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A B S T R A C T   

Previous research suggests that community-based participation, a process through which beneficiaries can 
actively influence and define the direction and execution of development programs, can promote long-term 
uptake, use, and management of shared resources, such as community-based safe water infrastructure. How
ever, results are heterogeneous. Psychological ownership theory and initial evidence suggests that participation 
promotes positive outcomes for shared resources by fostering sense of ownership through three routes: having 
control, intimate knowledge, and investing the self. This study used community-based safe water infrastructure 
as an example to investigate how various forms of participation affect acceptance, use, and functionality of a 
shared resource and whether this effect is mediated by psychological ownership. We conducted a nonrandomized 
cluster-based controlled trial with pre–post intervention assessment (N = 369) in 33 villages in rural Nepal, 
where safe water infrastructure is shared. Participatory intervention activities (e.g., influence in decision- 
making, contributing materials and labour) favourably affected self-reported outcomes and use of the water 
supply infrastructure but not observed functionality or drinking water quality. In conclusion, this study supports 
the assumption that participation can foster psychological ownership, which in turn can support successful 
management of a shared resource.   

Our individual human behaviour plays a key role in protecting and 
restoring the shared natural environment, which is under pressure due 
to climate change, decreasing biodiversity, and other factors (Inauen 
et al., 2021). But personal and collective goals often clash when using 
environmental resources (Sloot et al., 2018). One of the environmental 
resources most under pressure due to human behaviour is water (Steg & 
Vlek, 2009; Vlek & Steg, 2007): More than a quarter of the world’s 
population cannot access safe drinking and cooking water (Bain et al., 
2018). Anthropogenic contamination, especially faecal contamination 
of water, is a leading cause of diarrhoeal diseases globally (Prüss-Ustün 
et al., 2019). In Nepal, for example, up to 77% of drinking water samples 
are faecally contaminated (Shrestha et al., 2017). 

Shared resources, such as safe water infrastructure, have the poten
tial to decrease human impact on the environment and prevent adverse 
health impacts. In recent decades, the water sector has therefore 
increased efforts around the world to install new and rehabilitate 
existing community-based safe water infrastructure, including rural 

piped water supplies (WHO/UNICEF, 2021). However, ensuring sus
tainable safe water supply infrastructure in low- and middle-income 
countries remains a challenge (Fischer et al., 2020; Harvey & Reed, 
2007). In particular, safe water infrastructure fails due to negligent 
operation and maintenance (Kabir & Howard, 2007; Naiga et al., 2015). 
This is often attributed to how water users and operation and mainte
nance teams interact (Khwaja, 2009). The participation of communities 
in planning, installing, and managing shared resources has been sug
gested as one solution to ensure long-term functionality and access to 
shared resources (Prokopy, 2005). 

1. Participation and management of shared resources 

In the context of international development, participation has been 
defined as a process through which beneficiaries can actively influence 
and define the direction and execution of community development, in 
contrast to processes where they are only the recipients of shared 
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resources (Abbott, 1995). The United Nations’ Sustainable Development 
Goal (SDG) 6b, for example, specifies participation as a critical means of 
ensuring sustainable safe water access. In rural water supply planning, 
participation has been targeted through involvement of communities in 
decision-making, promoting attendance to community meetings, and 
asking the community to make cash, in-kind, or labour contributions to 
water infrastructure community development projects (Bisung et al., 
2014; Whittington et al., 2007; Woolcock & Narayan, 2000). 

Participation has been identified as an instrument central to sus
tainable management of shared resources (Adhikari et al., 2014; 
Agrawal & Gupta, 2005). Certain limitations have been identified, 
especially when focusing solely on voluntary action (Murty, 1994), but 
in general, participation is seen as a very important contribution to 
common property resource management (Sahoo & Swain, 2013). For 
example, enhancing participation was found to increase care for a lake 
(Peck et al., 2021), and shared management improved the maintenance 
of solar energy systems (Jenny et al., 2007). Participation was identified 
as a key step in developing a shared vision for successful planning of 
water resource management (Palmer et al., 2013). A concept that has 
been theorized to link participation to resource management is psy
chological ownership. For example, participation was linked to a sense 
of ownership over shared IT infrastructure (Kwon, 2020), and in 
development projects, project beneficiary participation predicted via 
psychological ownership how sustainable a project was (Aga et al., 
2018). However, how different forms of participation influence psy
chological ownership has not been distinguished. 

2. Psychological ownership 

Psychological ownership is a theory that combines individual and 
social aspects (Rudmin & Berry, 1987). Psychological ownership is 
defined as “the state wherein a person or community feels as though a 
target of ownership is his/hers or theirs” (Pierce et al., 2001, p.299). It is 
conceptualized as both a cognitive state and affect towards a target of 
ownership. This means that the individual can articulate the concept 
intellectually but also has a feeling of ownership. According to theory, 
psychological ownership serves to satisfy various basic motives (e.g., 
efficacy). It manifests as having a close connection between the target of 
ownership and the extended self (Jo et al., 2021). The concept is distinct 
from legal ownership, as the latter exists beyond the individual and in 
reality. By contrast, psychological ownership does not necessarily 
correspond with legal ownership: it is perceived. 

2.1. Routes to psychological ownership 

Psychological ownership is hypothesized to be evoked through three 
routes: (a) getting to know the target of ownership, for instance by 
experiencing the object); (b) investing the self in the target of ownership, 
for example by contributing effort; and (c) having control over the target 
of ownership, for instanced by being involved in decision-making 
(Pierce et al., 2003; Pierce & Jussila, 2010). Several cross-sectional 
survey studies in organizational contexts support these hypothesized 
routes to ownership (e.g., Han et al., 2010; Liu et al., 2012). 

Routes to psychological ownership can be manipulated by involving 
stakeholders: by fostering participation. For example, correlational ev
idence suggests that psychological ownership of latrines relates to safe 
sanitation in community-led safe sanitation programmes (Tomberge 
et al., 2021). Further, one experimental study showed that psychological 
ownership of public goods can be increased by manipulating routes to 
psychological ownership; for example, screening a video increases 
intimate knowledge and psychological ownership of a beach (Peck et al., 
2021). However, not all forms of participation seem to evoke psycho
logical ownership equally (Aga et al., 2018; George et al., 2015; Marks 
et al., 2014; Tomberge et al., 2021). Studies involving safe water 
infrastructure have provided evidence that inviting community mem
bers to participate in decision-making (Ambuehl et al., 2021; Contzen & 

Marks, 2018; Marks & Davis, 2012) and upfront investment in the sys
tem (Marks & Davis, 2012) relate to increased psychological ownership. 
In turn, neither token nor small cash payments effectively enhanced 
ownership (Madajewicz et al., 2021; Marks & Davis, 2012). No further 
routes to psychological ownership have been investigated so far. Pro
spective studies investigating routes to psychological ownership are 
completely lacking. 

2.2. Consequences of psychological ownership 

Psychological ownership is assumed to relate to positive outcomes, 
for example by shaping individual and collective attitudes and behav
iour (van Dyne & Pierce, 2004). For example, it increases individuals’ 
willingness to protect natural resources and engage in 
pro-environmental behaviour (Preston & Gelman, 2020). Psychological 
ownership was also found to enhance positive attitudes, commitment, 
and stewardship behaviour with natural goods (Peck et al., 2021) and 
with shared services in society (Paundra et al., 2017). Compared to legal 
ownership, psychological ownership leads to reduced exploitation of a 
natural environment (Jiang et al., 2019) and fosters other sustainable 
behaviours (Suessenbach & Kamleitner, 2018). However, territorial 
behaviour—protective behaviour towards the target of ownership—can 
occur (Brown & Zhu, 2016). 

The consequences of psychological ownership for safe drinking 
water infrastructure have received little empirical attention. Marks et al. 
(2013) found psychological ownership to be associated with confidence 
in water system functionality, better management practices, and 
improved infrastructure condition in Kenya. Cross-sectional mix
ed-methods research on safe water supply in Nepal suggests that 
increased psychological ownership relates to greater acceptance of and 
responsibility for maintenance and use of the shared infrastructure. It 
also increases confidence in the functionality of the water system, but it 
does not actually increase functionality (Ambuehl et al., 2021). Never
theless, no longitudinal intervention study has been conducted on the 
routes to psychological ownership of safe water infrastructure or its 
consequences. 

3. Participation and psychological ownership of shared safe 
water resources 

In summary, previous observational research suggests that commu
nity participation may foster psychological ownership in line with the 
routes to psychological ownership specified in theory. Consequently, 
participation may enhance the long-term management of shared re
sources. However, previous studies have predominantly relied on cross- 
sectional designs to investigate these questions. What are lacking are 
longitudinal and experimental studies that test whether participation 
promotes positive outcomes by enhancing psychological ownership, 
which would help understand how participatory interventions work 
(Michie et al., 2013). Such studies can provide important insights into 
improving interventions (Inauen et al., 2020) and thus to promoting 
long-term successful and sustainable management of commons and 
pro-environmental behaviour. 

In this study, we provide a first prospective test of these assumptions 
in the domain of safe water management. The study investigated the 
effects of a participatory intervention on the acceptance, use, and 
management of community-based safe water infrastructure in rural 
Nepal and the mediating role of psychological ownership. We extend 
Contzen and Marks’s (2018) model and postulate that participation in 
the water safety programme increases psychological ownership of the 
shared infrastructure, which in turn influences acceptance, mainte
nance, use, negative behaviour (e.g. overuse), and the functionality of 
the target. On the basis of previous findings in published literature, we 
hypothesized that participation promotes the following safe water out
comes: (1a) greater acceptance, such as a positive attitude towards the 
infrastructure; (1b) greater preparatory behaviour, such as maintenance 
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of infrastructure; (1c) greater use of infrastructure; (1d) lower negative 
behaviour, thus reducing overuse of limited available commons; and 
(1e) greater functionality as measured in, for instance, water quality. 
Second, we aim to test whether psychological ownership explains the 
effects of participation on outcomes. We hypothesize that psychological 
ownership mediates the effect of participation on (2a) acceptance, (2b) 
preparatory behaviour, (2c) use of infrastructure, (2d) negative behav
iour, and (2e) functionality. 

4. Methods and participants 

We carried out a nonrandomized cluster-based controlled trial with 
pre–post intervention assessment. The study took place in four 

municipalities of Karnali Province and one municipality of Sudur 
Paschim Province in Nepal. 

4.1. Clusters and participants 

Amongst the communities served by the Helvetas’ integrated water 
resources management (IWRM) programme, study communities quali
fied for enrolment if they met the following criteria: a population of less 
than 5000 people; primarily served by a gravity-fed piped supply; no 
pre-existing centralized water treatment works; and located not more 
than 2 h walking distance from one of the laboratories installed for water 
quality analysis. Drawing on this sample frame of K = 33 communities, 
we purposively assigned 21 communities to the intervention group and 

Fig. 1. Flow diagram for clusters and participants according to CONSORT (Eldridge et al., 2016).  
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12 matching communities to the control group. Intervention commu
nities were selected based on access and proximity to rural laboratories 
to which samples could be transferred within 2 h of collection, including 
processing time in the laboratories. Then, control communities were 
matched according to similarity of locality (e.g. climate, topography, 
access to roads), while being located far enough in distance from 
intervention communities to avoid a spillover effect. The oversampling 
of intervention communities was done for the primary purpose of the 
study: which was to validate the water safety planning (WSP) frame
work of the WHO (Rickert et al., 2014). The WSP framework aims at (1) 
mobilising and training local actors in construction, operation man
agement, and maintenance of drinking water and irrigation schemes; (2) 
providing adequate sanitation facilities at home and in school; (3) 
implementing water source conservation and upgrading drinking water 
schemes; (4) mobilising and training local actors in preparing and using 
the water use master plan, promoting water integrity/governance, and 
advocate good practices (see Table S1 for more details). 

The survey sample comprised N = 369 individuals (N = 493 at 
baseline) in semi-structured computer-assisted personal interviews. The 
choice of participants in the communities was random, with 15 house
holds selected from a complete list of residents in the village that 
benefitted from the same drinking water scheme. Ages of interviewees 
were 18 or above, and their role in the family was preferably head of the 
household and responsible for water, sanitation, and hygiene. In
dividuals and clusters followed the flow diagram in Fig. 1. 

4.2. Independent variable: Participatory intervention 

The interventions delivered through the IWRM programme of Hel
vetas can be categorized into three packages: general health and hygiene 
promotional activities, water supply infrastructure upgrades, and 
improved managerial practices. We mapped the intervention activities 
to the corresponding theory-based routes to psychological ownership. 
We describe this in detail in Table S1 in the supplementary materials. 

To foster intimate knowledge, communities took part during the 
feasibility study and project implementation (e.g. attending meetings, 
helping in mapping and planning infrastructural upgrades), and com
munities were also trained in governance and financial management for 
proper operation to promote transparency and accountability. To foster 
investment of the self, communities were made responsible for sup
porting the scheme construction with cash, labour, and arrangement of 
materials. To foster having control, the water users’ committee coordi
nated with various stakeholders for financial and technical assistance, 
organized and took part in construction work and ongoing operation and 
maintenance, and recruited a village maintenance worker who was 
responsible for the operation and maintenance of the scheme and 
collection of a water tariff. Communities were trained in participation 
practices for sustained water supply, sanitation, and hygiene (e.g. how 
to maintain water distribution channels). 

The 21 intervention communities in this study received an intensive 
version of each package, whereas control communities received no 
package or only health and hygiene promotion. 

Packages two and three of IWRM (Table S1) depend on the water 
safety planning (WSP) framework that is promoted by the WHO (Rickert 
et al., 2014). WSPs (Sutherland & Payden, 2017) are a participative tool 
to support planning, operation, and maintenance of water supply. They 
are tailored to the specific situation of a given water supply, and they 
encourage a shift towards more participatory planning of the water 
supply (Whittington et al., 2007). This is why intensive community 
participation and training are core features before and throughout the 
IWRM programme. 

Four control communities did not receive the Total Sanitation 
campaign, a part of the IWRM programme (see Table S1) by Helvetas. 
One intervention community did not implement infrastructural up
grades because of internal conflicts. All but one of the communities 
involved reported that manual chlorination was challenging and 

subsequently dropped this aspect of the intervention. 

4.3. Outcome measures 

The survey assessed participatory activities and psychological 
ownership at baseline. At follow up, 16 months later, the survey asked 
about psychological ownership and safe water outcomes. All items 
included in the study are listed in Table 1. 

We translated and backtranslated all items to Nepali and pretested in 
one community not included in the analyses. Interviewers had five days 
of training, and data collection was supervised. The interviewers 
measured psychological ownership for items with unipolar 5-point vi
sual Likert scales, each with five dots of increasing size (Harter et al., 
2020). To create composite scores for constructs such as psychological 
ownership, we summed corresponding items. Finally, we normed all 
scores to values of 0–1, with higher values indicating a higher score on 
this construct. For binary items, 1 indicated the presence of an outcome. 

4.3.1. Psychological ownership 
We adapted the validated individual psychological ownership scale 

(van Dyne and Pierce, 2004) to assess psychological ownership of the 
water system in the Nepali context (Ambuehl et al., 2021). We used five 
items with the highest face validity in this cultural context. For the data 
analysis, we also removed one reverse-coded item from the scale due to 
low item–total correlations. Internal consistency (Cronbach’s alpha) was 
calculated as ICC with a 95% confidence interval (Bravo & Potvin, 1991) 
at baseline of 0.46 [0.37–0.55], and at endline of 0.76 [0.75–0.82]. The 
removal of further items did not improve reliability. A measure of re-test 
reliability cannot be calculated from baseline to endline, because psy
chological ownership is expected to change even in the control group. 

4.3.2. Routes to psychological ownership 
We measured routes to psychological ownership as independent 

variables and operationalized them with eight measures, targeting the 
three routes to psychological ownership. For control, we assessed 
perceived influence in decision-making about upgrading and running 
water schemes, deciding about planning service delivery, and involve
ment of the household in planning water supply. For intimate knowl
edge, we assessed frequency of attendance of water users’ committee 
meetings, and knowing the village maintenance worker. For investment 
of the self, we assessed personal contribution of labour, contribution of 
materials, and contribution of cash during the infrastructural upgrades. 

4.3.3. Consequences of psychological ownership 
We measured the consequences of psychological ownerships as 

dependent variables and operationalized as the following groups: For 
acceptance, we measured perceived water taste, liking treated water, 
satisfaction with the water supply, and perceived safeness. For care
taking, we measured willingness to take care and responsibility for the 
water supply. For use of infrastructure, we measured use of water supply 
and exclusive use of water supply as water source. For treatment, we 
measured the importance of treatment. For negative behaviour, we 
measured overuse, territoriality, and source switching. For function
ality, we measured self-reported functionality, availability of water 
supply, expected functionality, frequency of interruption, confidence in 
repairing, and E.coli risk. 

4.3.4. Microbial water quality 
Faecal contamination of household stored drinking water samples 

was assessed using the membrane filtration technique with Compact
Dry™ Plates (Nissui Pharmaceutical Co., Ltd, Japan) and 24-h incuba
tion at 37 ◦C. Quality control measures included daily positive and 
negative lab controls and two duplicate samples processed in each study 
community. Further details on laboratory procedures are described in 
Bänziger et al. (2021). 
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4.3.5. Functionality 
Bonsor et al. (2018) distinguish functionality of water schemes from 

sustainability of infrastructure. Functionality is a snapshot of sustain
ability. We follow this understanding, and our definition of water supply 
scheme functionality also includes water quality (Walters & 
Javernick-Will, 2015). Subsequently, we define a safe water supply 
system as functional when it produces water flow of a good quality of 
water at a particular time. 

4.4. Analyses 

The data analysis was carried out in three steps. Firstly, the effect of 
participation on psychological ownership and safe water outcomes was 
tested using condition (intervention group = 1 vs. control group = 0) as 
the independent variable to predict changes in psychological ownership 
and safe water outcomes. Since we used a nonrandomized design, con
ducting analysis with change scores is preferable compared to regressed 

Table 1 
Items used in survey.  

Concept Item Coding 

Scale (van Dyne & Pierce, 2004), measured at baseline and endline 
Psychological 

ownership 
How much do you agree with 
the following statement?   
This is MY water system 0 = agree not at all to 1 =

agree very much  
This is our COMMUNITY’S 
water system. 

0 = agree not at all to 1 =
agree very much  

My family is one of the owners 
of the water system 

0 = agree not at all to 1 =
agree very much  

The water system is owned by 
all the people who live in this 
village. 

0 = agree not at all to 1 =
agree very much 

Participatory activities, measured at baseline  
Involvement Is anyone in this household 

involved in the water supply 
system in this community? 

0 = No; 1 = Yes (FCH 
volunteer, VMW, WST, 
WUSC) 

Decision-making During PLANNING of the 
water system, did anyone in 
your family participate in 
deciding about the level of 
service to be delivered by the 
system? 

0 = No; 1 = Yes 

Influence Overall, who do you think had 
the MOST influence over 
decisions about the water 
system during planning and 
construction? 

0 = Committee (Donor, 
NGO, local government, 
leaders, WUSC); 1 = All 
users 

Water users’ 
committee 
meetings 

How often does WUSC meet 
with water users to discuss 
issues about the water system? 

0 = Never/Don’t know; 1 =
as needed; 2 = 1 to 6 
meetings a year; 3 =
Monthly 

Village 
maintenance 
worker 

Is there a village maintenance 
worker (VMW) to look after 
your main drinking water 
scheme? 

0 = No; 1 = Yes 

Contribution cash Did your family contribute 
cash to the construction of the 
village’s water system? 

0 = No; 1 = Yes 

Contribution cash 
(amount) 

How much MONEY did your 
family contribute toward the 
water system during the 
construction phase? 

0 = 0; 1 = Rs ≤ 3000; 2 = Rs 
3001–5000; 3 = Rs ≥ 5001 

Contribution cash 
(regularly) 

Do the villagers contribute 
regularly to the water scheme? 

0 = No (Not at all, when 
needed); 1 = Yes (regularly) 

Contribution 
labour 

Did your family contribute 
labour to the construction of 
the village’s water system? 

0 = No; 1 = Yes 

Contribution 
materials 

Did your family contribute 
materials to the construction 
of the village’s water system? 

0 = No; 1 = Yes 

Outcomes, measured at endline   
1. Acceptance 
Perceived water 

taste: 
How good do you perceive the 
taste of drinking water from 
the water system? 

0 = not at all good to 1 =
very good 

Liking treated 
water 

How much do you like or 
dislike drinking treated water? 

−1 = dislike it very much to 
1 = like it very much 

Satisfaction How satisfied are you with 
your main drinking water 
source? 

0 = Dissatisfied; 1 =
Satisfied 

Safeness How safe do you think your 
main drinking water source is 
for drinking? 

−1 = not at all to 1 = very 
much  

2. Preparatory behavior 
Caretaking How much do you feel that you 

personally need to take care of 
the water system? 

0 = not at all to 1 = very 
much 

Responsibility How responsible do you feel 
for the repairing of the water 
system in case of interruption? 

0 = not at all to 1 = very 
much 

3. Health behaviour 
Use Which water source do you use 

as MAIN drinking water 
source? 

0 = other (Rainwater 
harvesting, open 
unprotected source, open  

Table 1 (continued ) 

Concept Item Coding 

protected source, 
unmanaged piped scheme, 
river, lake, bottled water); 1 
= piped water scheme 
(Private tap, community 
tapstand) 

Exclusive use Do you also use other water 
sources for drinking? 

0 = No; 1 = Yes 

Treatment How often did you treat your 
drinking water in the past 2 
weeks? 

0 = never to 1 = always 

Importance of 
treatment 

How important is it for you to 
treat your water before 
drinking 

0 = not at all to 1 = very 
much  

4. Negative behaviour 
Overuse How often did you collect 

more water from the water 
system than you actually need 
in the last two weeks? 

0 = never to 1 = always 

Territoriality How much does it bother you 
when other people collect their 
water from the water system? 

0 = not at all to 1 = very 
much 

Source switching How often did you collect your 
water from other sources than 
the water system in the past 2 
weeks? 

0 = Never; 1 = Rarely; 2 =
Half of the times; 3 = Most 
of the times; 4 = Always  

5. Functionality 
Self-reported 

functionality 
Is your main drinking water 
source functioning now? 

0 = No (not, not well); 1 =
Yes 

Availability Is your main drinking water 
source available when needed? 

0 = No (Never, sometimes); 
1 = Yes 

Expected 
functionality 

How confident are you that 
your water system will be 
functional one year from now? 

0 = not at all confident to 1 
= very much confident 

Interruption: How many days did the 
interruption last?  

Confidence in 
reparation 

If main drinking water scheme 
needed repairs, how confident 
are you that the problem could 
be fixed within 1 week? 

0 = Not confident (not at all, 
somewhat confident); 1 =
Very confident 

Water quality E.coli count (CFU per 100 ml) 0 = 0; 1 = 1–10; 2 =
11–100; 3 = 101-TNTC 

Covariate 
Socio-economic 

status 
About how much does your 
household spend PER MONTH 
on regular expenses (regular 
expenses = food, transport, 
clothing, and school fees)?  

Note: CFU = Coliform units; FCH = female community health; TNTC = too 
numerous to count; VMW = village maintenance worker; WUSC = water users’ 
committee; WSTF = water safety task force. Reliability analysis of the psycho
logical ownership scale was assessed by Cronbach’s α at pre-intervention survey 
= .56 and post-intervention survey = 0.79. 
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change (Deeks et al., 2003). The modelling approach we used were 
generalized estimating equations (GEE) that account for the nested 
structure of the data: individuals nested in water systems (Liang & 
Zeger, 1986). Secondly, to identify which forms of participation related 
to psychological ownership, we computed a model with forms of 
participation as predictors and psychological ownership of the water 
system as the outcome. For the consequences of psychological owner
ship, we fitted separate GEEs for continuous outcomes and dichotomous 
outcomes. As effect size measures for the GEE models, we calculated 
odds ratios (ORs) with asymptotic Wald 95% confidence intervals (CIs) 
for dichotomous outcomes. We interpreted them as the percentage in
crease (values > 1) or decrease (values < 1) in the outcome for a unit 
increase in the predictor. These analyses were adjusted for intervention, 
gender, and socio-economic status (SES). 

Thirdly, we estimated the relationship of participatory activities with 
change in psychological ownership and consequences in mediation 
models (Fig. 2). Mediation analysis can indicate how participation af
fects change in outcomes because they test the underlying mechanisms 
by which two variables affect each other (Baron & Kenny, 1986). In line 
with the assumptions of mediation analysis, we only tested mediation 
for participatory activities that showed a significant relation to changes 
in psychological ownership (established in Step 2). For each form of 
participation and outcome combination, we tested a separate mediation 
model following procedures proposed by Preacher et al. (2007) and 
using the PROCESS SPSS macro (Hayes, 2012). Confidence intervals 
were computed by bootstrapping 1000 resamples to test for positive 
indirect effects of the interventions on outcomes. Because these models 
referred to separate hypotheses, no control for the error rate was 
necessary (Bender & Lange, 2001). 

4.5. Ethics & registration 

We conducted the research in accordance with the Declaration of 
Helsinki and obtained ethical approval from the institutional review 
board of the first author’s institution (Eawag Ethics Committee, policy 
directive 16-09). We obtained written informed consent from each 
participant prior to data collection. The study received government 
approval in Nepal as part of the Helvetas IWRM research programme. 

5. Results 

See Table 2 for the sample characteristics. 
Descriptive statistics of survey items are presented in Table 3. Con

trol and intervention groups differed at baseline only in whether they 
contributed materials to the water system (treatment group contributed 
significantly more materials t(491) = −1.987, p = .047); compare with 
Table S2 in supplementary materials. 

5.1. Intervention effect 

In the intervention group, individuals were more satisfied with the 
water system (OR = 1.83; p = .014) than the control group, expected 
functionality was higher (B = 0.11;p = .018), reported overuse less (B =
−0.11; p = .006), and responsibility for the water system greater (B =
0.07; p = .033). Further, people reported greater importance of water 
treatment (B = 0.04; p = .046) and more frequent treatment of the water 
after collecting it from the water system (B = 0.127; p = .035). There 
were no group differences in changes in psychological ownership (B <
.01; SE = 0.03; p = .468). 

5.2. Participatory activities and changes in psychological ownership 

Although an overall effect of the intervention was absent on psy
chological ownership, several individual forms of participation related 
to changes in psychological ownership: We found greater psychological 

Fig. 2. Schematic representation of mediation model.  

Table 2 
Sample characteristics.  

Characteristics n %f M SD 

Age 369  38.11 14.37 
Gender 

Female 259 70.2   
Male 110 29.8   

Education level 
College or higher 10 2.71   
no formal schooling (illiterate) 106 28.7   
no formal schooling (literate) 125 33.9   
Primary 64 17.3   
Secondary 63 17.1   
None 1 0.27   

Ethnicity 
Bramihin Chhetr Thakuri 252 68.3   
Dalit 81 22   
Janajati 34 9.21   
Other 2 0.54   

Occupation in household 
Agriculture (independent) 198 53.7   
Agriculture (employed) 24 6.5   
Agriculture (labourer) 6 1.63   
Agriculture (business) 107 29   
Small business 4 1.08   
Government employed 28 7.59   
Labourer (daily) 2 0.54   

Expenses per month (NPR a)   10509.65 6463.56 
Land owning (Ropanis b)   6.81 7.75 
People living in household   6.35 2.71 
Children in household   2.78 1.63 
Children going to school   2a4 1.41 

Note: N = 369, %f = relative frequency, n = Total Sample size; M = Mean; SD =
Standard deviation. 

a Nepali Rupee, 118 NPR = 1 US-$. 
b Ropanis 30 = 1.5 ha. 
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ownership in individuals who influenced decision-making about the 
service levels, who reported more frequent meetings with the water 
users’ committee, and who contributed materials or labour. We found 
lower psychological ownership in individuals who influenced decision- 
making about the water system and who contributed labour (see 
Table 3). 

5.3. Psychological ownership and safe water outcomes 

Table 4 GEE results indicated that individuals with greater 

psychological ownership also reported greater acceptance on all mea
sures except satisfaction and greater responsibility for the water system. 
Further, greater psychological ownership related to increased use of the 
water system, more frequent water treatment after collection from it, 
less reported overuse, and greater optimism regarding functionality. 

5.4. Mediation analysis 

To test whether the various forms of participation relate to outcomes 
via changes in psychological ownership, we performed mediation 
analysis. We found that for five categories of outcomes, psychological 
ownership mediated some effects of participatory activities on conse
quences (Table 5). Water users’ committee meetings and participation in 
decision-making were the predominant routes by which psychological 
ownership partially mediated the link to outcomes. We did not find a 
mediating effect of psychological ownership on functionality. 

6. Discussion 

The present study is the first to use an intervention study design to 
investigate whether participation leads to sustainable use and manage
ment of a shared resource, in this case community-based safe water 
infrastructure. We further investigated whether this relationship is 
mediated by psychological ownership for the shared infrastructure. The 
participatory intervention positively affected several safe water out
comes compared to the control group, but not psychological ownership. 
However, several specific participatory activities related to favourable 
safe water outcomes, and some of these relationships were explained by 
changes in psychological ownership. 

We found greater satisfaction with the water supply, increased ex
pected functionality, greater sense of responsibility, and lower reported 
overuse in intervention communities than in control ones. In addition, 
the intervention group reported that households treated drinking water 
more frequently. However, we did not find an intervention effect for 
either observed water quality or improved functionality of safe water 
infrastructure. This may not be surprising, as several other studies also 
found little evidence for any effectiveness of participatory water safety 
planning interventions on overall outcomes, especially in rural contexts 
(e.g., String et al., 2020; van den Broek & Brown, 2015). One set of likely 
explanations can be found in the nature of participation: communities 
did not participate enough (Jiménez et al., 2019), or participation was 
not in the right form (Kayaga, 2013), or did not last long enough (Fer
rero et al., 2019). Another explanation could be that structural factors, 
such as external support programmes (Miller et al., 2019) and 
design-matched infrastructure (Marks et al., 2018), are necessary to 
improve water quality and observed functionality of infrastructure. 

In line with our assumptions, we found that certain participatory 
activities related to increased psychological ownership. Involvement in 
decision-making, attending water users’ committee meetings, and 
contributing materials were each independently associated with greater 
psychological ownership of the safe water infrastructure. In contrast, 
influence in decision-making for all users was negatively associated with 
psychological ownership. An explanation for this could be, that if the 
influence is distributed too broadly in the public, this can lead to 
diffusion of responsibility, and thus to lower psychological ownership in 
the individual (Beyer et al., 2017). Contribution of labour related to 
decreased psychological ownership too. This confirms findings from 
cross-sectional studies (e.g., Contzen & Marks, 2018; Marks & Davis, 
2012) that not every form of contribution invokes feelings of ownership 
equally, and these feelings may be very short-lived (Kamleitner & Erki, 
2013). Financial contributions, in particular, are seen as less important 
than intrinsic contributions to determining long-lasting behaviour 
change (Kaiser et al., 2020; Ryan & Deci, 2000). Therefore, although 
labour contributions undoubtedly play a practical role in water supply 
projects by reducing overall project costs and using local materials by 
delegating construction activities, their role in influencing community 

Table 3 
The relationship between different forms of participation and psychological 
ownership.   

B SE p 

Intervention .02 .03 .468 
Influence in decision-making -.05 .02 .005 
Decision about planning of service delivery .07 .02 .002 
Involvement of household in planning of water supply .00 .02 .894 
Water users’ committee meetings frequency .08 .03 .007 
Village maintenance worker .04 .03 .282 
Contribution: labour -.09 .04 .021 
Contribution: materials .11 .05 .026 
Contribution: cash .02 .02 .481 
Gender -.01 .02 .645 
Socio-economic status .00 .01 .436 

Note: N = 369, 33 schemes, Dependent variable = Difference in psychological 
ownership, B = Parameter Estimates, SE = Standard error. All p values are two- 
tailed. Probability distribution: normal, link function: identity. 

Table 4 
Relationship between changes in psychological ownership and safe water 
outcomes.   

B SE p OR CI95 

LL UL 

Acceptance 
Perceived water taste .15 .06 .013    
Liking treated water .75 .10 <.001    
(Binary) Satisfaction -.96 1.06 .365 .38 .05 3.05 
Safeness -.71 .24 .004    

Caretaking 
Caretaking .49 .06 <.001    
Responsibility .38 .05 <.001    

Use of infrastructure 
(Binary) Use 5.02 2.43 .039 151.81 1.30 17766.91 
(Binary) Exclusive 
Use 

.7 1.48 .613 2.11 .12 38.22 

Treatment .44 .14 .001    
Importance of 
treatment 

.29 .05 <.001    

Negative behaviour 
Overuse -.21 .09 .024    
Territoriality -.16 .09 .084    
Source switching -.15 .12 .208    

Functionality 
(Binary) Self- 
reported 
functionality 

1.35 .99 .176 3.87 .55 27.46 

(Binary) Availability 1.26 .87 .148 3.52 .64 19.29 
Expected 
functionality 

.39 .08 <.001    

Interruption .31 10.07 .976    
(Binary) Confidence 
in repairing 

3.46 .68 <.001 31.78 8.40 120.36 

E.coli risk .80 .32 .805    

Note: N = 369, 33 schemes, independent variable = psychological ownership, 
HH = household, WUSC = water users’ committee, B = parameter estimates, SE 
= standard error, OR = odds ratio, CI95 = confidence interval, LL/UL = lower/ 
upper limit of the confidence interval. All p values are two-tailed. For continuous 
items: probability distribution: normal, link function: identity. For binary items: 
probability distribution: binomial, link function: logit. 
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ownership feelings remains uncertain. Alternatively, this finding may 
potentially be attributable to baseline differences in contributing ma
terials. The findings of our mediation analysis speaks against this 
interpretation, however. We found that only certain ways of fostering 
psychological ownership work well, and contributing material is not one 
of them. Therefore, we may argue that the baseline differences in 
contribution of materials are negligible for the intervention effect. 

Psychological ownership was associated with multiple positive safe 
water outcomes in this study, including increased acceptance and 
caretaking of safe drinking water infrastructure, increased use of infra
structure, and reduced negative behaviour. This agrees with findings 
from research on other shared resources. For example, greater psycho
logical ownership was associated with increased satisfaction with 
community development, higher self-esteem, and increased quality of 
contributions for virtual communities (Lee & Suh, 2015); increased 
perceived usefulness and perceived ease of use of a new learning envi
ronment (Yim et al., 2019); acceptance of and increased participation in 
new technology adaptation (Pare et al., 2006); augmented car sharing 
(Paundra et al., 2017); and increased service use in an access-based 
service economy (Fritze et al., 2020). Contrary to our hypotheses, psy
chological ownership did not relate to more distal outcomes such as 
functionality, and all of the effects found were weak. These findings are 
in line with earlier studies on shared resources and psychological 
ownership (Shu & Peck, 2018), and also from organizational research, 
where for example van Dyne and Pierce (2004) found no incremental 
prediction of psychological ownership on distal outcomes. In our study, 

an explanation may be that technical expertise and influence over 
functionality are often assigned to an exclusive selection of villagers: the 
water users’ committees. Hence, users may not have a significant direct 
influence on functionality and water quality. This may further explain 
why the activities of water users’ committees are so strongly related to 
users’ psychological ownership. Users who report attending more 
frequent committee meetings are most likely to be close and follow the 
news of what happens in the water users’ committee and subsequently 
have more knowledge about and increased influence over the water 
scheme and thus have a higher psychological ownership of it. 

Finally, the effects of some forms of participation on outcomes were 
mediated by psychological ownership whereas others were not. A po
tential explanation for this may lie in the fact that some forms of 
participation were more accepted than others, wherefore the commu
nities engaged in them to differing extents. For example, households 
could decide whether to contribute materials, money, or labour to 
infrastructural upgrades. Participation in community meetings and 
election of water users’ committee members were voluntary elements in 
the intervention. One practical implication of this finding is that in
terventions do not need to cover all forms of participation to promote 
psychological ownership. Instead, participatory activities that are 
guided by institutional frameworks, but are selected by the community 
itself may be more effective. Selection of participatory interventions 
could be coupled with assessment of users’ needs and preferences for 
different water service attributes (e.g., choice experiments) and from 
there, the needs of the community become more clear and thus inform 

Table 5 
Mediation models according to schematic representation of mediation in Fig. 2.   

a path   b path   c’ path   indirect 
effect   

B SE p B SE p B SE p B LL UL 

Outcomes X Forms of participation 
Acceptance (confidence in functionality)    0.23 0.05 <0.001       
Influence on decision-making −0.08 0.04 <0.001    0.00 0.04 0.10 −0.02 −0.05 0.00 
Decision about planning of service delivering 0.12 0.05 <0.001    0.10 0.05 0.03 0.03 0.00 0.06 
Water users’ committee meetings 0.17 0.05 <0.001    0.02 0.05 0.64 0.04 0.01 0.07 
Contribution: labour −0.07 0.04 <0.001    0.01 0.04 0.79 −0.01 −0.04 0.01 
Contribution: materials 0.06 0.04 <0.001    0.01 0.04 0.87 0.01 0.00 0.03 
Caretaking    0.33 0.04 <0.001       
Influence on decision-making −0.08 0.04 <0.001    ¡0.06 0.04 <0.001 −0.02 −0.06 0.01 
Decision about planning of service delivering 0.12 0.05 <0.001    0.17 0.04 <0.001 0.04 0.01 0.08 
Water users’ committee meetings 0.17 0.05 <0.001    0.01 0.04 <0.001 0.05 0.02 0.10 
Contribution: labour −0.07 0.04 <0.001    0.02 0.04 <0.001 −0.02 −0.05 0.01 
Contribution: materials 0.06 0.04 <0.001    ¡0.07 0.04 <0.001 0.02 0.00 0.04 
Use of infrastructure    0.13 0.05 0.01       
Influence on decision-making −0.08 0.04 <0.001    0.06 0.05 0.22 −0.01 −0.03 0.00 
Decision about planning of service delivering 0.12 0.05 <0.001    −0.08 0.05 0.14 0.02 0.00 0.04 
Water users’ committee meetings 0.17 0.05 <0.001    0.13 0.05 0.01 0.02 0.00 0.05 
Contribution: labour −0.07 0.04 <0.001    −0.05 0.05 0.31 −0.01 −0.03 0.00 
Contribution: materials 0.06 0.04 <0.001    ¡0.10 0.04 0.03 0.01 0.00 0.02 
Use of infrastructure (treatment of water after 

collection)    
0.31 0.05 <0.001       

Influence on decision-making −0.08 0.04 <0.001    0.00 0.04 0.99 −0.02 −0.06 0.01 
Decision about planning of service delivering 0.12 0.05 <0.001    0.04 0.05 0.37 0.04 0.00 0.08 
Water users’ committee meetings 0.17 0.05 <0.001    ¡0.10 0.05 0.05 0.05 0.01 0.09 
Contribution: labour −0.07 0.04 <0.001    −0.02 0.04 0.73 −0.02 −0.06 0.01 
Contribution: materials 0.06 0.04 <0.001    ¡0.09 0.04 0.03 0.02 0.00 0.04 
Negative behaviour: Overuse    −0.14 0.05 0.00       
Influence on decision-making −0.08 0.04 <0.001    −0.07 0.04 0.11 0.01 0.00 0.03 
Decision about planning of service delivering 0.12 0.05 <0.001    −0.08 0.05 0.09 ¡0.02 ¡0.04 0.00 
Water users’ committee meetings 0.17 0.05 <0.001    −0.05 0.05 0.34 ¡0.02 ¡0.06 0.00 
Contribution: labour −0.07 0.04 <0.001    −0.05 0.04 0.28 0.01 0.00 0.03 
Contribution: materials 0.06 0.04 <0.001    0.04 0.04 0.38 −0.01 −0.02 0.00 
Functionality (self-reported)    0.02 0.05 0.72       
Influence on decision-making −0.08 0.04 <0.001    0.10 0.05 0.03 0.00 −0.01 0.01 
Decision about planning of service delivering 0.12 0.05 <0.001    −0.02 0.05 0.06 0.00 −0.01 0.02 
Water users’ committee meetings 0.17 0.05 <0.001    0.10 0.05 0.04 0.00 −0.02 0.03 
Contribution: labour −0.07 0.04 <0.001    −0.02 0.05 0.63 0.00 −0.01 0.01 
Contribution: materials 0.06 0.04 <0.001    −0.01 0.04 0.85 0.00 −0.01 0.01 

Note: N = 3. 
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the extent and type of participation. Like this, in-depth activation of 
participatory forms based on self-realization may prove to be most 
effective. 

6.1. Limitations & future directions 

The present study provided valuable first insights into the effects and 
mechanisms of participation on the use and maintenance of a shared 
resource, here safe water infrastructure. The results hint that psycho
logical ownership can only be triggered by a few in-depth forms of 
participation. However, psychological ownership is found to relate 
beneficially to several positive safe water outcomes and negatively to 
hindering safe water outcomes. More research is needed to investigate 
the extent of generalizability to other shared resources. There are also 
some limitations to be acknowledged. 

At baseline, we found that internal consistency of our measurement 
scale for psychological ownership was very low, compared to the orig
inally validated measurement scale (i.e. van Dyne & Pierce, 2004). This 
could be due to the novel context of application. Future research should 
investigate validity and reliability of the psychological ownership 
measurement scale towards safe water infrastructure. 

We used mediation analysis to show how participatory activities 
related to safe water outcomes by enhancing psychological ownership. 
However, psychological ownership did not fully mediate the effect of 
participation on safe water outcomes, and effect sizes were small. Future 
research should therefore investigate additional potential mediators. For 
example, participation may influence various outcomes for safe water 
supply by promoting people’s concern about safe water consumption 
and consideration of future consequences (Bruderer Enzler et al., 2019; 
Kaiser et al., 1999). 

Although this was the first intervention study of participation on 
outcomes via psychological ownership, the nonrandomized study design 
with purposeful assignment of communities to treatment and control 
group is a limitation; third-variable bias cannot be ruled out. In future 
research, a randomized controlled design should be used to replicate 
what we have found. 

Another limitation is that we found very high psychological owner
ship at baseline. This may be explained by the previous activities of 
Helvetas in these communities. Helvetas works with communities in a 
very participatory way on an ongoing basis. Therefore, many partici
patory activities are regularly implemented in the communities, and the 
mechanism of action presented in this study can only assesses additional 
effects. Replication is therefore necessary in conditions with low pre
vious participatory activity. 

Finally, insufficient detailed descriptions were available to precisely 
code all intervention content. Therefore, the active ingredients of the 
intervention remain rather imprecisely defined. Future studies should 
emphasize the establishment of detailed implementation reports based 
on systematic description and reporting guidelines for interventions 
developed in behavioural science (Toomey et al., 2020). 

7. Conclusion 

This study used the example of water supply management to provide 
support for the assumption that participatory approaches can foster 
psychological ownership to achieve improved safe water supply. This is 
in line with application recommendations for means of implementation 
approaches as formulated in SDGs (e.g., SDGs 6b) for guaranteeing 
sustainable behaviour change and development. Even though we 
established psychological ownership as a mediating factor, we find that 
forms of participation differ in the extent to which they strengthen 
feelings of ownership and achieve safe water outcomes. This suggests 
that different forms of community participation might be important for 
different target resources. We recommend critical advance assessment of 
forms of participation and in-depth activation techniques to identify 
those relevant to effective community engagement. 

Our findings extend previous findings, for example that psycholog
ical ownership enhances stewardship of public goods (Peck et al., 2021), 
and they can also be generalized to other community-managed systems 
and environments. We have identified psychological ownership as an 
additional factor in environmental psychology (Russell & Fielding, 
2010) that can contribute to behaviour change for successful protection 
and sustainable management of shared resources and thus, to a benefi
cial environment for the individual and the community. 
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