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ABSTRACT
We set out to support three rural communities in Uganda to manage their water supplies using a locally relevant and fit-for-use
technological intervention developed with the Community-Based
Co-design (CBCD) method. This participatory and inclusive
approach allowed us to introduce Information and Communication Technologies (ICT) to communities that are untrained and
inexperienced in technology design. We describe the intervention
and identify research learnings for CBCD. Our design experience
with the communities highlights the barriers and enablers of using
the CBCD method with rural users. We conclude with reflections
on the use of intermediaries and the issue of reciprocity in
community-based ICT for development research.

CCS Concepts
• Human-centered computing~Participatory design
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1. INTRODUCTION
The proliferation of affordable Information and Communication
Technologies (ICTs) in developing regions, principally in the
form of mobile phones, has created opportunities for information
access to previously unreachable groups [8]. ICTs have provided a
platform for more affordable information dissemination and
communication mechanisms to improve service delivery in underserved and remote areas. To leverage the potential of ICTs, a
number of ICT interventions have been implemented in rural
areas with the aim of empowering communities through technology [7]. However, many of the implementations have remained
pilot projects due to their inability to provide suitable content,
failure to understand and address priority needs [3] or foster local
buy-in from both the communities and supportive institutional
structures [7, 11].
The implementation of technology-centric initiatives in developing regions has often been driven by donors or international organizations [1] with the financial resources to drive a developmental agenda. A disturbingly common characteristic of these
interventions is that they are externally conceived, address an
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assumed need or are developed in an institution prior to deployment in the community [11]. The risk with such an approach is
that the interactions are often short term, imposed, and therefore
sustainability of the technology becomes uncertain when the
implementer leaves the community. Sustainability is established
and enhanced when interventions are embedded within institutional policies and structures and adopted to complement existing
processes instead of replacing them [6].
To address the failures of ICT initiatives in local communities [1,
3, 7, 11], researchers advocate the use of more participative
design approaches. This allows for closer engagement with the
community to understand cultural nuances that could easily affect
use and adoption of yet-to-be-developed technologies. Ramachandran et al. [29] echo the need to engage local stakeholders
early on in the design of community-based technologies. Such
engagement should not only focus on eliciting requirements but
foster in-depth collaboration with prospective technology users by
developing a co-design attitude. A long-term collaboration with
the community is created by identifying the problem that needs to
be addressed, agreeing on how to tackle the problem and together
decide on how to measure success.
In using technology to help address community needs, it is most
likely that we are engaging with inexperienced, untrained and vulnerable (or disadvantaged) groups. It requires the technology designer to get into design conversations with potential users so as
to understand their needs, requirements and expectations [1]. At
the same time, a community can come to understand where technology can possibly be helpful to them. Traditional participatory
development methodologies however, assume that technology
users can articulate their needs and are similarly educated [4].
Participatory Design (PD) as described above, has continuously
evolved from an approach where industrial workers were given a
level of influence on systems in their workplaces [15], to a
platform where disempowered groups or users untrained in design
are given a voice and treated as equal partners in the design
process through co-design [25, 43]. PD through all its variations,
remains focused on active design partnerships with participants
[37] although the degree of participation may vary [20].
Co-creation and co-design are examples of approaches that have
grown into established PD practices [34]. Sanders and Stappers
[34] consider co-design as an instance of co-creation, which they
refer to as the broader act of collective creativity, but limit codesign to the creativity of designers and people untrained in
design working together in the design development process. Cocreation has broadly been applied to industrial designs for product
development [27, 28, 34] while co-design has been applied in
areas where participants have limited understanding of technology
use and are more disadvantaged for example illiterate people with
indigenous knowledge [42], homeless [36] and children [33].
Although such users may lack technical skills, they are

knowledgeable about their own needs and community experiences
that can positively shape and contribute to the design process. For
our research, we work with participants from rural communities in
Uganda: a group characterized by low literacy and poor access to
basic services especially water, health and education.
Co-design is a step beyond PD where artefacts are created by
building a shared vision, social learning and mutual understanding
between the designer and the participants [32]. As a PD approach,
co-design makes use of tools and techniques to facilitate system
design such as scenarios, mock-ups, prototypes and future
workshops to allow participants to experiment with design
possibilities [20]. Some researchers use a co-design definition that
focuses on co-creation or joint creativity [34, 43] but we approach
co-design as the application of action research in a design setting
[4] where we use technology probes to elicit requirements, collaborate with communities as we develop and evaluate an artefact.
Community-Based Co-design (CBCD) necessitates a long term
commitment to the research process beyond initial design [4]. In
this way researchers can gain a deeper understanding of the communities and appreciate the evolving use of technology over time
[40]. This has consequences for both the researchers and participants in terms of time commitment and knowledge contribution.
Although community members may take part in the research
voluntarily without claiming payment [19], it is necessary and
ethical to make provisions to compensate participants for their
time and effort [35]. Brereton et al. [5] suggest that reciprocity in
word, deed or spirit can build mutual trust, engagement and benefit.
We describe here how we applied CBCD, a participatory method,
and the design process that led to the development of an ICT
intervention to support rural water management in three rural
communities. The community-based system helps rural water
managers to track water users, payments and expenditures in a bid
to improve transparency, accountability and trust. We critically
examine the role of intermediaries and reciprocity in communitybased interventions. This study builds on prior work done in the
form of a situational analysis with these communities [39].

1.1 Community-Based Co-Design
Working with communities means dealing with groups of people
as opposed to individuals and so the technologies meant for these
groups need to be developed with a community in mind. The
concepts of ‘Ubuntu’ [4, 41] are broadly shared in many parts of
sub-Saharan Africa; in Kenya Canon Mbiti [22] enunciated the
concept as: “I am, because we are; and since we are, therefore I
am”. The notion of ‘communitisation’ [21] further emphasizes
the differences between the approaches used to develop community-based technologies from those used for individual or personalized technologies geared towards individual requirements.
With rural communities, much more time is spent on conversations that are not directly relevant to the design but essential for
building trust and relationships. Differences exist in the participatory methods that are appropriate for communities in developing
contexts compared to organizations or individuals [15, 21, 42] and
appreciating these leads to better interactions and genuine participation of those previously not given a voice or considered powerless to engage in decision making [42]. Winschiers-Theophilus et
al. [41] further argue that true participation is only achieved when
we situate negotiations within the context in which we are working as opposed to adopting techniques that have worked elsewhere. Creating spaces that allow community participants to
express themselves, sometimes deviating away from planned

activities, provides a sense of release as the community leads the
conversation or design process in unexpected ways [41].
In adopting a CBCD method, we acknowledge that different
(possibly marginalised) groups exist within our study environments based on gender, age and ancestry, who need to be given a
voice in the design process. Our choice of method is further guided by the need to remain sensitive to the values and culture of the
communities we are trying to transform through the use of technology. To achieve this, we identify the key stakeholders in the
communities and champions or gatekeepers (influential persons in
the community) prior to the design conversations.
Whilst co-design enables active engagement with users, Marsden
et al. [21] and Blake [2] argue that this design approach can only
work if users have an understanding of what digital technology
can do or if they have some ICT literacy. Therefore, the use of
appropriate tools and techniques to encourage untrained users to
participate in technology design can facilitate their learning about
the technology [15, 42]. Such tools can also give insight to participants about the opportunities that the yet-to-be-developed technology can offer [4]. The role of the researcher or technologist is
thus to facilitate the process by which the community participants
learn about ICTs and eventually take on design roles [42].
Like most of the initiatives where co-design has been applied
using a combination of PD methods and action research [7, 8, 15,
42], we use action research as a strategy to pursue action (or
change) as we learn through the design and development of an
intervention. Whereas PD techniques help users to voice their
needs or requirements [3], action research guides the participatory
process of working with communities. The mutual learning further allows for a common meaning of what ICTs can do to address
the priority needs of the participating community.

1.2 Enhancing Community Engagement
ICTs have potential to contribute to community development [29]
but creating locally relevant ICT applications for rural communities remains challenging. Resource limitations such as lack
of reliable communication infrastructure, low literacy, political
interference, gendered and biased culture of technology use as
well as access and language difficulties are still barriers to effective ICT usage.

1.2.1 Intermediation
The success of the CBCD method is greatly dependent on the
level of collaboration between the researcher (outsider) and the
community itself in building and maintaining trust, understanding
the community’s agenda and build cohesion [19]. Communities
may have value systems and subtle social structures not easily
recognized by an outsider [41]. Furthermore, engaging members
with the aim of empowering them (for example through the use of
technology) easily threatens the power relations that exist within
the community [3]. However, for successful engagement within
these spaces, an understanding of the socio-economic, cultural and
political nuances that shape user behaviour is paramount.
Developing technologies with rural users often requires immersion into the culture of the community by the researcher to build
trust and negotiate expectations. This is facilitated by intermediaries (or human access points, champions or gatekeepers). These are
people within the communities who are trusted by communities,
are familiar with digital technology but also aware of the problems and context of the communities in which the technology is to
be used [7, 21, 30]. Intermediaries provide linkages to communities, broker connections and facilitate relationships with community users. Additionally, they guide the implementation of com-

munity-based ICT interventions [13] (p 11) unhindered by language or cultural gaps [3] and are therefore seen as a means of
encouraging the participation of the wider community with whom
relationships in the community are maintained [9].

1.2.2 Choice of Intermediaries
Since community-based co-design is seen as fundamentally different from traditional workplace participatory design due to its
focus on community development, having key figures to represent
the different social groups within the communities contributes to
acceptance of technological interventions [31]. These groups may
be teachers, local business owners, local government entities,
Non-Government Organizations (NGOs), village leaders or elders,
women and youth. Involving such key representatives bridges the
communication between the various categories of community
members and the technology implementers [26].
Meissner and Blake [23] advocate using NGOs as intermediaries
with more active roles than just community liaisons, but we argue
that this is highly contextual, depending on whether the NGO in
question is external or a grass root organisation. In our experience
with external NGOs implementing projects in rural communities,
long-term sustainability is not usually planned for. When funding
for the specific project (usually from a donor organization) runs
out, the NGOs wind up and exit the communities.
The decentralization of community services in Uganda has led to
the establishment of governmental institutions (e.g., local governments) and institutional frameworks within the communities [38].
These facilitate and complement the democratic community structures and are therefore considered relatively more stable than
international organizations in the communities. In the case of rural
water management, the district water office is the local government institution mandated to provide water services and support rural communities to manage their water supplies. By training
community leaders in water management practices, the district
water officer builds capacity and empowers communities to manage their communal water supplies [12]. In this context, government institutions within the communities offer more stability
(continuity) and are therefore more suitable intermediaries for service delivery projects. However, since they are instituted by political institutions, they are predisposed to political interference or
unfavourable political decisions in terms of gaps in financial
support and capacity. ICTs are seen as tools that can empower and
support these institutions by providing actionable information to
improve service delivery.

2. METHODOLOGY
This research is part of a wider study to explore co-design as an
approach to improving engagement in technology design and development for community-based systems. We employed a cyclic
process to allow the community participants to learn about ICTs
and their flexibility whilst allowing the researchers to learn the
context within which the intervention was to be used.

2.1 Research Stance and Context
The first author is Ugandan (lives and works in Uganda) and has
worked on several rural ICT projects in Uganda. The second and
third authors live and work in another developing country and are
experienced in working with rural communities to introduce ICT
interventions through co-design and to improve service delivery.
Many rural areas in Africa are challenged with poor access to safe
water as a result of weak governance practices and disempowered
institutions [10, 14, 17]. ICTs are therefore considered as viable
tools capable of addressing the water access challenges that exist

as a result of information gaps between the service providers and
communities [10, 16, 39]. In Uganda, rural water facilities are
maintained and managed by the communities through the Community-based Management Model (CBM) [38, 39]. Our study
sought to empower these communities and their communal
structures through the use of appropriate ICTs tools. This would
provide access to information that the communities considered
vital in order to enable them manage their water facilities.

2.2 Participants
Our stakeholder analysis on rural water management in Uganda
identified the key stakeholders in this process as outlined in the
national policy framework [12] (p 18). The preliminary study
conducted as a situational analysis (1: July 2014) had twenty six
participants that represented all stakeholder groups [39]. Since our
research is based within the rural communities, our n e x t cycles,
that is; problem specification (2: October 2014), collaborative
design (3: October 2014), implementation (4: January 2015), user
experience evaluation (5: July 2015) and Re-design (6: August
2015) only involved user groups within the communities (39
participants).
The Community participants included the District Water Officer
(DWO), the Assistant DWO, a Community Development
Specialist (a representative of the Ministry of Water and Environment1 at the community level), three water board treasurers, three
Water User Committee (WUC) treasurers, twenty two Water
Source Caretakers (eight of whom also work as pump mechanics
responsible for fixing broken water sources) and eight communal
water users. The participants’ ages ranged from 25 and 65 with a
mean age of 43; 35% were women.

2.2.1 Using an Intermediary
Our initial link to the communities was a Community Learning
Facilitator, working with an international NGO that p ro vided
water services to the local communities. Since the NGO funded a
number of projects within these communities, he was influential,
knowledgeable and sensitive to their needs. He introduced us to
the communities and the key people we were to work with. Two
months after our preliminary study, the NGO ended its operations
in the district due to failure to secure donor funding for the following year. Our intermediary left the community in order to find
employment.
Our considerations for finding another intermediary were guided
by the need to work with a more established institution (not necessarily an individual) within the community. The district water
office had been involved in the preliminary study and played a
key role in mobilizing communities in water management. Since
we had established a relationship with the water officer from the
initial visit, he agreed to be our intermediary for the rest of the
study as he appreciated our approach and potential contribution.
Working with a water officer who forms part of the government
structure provided a certain continuity compared to the experience
with NGO engagements.

2.3 Methods and Procedures
Engagement with participants was achieved through semi-structured interviews, workshops and focus group discussions organized by the water officer (intermediary). The research process
was documented using notes, audio recordings and photographs.
Community participants were orientated to the study by the water
officer and we presented the objectives of the co-design sessions.
1
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We provided workshop materials like markers, flip charts and
notebooks. Participants were encouraged to be open and express
themselves in whichever language (English or the local language)
they felt comfortable since the water officer could ably translate.

After the prototype had been used for six months we conducted a
formative evaluation (Cycle 5: July 2015) to get feedback and
user experiences on its use. This was not done in a group setting
but through semi-structured interviews with individual users.

To begin our study, we conducted a situational analysis (Cycle 1,
July 2014) with three rural communities (Kasenda, Buheesi and
Kicwamba) in Kabarole district in western Uganda. The objective
was to understand the specific challenges of rural communities in
managing their water supplies and to find out if an intervention
would be useful. In assessing the challenges of water access, we
focused specifically on the factors that affect the functioning of
the communal water sources and how the communities make use
of existing (non-technical) systems like notebooks and community
structures to manage water services.

The final cycle and fourth workshop (August 2015) used the evaluation feedback from users to re-design our prototype. We used
this workshop to clarify contradictory feedback (e.g., issues of
language and additional functionalities) so as to build consensus.

Following the preliminary study, the first workshop (Cycle 2) was
conducted in October 2014, with the objective of understanding
how each community currently managed water finances. Participants were grouped according to their respective communities
and asked to analyse their community structures with regards to
existing financial management practices, identify the problems
with current practices as well as their causes. At the end of the
workshop, each group gave a ten-minute presentation of their
deliberations. The water officer mostly facilitated this workshop.
The second workshop (Cycle 3: collaborative design), held shortly
after the first workshop, had two sessions. In the first session, we
presented the participants with the reflections and outputs of the
first workshop in the form of a stakeholder-interaction model
(Figure 1) and a high-fidelity prototype. These guided the design
conversations on the expected functionalities of the proposed ICT
tool. Participants evaluated and re-modelled the conceptual model
based on their experiences and local knowledge on how interactions can be supported or improved. As the participants engaged
in these tasks, insights emerged on community relationships,
perceived roles and expectations from the technology.

Hand pump mechanic
payments
received

Community member - Registration

saving scheme
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- withdrawals

- fees collection
- follow-up
- accountability
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- accountability
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Figure 1: A model representing interactions between the different user groups
In the second session, participants with similar roles across the
three communities (so all caretakers, all board treasurers, all water
users, and all pump mechanics) were grouped together and each
asked to deliberate on how the proposed system would support,
change or enhance their activities. At the end of the workshop,
each group presented their interaction models (Figures 5 & 6).
The resulting models from the design workshop were used to develop our initial prototype ICT application. For the third workshop (Cycle 4: January 2015), we demonstrated the initial prototype to the participants. We provided user documentation and conducted a training session to guide them on how to use the system
to record information about water users and financial transactions.

The workshops varied in length from two to three (full) days for
six hours each day. At the end of each workshop we collected all
documentation including the designs and group summaries.

3. RESULTS
The co-design ideas of the participants were expressed in the form
of user stories, use cases, scenarios and interaction models. We
use the pronoun ‘we’ in this section to refer to the collective
design decisions made by both the researchers and participants

3.1 Situational Analysis (Cycle 1)
Rural communities manage their communal water sources by
establishing water committees that run the operations and maintenance of the water source on behalf of the community. The committee nominates a care taker (anybody who lives closest to the
water source) to maintain records of users and collect monthly or
daily water user fees. Money is collected by moving around the
community or at water collection points. Prior to our study, records of water users and finances were maintained in notebooks
kept by caretakers. The committee treasurer then collected the
money from the caretaker and passed it on to a water board member who together with the collections from other community
treasurers, saved the money with a community financial institution (a cooperative society fund). The dependence on a caretaker
being physically available to manually manage records made this
arrangement vulnerable to loss of data and without clear forms of
accountability and transparency, communities increasingly
became apathetic towards communal water management.
The findings from this preliminary study indicated that at the core
of the community based management of rural water supply and
improved water access, is the ability to maintain water facilities
by having a sustainable financial system in place. This means that
communities must regularly pay, collect and manage water fees.
“…when community water funds are misused, communities lose
morale. One such community collected money but a community
member swindled the money they had collected and they have
never collected money again. Their borehole is spoilt but you
can’t convince them to pay any money” [community water board
member, July 2014].
The main reason for failure to pay fees by water users is mistrust
by the community members. When funds are mismanaged or
unaccounted for by the water managers, community members lose
the motivation to pay. The communal water managers on the other
hand struggle with maintaining the records of water users to keep
track of monthly payments. Through the discussions with the
communities and local government leadership, we identified ways
to improve user-fees management. The emergent need was to
develop an ICT tool to support efficient and transparent financial
management procedures and activities of water facilities.

3.2 Problem Specification (Cycle 2)
Building on the preliminary study, this cycle (a workshop in
October 2014) focused on participants reflecting on the roles they
played within their communities, assessing their water manage-

ment practices and identifying gaps that the proposed intervention
could support (Figure 2).

unpaid water fees and provide summarized information on monthly transactions or financial activities to the communities.
As researchers, we sought to have a solution that matched the
local needs, local practices as much as possible and to account for
factors that would shape local appropriation of the intervention.

3.3 Collaborative Design (Cycle 3)
This cycle (also conducted in October 2014) was geared towards
providing a platform for participants to envisage the use of technology. It allowed them to use their knowledge and influence to
shape the design of the intervention.

Figure 2: Participants from Kasenda community assessing
their communal structures and practices
It emerged that across all three communities, the issues of transparency, accountability and water user management were problematic thus resulting in poor financial management practices.
The participants however, exhibited a great sense of understanding of their individual responsibilities in regards to the
water management practices like the caretaker who mentioned:
“…the caretaker is expected to keep a record of all the households using the water source. She/he collects monthly fees from
each household to pay for maintenance activities of the water
source. The fee is set by the Water User Committee (elected by the
community and responsible for managing the source on behalf of
the community)” [Caretaker, October 2014].
From the participants’ presentations at the end of the workshop,
we (lead researcher and participants) were collectively able to
generate use cases and an initial specification model (Figure 1) for
the interactions between the different stakeholder groups.
 Use case 1 (water user): She/he pays a monthly fee (set by the
water user committee) to the caretaker and gets a receipt or
any form of acknowledgement of his/her payment. At the end of
every month, a summary of expenditures and account balances
is sent to the user as a text message.
 Use case 2 (Caretaker): She/he registers all the water users of
the water source and collects monthly water fees. If a user
defaults on fees, the caretaker sends a reminder or reports the
user to the water user committee. The caretaker also records all
transactions including collections and expenditures (for minor
repairs) of collected fees. He/she is also able to query or
inquire about the accounts status of the communal funds.
 Use case 3 (pump mechanic): He is responsible for repairs of
the water source and logs all maintenance activities and the
cost of each activity as expenditures of communal water fees.
 Use case 4 (committee or water board treasurer): She/he collects 70% of the monthly funds from the caretaker and puts it in
a savings fund that accumulates and pays for major repairs.
 Use case 5 (Saving scheme/fund): Provides accounts statements
for the different water source committees to be passed on to the
different community members at a specific water source.
Our ICT tool was therefore intended to facilitate the registration
of users of communal water facilities, tracking of payments made
by community members, tracking expenditures, follow-up of

Figure 3: A participant critiquing the role of pump mechanics
in the proposed workflow model during the design workshop
In presenting the interaction model (developed from the previous
cycle) and allowing participants to critique it (Figure 3), we were
collectively able to refine the requirements but also give the participants a better idea of what the intervention would allow or
support them doing. During this session there was mutual consensus to remove the roles of pump mechanics and the saving cooperative from the system. This was because the cooperative only
engaged with the water board and not the communities and the
pump mechanics did not handle community finances but were
only paid for their services such as repairing faulty pipes.

Figure 4: Sample screen shots of the high fidelity prototype
evaluated during the design workshop. (Top: allows the caretaker to log collections, track and follow-up on defaulters, submit (save) collections and log withdrawals; Bottom: provides any
system user a view of finances of a particular community.

A high fidelity prototype (Figure 4), a basic version of the system
with limited functionality but which mimicked the intended system, was developed by the researchers. This helped participants to
refine the design of the application further, e.g., by adding data
fields for ‘water source location’ and ‘total number of households
defaulting on monthly payments’. Using a high fidelity prototype
allows co-designers to associate the technology designs with
actual software development [24] compared to paper sketches.
This prototype is also useful in eliciting feedback to inform new
designs within our context [29].

bers and water managers, revealing participants’ ideas and their
needs and aspirations. This design workshop therefore enabled all
of us to clarify how participants performed their tasks and whether the proposed design could actually support them.

3.4 Implementation (Cycle 4)
Using the outcomes (that is, models, scenarios and use cases)
from the design workshops, we (researchers) developed an initial
prototype of the application. Since sustainability is a key concern
to our research, our choice of technology was going to be dependent on what communities could readily access, afford and use.
Because mobile phones were a familiar technology in the communities and all the participants had mobile phones, there was a
consensus on running the ICT tool as a mobile-based application.
However, all the participants only had basic phones that were
unable to run the application, necessitating a discussion with the
participants on the type of mobile platform to use for the system.
With the rapidly declining costs of Android phones, greater computing capabilities and improved interactions, we (researchers)
facilitated the decision making process for the participants to use
an Android platform with low-cost Android phones (USD 50).
Since most of the participants had phones (basic), we did not want
to burden them with an additional phone as this would mean extra
costs for charging the phone batteries. We therefore chose to use
dual-sim phones and that way, they were able to move their own
sim cards (and phone contacts) into the new devices.

Figure 5: A community member (water user) presents her
interaction model and scenario (in her local language) during
the design workshop. Mary goes to collect water and finds the
caretaker to whom she gives her contribution and gets a receipt.
The caretaker gives the money to the water board treasurer who
then issues a receipt to acknowledge payment.

Figure 6: A community treasurer presents a model depicting
his desired interactions within the proposed intervention
By allowing participants to express themselves and represent their
understanding of their environment and relationships (Figures 5
and 6), this co-design space became an enabling environment for
inexperienced users to create or model their aspirations. These
models showed intuitive relationships between community mem-

Uganda is a multilingual country with over forty indigenous languages and no single national language. English is therefore the
de facto form of communication across the country but within
Kabarole district (our study site), Rutooro is the common indigenous language. It is however common to find different communities in the same locality speaking intermediate/related dialects. Since 95% of the participants (who were to use the ICT
tool) could express themselves in English, it was the preferred
language to use for the application. The participants were also
more concerned about the system workflows and therefore the
decisions regarding icons for the interface where left to the
researchers.

Figure 7: Sample interfaces of the PM4W application: (a) - the
home screen for the caretaker to register and view water users
(as shown in b), log daily and monthly collections (sales), log
expenses, post savings and view account status
Our PM4W (Pay Me for Water) Android application (Figure 7)
allows caretakers to register water users, provide information on

fees collected (sales) as well as expenditures. It allows community treasurers to record information on total savings submitted to
the water boards. At the end of every month, a water board treasurer attached to a particular source generates an accounts statement and this is sent to every water user attached/registered to the
water source as an SMS notification. This notification contains
information of how much money was collected and the expenditures for the month. Defaulters are also sent notifications as
reminders for payment and or reported to the water boards for
further action.
The PM4W system supports t h e communal water management
model by improving financial management practices. The
assumption being that if communities are supported to manage
efficiently and use the communal finances transparently, water
users will be more willing to pay their water fees. Therefore,
more funds will available for operations and maintenance
activities and eventually lead to improved functionality of water
sources and access to clean and safe water. We deployed this
initial prototype within the study communities in January 2015.

3.5 User experiences and Feedback (Cycle 5)
Ten participants (six caretakers and four treasurers) were given
mobile phones during the system deployment (January 2015). In
July 2014, we (researchers) conducted an initial assessment in
form of individual semi-structured interviews (Figure 8) to get
user feedback on the use of the tool and establish whether and
how the intervention was being appropriated in the communities.

they were using smart phones for the first time. The use of English for the application turned out to be problematic especially
for less literate users who could speak it but found difficulty
writing it.
 Environment: Unstable communication networks in remote villages hampered the use of the system for many. Users infrequently had connectivity to log transactions. Furthermore, interruptions in water supply affected the use of the system in one
of the communities. For this community that was experiencing
pipe renovations for all communal taps, there was no PM4W
usage for four months since no fees were being collected.
 Learning: None of the users had prior experience with touch
screen devices. With the training during deployment, most of
them found it easier to use and were encouraged to use the
phones often. Two users relied on their children for more help
while the rest were able to use the phones independently. With
the interruptions in systems use (for example lack of connectivity and water), many users resorted to appropriating the
phones to other activities. For example, a caretaker who also
works as a pump mechanic decided to use the phone to take
photographs of repairs he had undertaken. A treasurer who also
serves as a minister in a local church learnt to use the recorder
and would use it to record religious programs from the local
radio station.
 Development: We set out to support the communal water managers to manage their financial activities and in so doing, build
trust and accountability within the communities. However, due
to the minimal use of the intervention as a result of the
expressed challenges, our intended outcomes had not been
achieved. Despite that, the engagement with the participants
and technology design experience did enable users to articulate
their needs, experiences and internalize new ways of using the
mobile phones. A caretaker said: “…since I can use this powerful mobile phone properly, now I think I can use a computer.”[July 2015].

3.6 Re-Design (Cycle 6)

Figure 8: The lead researcher assessing usability of PM4W
with a community treasurer
We sought to understand the contextual factors that were potentially influencing the use of the technology, focusing on PM4W as
a tool for mediation and support for human/community activities.
We used four perspectives [18] to guide our assessment and make
sense of the user feedback. These perspectives included; Means
and Ends (extent to which technology supports or constrains
users); Environment (extent of integration into existing structures
and resources); Learning (extent of support of new ways of working); Development (extent of positive change caused). A more
detailed description of these perspectives and the theory behind
them is not the focus of this paper and will be published later.

The cyclical nature of our study requires us to create avenues for
critical reflection and flexibility through revisiting design decisions and support requests for changes. User feedback necessitated a workshop to share the assessment with the wider section of
participants who were neither caretakers nor treasures. The goal of
the workshop was to build consensus on localizing the system,
address the connectivity problem and any emergent requirements.

3.5.1 Summary of Evaluation feedback

 Means and Ends: Four caretakers and two treasurers had used
the system quite consistently, mainly to register water users
(400 registered) and to a lesser extent, log transactions (including collections and expenditures). Active users attributed their
use to the relevance of the functionalities especially the registration of users, which allowed them to know the number of
users per water source and determine a monthly charge. Nonusers attributed their minimal activity to slow learning since

Figure 9: Version 2 of PM4W that allows users to select a
language and a sample screen shot of the localised interface

This workshop was facilitated by the water officer (our intermediary). Although the use of English within the system had not been
a problem in the previous workshops, it became necessary to
support the users who were more comfortable using the local language. Again, consensus was achieved to localize the system into
the major local language (Rutooro) while keeping the English version (Figure 9). Participants who were conversant with the
Rutooro grammar did the translations.
To deal with poor connectivity within the villages, we discussed
different ways of improving data transmission including changing
to a different telecom provider or an offline database. The telecom
provider who had better connectivity had higher charges than participants could eventually afford. We therefore implemented an
offline database to which users would load information when out
of network reach. Once a connection was established, the database
would then automatically sync the offline data with the online
database. This would then allow for uninterrupted system use.
An emergent requirement was the need to keep the amount that
water users paid flexible. A fixed amount had been set but actually, different communities charged different fees for users depending on the model of community management of the water source.
At this workshop, more potential users of the system were trained.

4. DISCUSSION
The overall aim of our study was to explore co-design as an inclusive design approach to developing a useful and more usable system for social development (in terms of contributing to improved
access to water) in underserved communities. In this section, we
reflect on our experience in doing co-design and hope that our
method can inform similar initiatives.

4.1 Community-Based Co-Design
Successful development of ICT solutions in the field requires substantial effort in coordinating various stakeholder groups often
with varying desired outcomes. It requires establishing deep
connections within the communities to guide the process of continuous engagement. Engaging with multiple stakeholders at the
community, district and national level was cumbersome but eventually rewarding when consensus was established regarding the
priority needs (improving financial management) of the communities. By adopting the CBCD method, we committed to an evolving
understanding of our users, their capabilities, their needs and
relationships to create an appropriate and flexible solution.
Co-design can be a challenge when users have little understanding
of digital technology. This calls for more creative ways to encourage participation and a space where users can articulate ideas and
aspirations. In our study, we realized that some participants did
not know how much they actually knew about their context and
how their knowledge and experiences could help in shaping the
final product. With time and appropriate techniques (e.g., highfidelity prototypes and workshop structures), these participants
became confident in sharing their knowledge in the discussions
for an appropriate design. Some design issues and constraints
were only realized when the technology was in place. Creating a
space where changes in needs were accommodated and incorporated into design created resonance and led to the creation of a
more relevant/useful technology. Such changes included; localisation of the application, offline data capture and updating data
forms.
Technology is adaptable and users should be helped to see how it
changes in response to their changing needs. We saw that participants remained motivated and more willing to participate when
they saw their input or feedback being applied to improve/change

the design of the system. Furthermore, the participants felt free to
find new ways of using the system and the devices and were
confident to communicate these ways of appropriation.
Our approach to sustainability is in empowering the local people
in the communities to manage their water management activities
using an affordable and accessible technology as a tool. Using the
established government institutions such as the district water
office and community structures such as the water boards and
water committees has provided stability and continuity even when
we have left the communities after the workshops.

4.2 On a Government official as intermediary
We started off with an intermediary from an NGO in the communities but his departure following the NGO’s exit forced us to
consider existing government institutions. As emphasized by
Champanis and Rivett [6], using government structures supports
sustainability of community ICT interventions and allows for the
integration of the technology into communal practices.
Local community leaders (politically appointed) were involved in
our study but often pushed for their own agenda that substantially
differed from the needs of community members. Furthermore,
they constantly trivialised the needs of communities and hindered
participation of some. The district water officer was therefore a
suitable intermediary. He was a government appointee, was influential and respected in the communities and able to control political interference and bridge the cultural and language gaps
between the researchers and the communities. He was also enthusiastic about the use of ICT solutions to solve water problems.
Having the water officer as an intermediary has not only provided
a stable link to the communities, but enabled us to integrate our
intervention within existing government structures, thus reducing
the need for monetary incentives to participants. Furthermore, he
has been able to provide local support to the participants in helping them use and adapt to the system through regular meetings
and training when the research team was absent.
The loss of an intermediary, as happened initially in our case, can
easily affect the momentum or level of engagement with the
community. Implementing a technology within a community in
which one does not reside or originate requires a local support
system to provide continuity. It is possible to maintain communication and engagement with communities beyond the intermediary, but this requires immersion in the community and established
relationships that are not dependent on the intermediary.

4.2.1 Selecting an Intermediary
In choosing an intermediary for a community project, researchers
need to think of sustainability issues of the project after they have
departed. Although external NGOs and their team members may
have vested interest in the outcome of a community project and
have a lot of insight into community and users’ characteristics,
they eventually leave. We recommend selecting an intermediary
from an institution that forms part of the community structure. In
the eventuality of an individual leaving, the collaboration remains
with the institution and so the partnership endures.

4.3 Issues of Reciprocity
There is a debate on acceptable ways of compensating study
participants for their input. Actively engaging with community
members in co-design workshops means that the people have to
prioritize their time and participate in the research. In a resource
constrained situation this has consequences for their livelihoods.
Considering the ethics of reciprocity, we collaborated with our
participants and created a useful artefact as a direct consequence

of our research. This is considered a mutually beneficial relationship as we do not privilege theory over action [4]. However, we
acknowledge that our participants, while motivated by the need to
solve their problems, require compensation for participating in the
research. We also acknowledge the fact that we as researchers
might gain more from this research than other participants.

CBCD has afforded us a basis for continuous engagement with
communities to understand their context, their needs and aspects
in their environment that easily affect technology adoption and
use. In so doing, trust and confidence have been built that previously ‘powerless’ participants have been empowered to make
and contribute to design decisions.

Our key concern was the sustainability of the mechanism we were
to adopt so as not to create a dependency on monetary incentives.
Since different cultures and customs have different appropriate
ways of rewarding people, we consulted our intermediary prior to
the field study to understand what methods would be appropriate.
We therefore compensated the community members by giving
them a transport refund of USD 10 per day and we provided meals
during the workshops.

Participatory practices are normal and deeply anchored in the
rural lives of many African communities, which suggests that we
can generalise our lessons more broadly (Section 0). Therefore,
the emphasis of developers should be actively intervention-driven
introduction of technology to build up communities’ technological
sophistication and thus enable their active participation in design.
Concerns about excessive ‘rewards’ must not stand in the way of
giving our design partners access to appropriate technology. It is a
truism of mobile device development that ‘advanced’ devices
rapidly diffuse and reach most communities. This is especially
true of projects with a long anticipated life.

Furthermore, participants received phones that they were to use
beyond the purpose of the study. Leaving the phones behind has
given us another perspective on participant gains. For example, a
treasurer was helped to learn to use the phone by her son and in
return, the son was allowed to use the phone for his personal
communication. These phones have become shared resources and
are therefore considered a form of compensation for participation.
These forms of compensation may be considered exorbitant and
possibly with potential to reaffirm existing social-economic
inequalities ([35] p 176). Our choice of rewards was informed by
our intermediary and was in recognition of our participants’
commitment to the study. Scheyvens [35] suggests that providing
feedback to research participants can be a form of reciprocity.
Through our research approach, we were able to provide feedback
to participants and also allowed them to share their feedback.

4.4 Future Work
We have built local capacity (with enthusiastic and active participants) within the communities to provide basic support and act
as contact points in case of technical problems. The district water
officer continues to provide additional support to the users. We
are in discussion with an NGO that has shown interest in piloting
PM4W in a neighbouring district. We intend to use our established relationships with the communities to extend PM4W to
other communities as we improve it into a working system beyond
the prototype. We intend to conduct another round of evaluations
to get user feedback and conduct possible improvements.

5. CONCLUSION
We have presented a case study in which we applied co-design in
a rural context in a developing country. We have attached a lot of
importance to sustainability and are therefore not only interested
in having a usable system but also in how it can be integrated into
community water management practices and make a meaningful
impact on the lives of community members and rural water services in the long run. In so doing, we remained sensitive to local
values, available technological resources and constraints.
Community-Based Co-Design meant a commitment to a long term
collaboration with communities beyond the initial design. This
allowed us to develop a practical ICT intervention and study how
technology users untrained in design can be engaged in design.
We have explored the role and contribution of intermediaries in
community-based research and how reciprocity can be achieved.
Therefore, communities can be engaged successfully through
knowledgeable and stable intermediaries that are able to provide
clear perspectives on user capabilities and thus narrow the gap
between community participants and external researchers. By so
doing, we are better placed to capitalize on our interactions with
communities and create technologies that are flexible and usable.
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