0.63)
1.44% (0.61)
1.39* (0.59)
1.67* (0.71)

Note: + p <0.1, * p<0.05, ** p<0.01, *** p <0.001: Source: Field Data (2025)
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The analysis presented in Table 8 extends the earlier regres-
sion models by incorporating governance variables and their
interaction with household socio-economic characteristics.
After introducing trust in participatory decision-making and
confidence in water governance as moderating variables, the
main effects of education level and source of income remain
positive but are diminished relative to Model 3. Both govern-
ance variables display strong and statistically significant pos-
itive effects on sustained access (p < 0.01). The interaction
terms between education and governance variables are statis-
tically significant (p < 0.07) while the marital status and fam-
ily size were found to be insignificant.

These results indicate that a household’s socio-economic
advantages alone are not sufficient to guarantee sustained ac-
cess to community-managed water services. Instead, the ef-
fectiveness of education and income in supporting sustained
use depends on the quality of governance arrangements.
Households with higher education levels are significantly
more likely to sustain access when they perceive water gov-
ernance processes as participatory and transparent. Similarly,
income-generating households demonstrate higher sustained
access when they have confidence in the institutions managing
water services. The study findings are consistent with the find-
ings of [19, 28, 32] who revealed an interaction effect between
education and governance quality, thereby confirming that
governance conditions how socio-economic characteristics
translate into sustained water services access.

The moderation effects suggest that governance acts as an
enabling mechanism that allows the conversion of socio-eco-
nomic resources into sustained service use. In poorly gov-
erned contexts, even relatively well-resourced households ex-
hibit weaker commitment to continued participation, while in
well-governed systems; socio-economic differences translate
more effectively into long-term engagement. These findings
align with the capability theory, which emphasizes that re-
sources require the support of favourable conversion factors
to yield meaningful outcomes.

In this study, governance quality functions as a social con-
version factor that enables households to translate education
and income into sustained water access. Without trust and in-
stitutional confidence, household capabilities remain con-
strained, regardless of resource endowment. The results
demonstrate that social organization and institutional trust are
critical to system sustainability. Technical access and house-
hold capacity are insufficient when governance structures fail
to foster legitimacy and accountability.

4.3. Conclusions

This study investigated the household-level determinants
that influence the households’ sustained use of community-
managed water services (CMWS) in Nakuru County, Kenya.
Utilizing a mixed-methods research design, the study inte-
grated quantitative data drawn from 130 household surveys
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with qualitative insights obtained through focus group discus-
sions from 60 participants. The findings converged to empha-
size that the sustained use of CMWS is not solely dependent
on infrastructure and technical efficiency but is significantly
mediated by a complex interplay of socio-economic, spatial,
perceptual, and livelihood-based household factors. A critical
determinant of sustained engagement with community-man-
aged water services was household socio-economic status
(SES). The study found that households with higher SES—
characterized by stable income, higher educational attainment,
and ownership of key assets—were more likely to maintain
continuous access to water services. These households were
better equipped to make timely user fee payments, engage
meaningfully in water governance, and demand accountability
from management committees. On the contrary, lower-income
households, particularly those earning less than KES 10,000
monthly, often struggled to keep up with payments, leading to
disconnections and a shift to unsafe, alternative water sources.
Education played a pivotal role: households led by individuals
with post-secondary education reported service continuity
rates exceeding 80%, while those with primary education or
less fell significantly below this threshold. These findings
highlight the need for equity-sensitive policy frameworks, in-
cluding subsidized tariffs and inclusive representation, to en-
sure that socio-economic vulnerability does not exclude
households from essential water services. The proximity of
households to water points emerged as another decisive factor
in determining sustained usage. Households situated within
500 meters of a water point were significantly more likely to
continue using the service consistently, as close proximity re-
duced the time, effort, and physical burden associated with
water collection. This was especially important for women,
the elderly, and households with young children. The data in-
dicated a statistically significant negative correlation between
distance and system usage, affirming that sustained use strat-
egies must incorporate community-driven siting and topo-
graphical considerations in system design. Distant households
were not only less frequent users but also less involved in gov-
ernance processes, suggesting that physical distance translated
into psychological and social disengagement from the water
project.

4.4. Policy Recommendations

The findings of this study demonstrate the need for policy
frameworks that move beyond a narrow focus on water infra-
structure development and explicitly address the socioeco-
nomic conditions that influence households’ ability to sustain
access to community-managed water services. National and
county water policies should incorporate socioeconomic vul-
nerability assessments into water service planning, implemen-
tation, and monitoring processes. Such an approach would en-
able policymakers to identify households at greater risk of ser-
vice exclusion, particularly widowed households, low-income
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households, and those dependent on unstable livelihoods. Pol-
icy interventions such as targeted subsidies, flexible payment
arrangements, and social support mechanisms would enhance
equity and help ensure that vulnerable households maintain
continuous access to safe and reliable water services.

4.5. Recommendations for Further Research

The present study established that household socioeco-
nomic characteristics influence sustained access to commu-
nity-managed water services, but the effects of most variables
diminished when governance factors were introduced into the
analysis. This finding suggests that governance may play a
more complex role than simple moderation. Future research
should therefore examine the pathways through which gov-
ernance practices influence the relationship between house-
hold characteristics and water service sustainability. In partic-
ular, studies should investigate whether governance functions
as a mediating mechanism through which education, income
stability, and household vulnerability are translated into sus-
tained water access.
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