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Abstract: Improved water safety management, as addressed by the Sustainable Development Goals,

can be aided by Water Safety Planning, a risk-assessment and risk-management approach introduced

by the World Health Organization and implemented to date in 93 countries around the globe. Yet,

this approach still encounters some challenges in practice, including that of securing collaboration

among the broad range of stakeholders involved. This paper presents a role-playing game designed

to foster stakeholder collaboration in Water Safety Plans (WSP). In this role-play, participants take on

different stakeholders’ roles during a collective (team-based) decision-making process to improve

water supply safety in a fictive town. The game is the result of a transdisciplinary initiative aimed

at integrating knowledge across technical and governance aspects of WSPs into an active learning

experience for water sector actors from diverse backgrounds. It exposes participants to the four phases

of Kolb’s experiential learning cycle: concrete experience, reflective observation, conceptualization

and active experimentation. This paper discusses potential impacts of the WSP role-play, including

skills and knowledge development among participants, which can support cross-sectoral integration

and dealing with complexity in decision-making. These are capacity assets strongly needed to address

water safety management challenges in a sustainable way.

Keywords: active learning; drinking water; role-play; stakeholder collaboration; Water Safety Plan;

water supply

1. Introduction

The Sustainable Development Goals (SDGs) launched by the United Nations [1] aim at achieving,

by 2030, “universal and equitable access to safe and affordable drinking water for all” (target 6.1).

This poses a triple challenge: reaching unserved populations, improving existing service levels,

and ensuring sustainability of existing and future services [2]. This target will be monitored by

tracking the proportion of “safely managed drinking water services”, which entails water that is free

from contamination, available on premises and available when needed [3].

Water safety management may be aided by risk management approaches, such as Water Safety

Plans (WSPs), a preventive risk assessment and management approach that encompasses all steps in

water supply from catchment to consumers, including water treatment and distribution [4]. WSPs were

originally introduced by the WHO in 2004 [5], following the 2001 Stockholm Framework [6] for the

development of risk-based microbial water quality standards for all water uses. Since then, WSPs have

been implemented in 93 countries around the world [7]. In the context of drinking water, WSPs require
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site-specific assessment of hazards impacting water quality from the watershed to the tap, and the

identification and implementation of risk control measures, monitoring and management plans.

Generally, the implementation of urban WSPs is led by the water supplier. Benefits related to WSP

implementation include improved management and traceability, and a demonstrated reduction of the

incidence of clinical cases of diarrhea [8].

Nevertheless, some challenges persist, such as securing executive buy-in (i.e., support from the top

management), encountering a favorable organizational culture (i.e., a sense of collaboration towards

a common goal of improved management practice and public health protection), and overcoming

the perception of WSPs being an additional burden for utilities [9,10]. Further, one of the greatest

challenges is to actively involve stakeholders other than the water supplier in the WSP process, despite

the WSP manual reporting that favoring dialogue and collaboration among stakeholders is one of the

benefits promoted by the WSP approach [11]. Improving water safety at the treatment and distribution

stages may be manageable by the utility with limited commitment of other stakeholders, but a WSP

cannot be fully implemented without the involvement of major stakeholders at catchment and at

household scale. In fragmented water governance structures, cooperation among stakeholders in the

implementation of WSPs, as encouraged by the Integrated Water Resources Management (IWRM)

principles [12], generally doesn’t occur.

Multiple approaches have been adopted for building capacities on WSP: these range from a variety

of short courses (face-to-face or on-line) to Water Operators’ Partnerships or courses at universities and

higher education institutes. Most of the courses are based on teaching material developed by WHO

& IWA [13]. Nevertheless, after over 10 years of capacity building and the implementation of WSPs

worldwide, research highlights that in many cases there is little evidence of involving stakeholders

from the catchment in WSPs [14]. Hence, there is a need to support implementers with tools that

facilitate or enhance collaboration between stakeholders. Additionally, Parker and Summerill [15]

reported that the ability of WSPs to involve all stakeholders was seen as a motivation to engage in

WSPs; yet, poor relationships with other stakeholders formed a barrier in several countries.

In this paper, we argue that role-plays can significantly contribute to both enhancing

experience-based learning on governance of water safety management and developing skills required

for water professionals dealing with the design and management of WSPs. Role-plays are a form of

simulation in which learners engage actively in problem solving, while the teacher acts as facilitator and

uses his/her knowledge to develop realistic scenarios, creating a ‘situational interest’ by presenting

a problem stimulus [16]. They address the demand for active learning in multiple ways. First,

pedagogical theories suggest that knowledge is not transferred from the teacher to the learner,

but rather constructed by learners whilst the teacher acts as a facilitator [17,18]. This has important

implications on the role of the learner, who ultimately holds the responsibility of his/her learning

process [19,20]. Learning, therefore, requires actively engaging with the subject matter, as ‘students

learn best when they engage with course material and actively participate in their learning’ [21–24],

active learning techniques are increasingly being encouraged. Through the role-play, learners are

exposed to a real-life situation in a protected environment that allows them to experience, experiment

and repeat (trial and error), thus putting the learner in the condition of both constructing and enhancing

their knowledge [25]. Participants take on an active role (e.g., a given stakeholder involved in water

management) during the simulation of an activity that involves interacting and making decisions.

In this process, activation is intrinsic: “individuals assume roles, act out their characters, experience

the interaction and see the outcome” [20]. Second, the flexible structure of the role-play generally

allows the pursuit of different scenarios and, in turn, multiple learning objectives. Because of the trial

and error pattern, these also allow testing and reinforcing knowledge by practicing in a variety of

scenarios [26]. Role-plays often entail multidisciplinary scenarios, in which different dimensions of a

problem or a process are addressed in the controlled and safe environment of the role-play [25].

We present an original role-playing game developed to complement existing training materials

with the following objectives: (i) raising awareness of water professionals of the added value of WSPs
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and ensuring a safe water supply globally, and thus of achieving Sustainable Development Goal 6,

target 6.1 [3]; (ii) creating a learning environment where water professionals can practice stakeholder

engagement while making strategic decisions on financial investments in the rehabilitation of a water

supply system; (iii) demonstrating the importance of effective collaboration and integration among

stakeholders in decision making on water supply safety. After presenting the game, we discuss the

potential impact of the game on water professionals and on water governance at large.

2. Materials and Methods

The context of this role-playing game is a multiple-stakeholder decision-making process to address

public health protection in relation to drinking water safety. Participants are divided into groups

to experiment with decision making in two consecutive game rounds: (i) the first round simulates

a ‘fragmented’ institutional environment, where stakeholders are segregated and communication

is limited (ii) the WSP ‘integrated’ institutional environment is evaluated in the second round,

when communication between stakeholders is intensified, eventually leading to a different outcome

of the decision-making process. The outcome of both rounds is evaluated in terms of water quality

risk reduction, revealing how stakeholder engagement and cooperation in the WSP decision-making

process could lead to improved water quality through more efficient investment planning.

The target group includes water professionals of different backgrounds (i.e., public administration,

engineers, policy makers) who may either implement or advocate for the implementation of WSP in the

future. At a broader level, the game can also be used with other practitioners within the water sector

(including—but not limited to—all stakeholders represented in this game), and as an educational tool

for any group of students taking courses related to water governance and water services management.

The game was developed in 2016–2017 as a result of a collaboration between the Water Supply

Engineering and Water Services Management chair groups at IHE Delft. This game is part of

a set of tools developed by IHE Delft to support capacity building for water utilities in Water

Operators’ Partnerships towards achieving a range of performance goals. The game is the result

of a transdisciplinary initiative aimed at integrating technical knowledge with water management and

governance of WSPs into an active learning experience for water sector actors from diverse training

backgrounds and fields.

The development of this game was an iterative process based on initial brainstorming and review

of other serious gaming tools used in water management. The game was tested with (i) students

enrolled in the Master Programme in Urban Water and Sanitation at IHE Delft (n = 18), (ii) students

enrolled in the Master Programme in Water Management at IHE Delft (n = 9), and (iii) researchers

of the Dutch National Institute for Public Health and the Environment (RIVM) (n = 15). The game

was part of a larger course or training on WSPs. Plenary feedforward sessions—that is, to listen

to the suggestions for the future—were organized at the end of each game. The game developers

listened to the suggestions, took notesk and integrated the suggested modifications into the subsequent

revisions of the game. During the students’ sessions, each team appointed a participant to take notes

about potential improvements of the game. Additional guidance was sought from a WHO consultant

experienced in WSP and role-play games. The game was finalized in August 2017 and is available

open-access on the WSP Portal (http://www.wsportal.org) of the IWA/WHO and on the BEWOP

project website (http://bewop.un-ihe.org). The final version of the game is intended to be played over

a period of 4 h, but includes additional features to turn it into a longer version (suggested 6 h).

3. Results

In this section, the main features and stages of the game, i.e., the preparatory steps, round 1 and

round 2, and the outcomes of the testing process are described.

http://www.wsportal.org
http://bewop.un-ihe.org
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3.1. Preparatory Steps

To begin with, the roles are assigned to participants and the case study is presented. The case study

is a fictional town named BE, which is supplied with treated surface water. In BE town, agricultural

activities in the catchment have significantly intensified over the past decades, moving from small-scale

subsistence agriculture to larger-scale. A chemical factory has recently opened in the rural-urban

fringe, and the quality of the river water has been drastically deteriorating. The water supply company

is struggling to supply drinking water that meets basic water quality standards. In this scenario, the

local government has received funds from a developing agency, which they must use to tackle multiple

issues in the water and sanitation sector. In addition, the water company has its own budget to invest

in rehabilitation. The total budget remains limited with respect to the range of issues faced by the

utility, and therefore investment priorities need to be set.

Before diving into the game, participants are divided into teams, such that each team includes at

least one participant representing each of the following stakeholders:

1. Catchment authority

2. Farmers’ association

3. Industry

4. Water supply company

5. Local government

6. Ministry of Public Health

7. Consumers

3.2. Round 1

The first round of the game aims at allowing participants to experience a situation that is in

many instances representative of typical real-life context, i.e., institutional fragmentation and limited

communication among actors. The scenario of stakeholders’ interconnections presented in Table 1 is

given to participants, which use it to form the two sub-groups: one led by the local government

(in grey in Table 1) and the other one led by the water supply company (in white in Table 1).

Communication within the sub-groups is not allowed, and the information available to each sub-group

differs, as detailed below.

Table 1. Stakeholders’ interconnections and influence factors in decision making.

Stakeholder Links
Influence
Factor

Catchment authority

Weak relationship with farmers’ association about land use and agricultural practices
Weak relationship with industry about types of chemicals discharged in plant’s
effluent
Weak (informative) relationship with city government as downstream user in the
catchment

1/10

Farmers’ association Weak relationship with catchment authority 1/10

Industry Weak relationship with catchment authority 2/10

Local government (municipality) * Weak relationship with catchment authority 6/10

Water supply company *

Relationship with customers based on billing, customer complaints and satisfaction
surveys
Weak relationship with Ministry of Public Health which provides guidance on
drinking water quality

5/10

Ministry of Public Health Weak relationship with water supply company 3/10

Consumers Necessary relationship with water supply company 2/10

Note: * Indicates the stakeholder leading the sub-group.

The water supply company has a budget of 1M BE$ and the local government of 3M BE$. Within

each sub-group, stakeholders must discuss how to invest the money they have available over a

period of 10 years, using the printed information available for each sub-group. Each stakeholder

within the sub-group can influence investments of an amount corresponding to a fraction of the total
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budget managed by the local government or by the water supply company, based on the respective

weight of each stakeholder. The amount is calculated as follows: amount of investment influenced by

X = (influence factor) × (total budget sub-group). This relative influence of individual stakeholders

with respect to collective investment decisions is referred to as the ‘weight distribution’ of stakeholders.

The sub-group led by the water supply company can use the WSP they recently developed (for

the sake of the game, a summary of the WSP, focusing on the highest identified risks, is provided to the

sub-group (i.e., it is assumed that this was developed by the water supply company through activities

that are not part of the scope of the game)) (see an excerpt in Table 2), but they won’t be able to invest

on all the items listed in the improvement plan because of two reasons: (a) they have a limited budget,

and (b) some interventions would require the collaboration of stakeholders from the other sub-group,

with whom they cannot communicate (as exemplified in Table 2).

Table 2. Example of one high-risk hazard and possible control actions identified through the WSP.

Hazard Likelihood Severity Risk Control Action
Investment

(M BE$)

Risk after
Implementing the

Control Action

Stakeholders
Involved/Remarks

Pesticides
from
agricultural
uses

4 3 12

1.A—Improved farmers’
practices involving a
reduced use of pesticides

0.8 9

Requires close
collaboration with
farmers and
coordination through
the catchment authority

1.B—Investment in
advanced treatment
systems at the drinking
water treatment plant

2 3

1.C—Improved treatment
at the drinking water
treatment plant through
punctual dosing of
powdered activated
carbon during and after
intense rainfall events

1.2 6

Requires close
collaboration with
catchment authority for
accurate and timely
information on rainfall
events

Meanwhile, the sub-group led by the local government can only rely on a list of various issues

that have been raised over the past few years of the government’s mandate around water supply

and water management, along with the estimated funding required to address the issue at the time it

was raised. This sub-group therefore does not have access to the information contained in the WSP.

The two sub-groups will eventually deliver different investment plans and it will become evident that

both the presence of a WSP and stakeholders’ collaboration could considerably improve the decisions

to be taken.

3.3. Round 2

In this second round, stakeholders play as one group (i.e., both sub-groups are reunited into

the original team). In addition, they have the opportunity to re-define the interconnections and the

influence factor of each stakeholder. Participants reflect on what the consequences and limitations of

such a weight distribution are, and how it can be reconsidered and improved in order to increase the

benefits of coordinated decision-making on water supply.

The spending of the total budget (4M BE$ in total) is guided by an investment plan based on the

prioritization of risks and control measures as informed by the WSP. The stakeholders can negotiate

which investment they support, based on their own interest. If a given option requires collaboration

from specific stakeholders, these stakeholders must agree to support at least part of the investment

required to implement that control action. During the discussion, play-money can be placed on a chart

that illustrates all possible investment decisions and their respective costs (Figure 1).
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Figure 1. Chart used to illustrate investment decisions made by a team in round 2.

Stakeholders should aim at the set of investments that will result in the greatest risk reduction.

When playing in a large group with several teams, and/or if there is more time available

for playing the game (~5–6 h), the trainer can distribute ‘unexpected event cards’, which include

natural calamities that restrict the budget available or new risks that need to be immediately tackled,

thereby influencing priorities and the set of investment decisions that the team settles on during this

second round.

3.4. Feedback Session

The game ends with a discussion on various aspects of the game, particularly comparing the

outcomes of the two rounds of the game. Additionally, the connections between stakeholders and their

respective influence factor are discussed, as well as the rationale, interactions and processes behind the

group’s decisions on investment. Finally, participants are guided through assessing the ‘take home’

message from playing this game:

• Could participants relate the experience of stakeholders’ fragmentation in the game’s first round

to the water supply sector situation in their own country?

• Could participants appreciate the value of the WSP as a support tool to protect public health in

water provisioning?

• Could participants appreciate the value of stakeholders’ collaboration while taking strategic

decisions on investments during the second round?

3.5. Testing Process

A total of 27 Master students and 15 public health practitioners and researchers tested the game.

Only 4 participants (15%) among the students group and 3 participants (20%) among the public health

practitioners and researchers group had previous experience with WSP. Master students stated that

they could clearly relate the stakeholders’ fragmentation to the water sector in their own country,

being mainly from developing and in-transition countries, but this was more difficult for the public

health practitioners and researchers from The Netherlands. Moreover, the trainers observed that the
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group of Master students was easily acting out the roles throughout the game, whereas the group of

public health practitioners and researchers had more difficulties in adhering to their roles.

Participants in both IHE student groups were asked to discuss their experience orally after playing

the game. All participants in the student groups mentioned that, through the game, they gained a better

understanding about the importance of stakeholders’ engagement for the successful implementation

of WSP. Many participants in the student group also mentioned that they would be likely to play this

game in the future, to support training on WSP and stakeholder coordination on water management

from catchment to tap. These last two points were not discussed with the public health practitioner

and researcher groups. The latter was requested to fill in a simple evaluation form that included one

question related to each part of a broader training workshop of which the game was part. Only partial

results were obtained from this group: 7 out 15 participants filled in the evaluation; 5 out of 7 were

extremely positive about the game and 2 out of 7 were neutral.

Another extremely important component of the testing process was the feedforward session.

The main suggestions received from participants were related to the operationalization of the game.

This included, for instance, adding a “fun element” to the game. As a result, the team developed

play-money to be placed on a chart that illustrates all possible investment decisions (Figure 1).

Additionally, Master students helped the trainers to improve the process for allocating money to

each stakeholder by simplifying the influence factor approach (Table 1). Other suggestions included

elucidating some minor clarity issues in the participant’s and trainer’s guidance manuals, which were

addressed in the final version available online.

Finally, expert opinion on the game was sought from a WHO consultant who had extensive

experience with role-playing games in relation to water safety. His most valuable suggestion was to let

participants reflect on the risk minimization linked to each control action, in order to overcome the

tendency to focus just on cost (Figure 1). His suggestions also enabled the improvement of operational

elements of the game, such as color coding of stakeholders’ tags, and adding guidance in the trainer’s

manual on how to organize the room and facilitate the role-play the when playing the game with

larger or smaller groups.

4. Discussion and Conclusions

This section discusses the potential impact of the WSP role-play on knowledge and skills

development among participants, as well as the potential impact on longer-term water quality planning

and management. First, the game offers the opportunity to experience the importance of integrated

approaches to water quality management. It is often argued that the so-called “water crisis” is, to a

large extent, “a crisis of governance” [27–29]. Water governance is complex and involves a wide range

of interconnected processes, embedded in fragmented and institutionally complex systems [30,31].

Managing water quality from catchment to tap and protection of public health require understanding

water challenges as interconnected at the city, region or basin scale, as well as among users and across

the water cycle. In experiencing the different scenarios (without and with collaboration of different

stakeholders), participants become aware of the crucial need for stakeholder collaboration to achieve

safe water supply.

Further, water quality management, just as suggested by IWRM principles [12], entails developing

a set of skills and competencies for water professionals to deal with integration and complexity [25].

In fact, professionals in the water sector are increasingly required to have an in-depth knowledge in

their specific field, whilst being well versed in adjacent and related ones [32]. Implementing WSPs

requires not only an expertise on water quality and supply operations, but also an understanding

of water governance processes and negotiation skills, such as dealing with allocation of resources

or the right to pollute entails developing collaborations and handling potential conflicts [25,33,34].

During the game, participants are exposed to two different types of negotiations, where they must

agree on budget allocations, establish priorities and reach an agreement with stakeholders that might

have different positions and interests. The long version of the game also simulates unexpected events
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such as a sewage pipe break, unforeseen operational problems at the water treatment plant, new

regulatory requirements for water quality, farmers going on strike, extreme weather conditions, etc.

This scenario-based training forces participants to engage in new and more complex negotiations,

and to think about how to address the event and return to business as usual or reach adapted,

acceptable (or even improved) operational conditions. It exposes the participants to the reality of

unexpected, dynamic, evolving conditions, and therefore increases their awareness to the context of

uncertainty in decision-making processes. Moreover, understanding and addressing water governance

challenges, which constitute one of the bottlenecks in effective water safety management, require

interdisciplinary analyses encompassing both the institutional (i.e., socio-political, cultural, ethical and

legal) and the technical dimensions (e.g., geo-hydrological and engineering assessments, water quality

monitoring) of water management [35,36]. By simulating a real decision-making context involving

multiple stakeholders, this game allows participants to experience some of these various dimensions

of water management, as conflicting interests and priorities of the different stakeholders will emerge

from the teams’ discussion and decision processes.

Moreover, this role-play represents an important tool for enhancing participants’ knowledge

on water safety management from catchment to tap, i.e., the WSP approach, including associated

challenges and benefits, and on the impact of various stakeholders on water supply safety. Participants

build this knowledge through active problem solving by making decisions on investments on water

safety and by conciliating different stakeholders’ interests (especially at the second round). In fact,

role-playing games have the potential to be especially effective when the desired performance objective

of the training involves problem solving [16].

According to Kolb, experience plays into the learning process [37]. The game exposes participants

to different learning moments that cater to different learning styles. At different points in the game,

participants are exposed to the four stages of Kolb’s experiential learning cycle (Figure 2). In the

first round of the role-play exposes students to what Kolb defines a Concrete Experience (1): here,

participants experience the behavior, different levels of influence and potentially conflicting interests

of stakeholders involved or affected by water safety management. They experience this in a simulated

‘fragmented’ system, representative of real-life context in many instances. The concrete experience

leads to Reflective Observation (2): before starting the second round, participants in both sub-groups

reflect on the outcome of the first round and on the challenges they faced. Through the plenary

feedback discussion, some level of Conceptualization (3) can be derived from the previous stages,

e.g., on WSPs as tools for strengthening the decision-making process on water safety investment

and on the need for stakeholders’ collaboration. This stage also works as a tool for facilitators to

test participants’ knowledge on water safety management from catchment to tap. In this phase they

identify and describe the challenges faced in the implementation of WSP and the impact of various

stakeholders on water supply safety. Finally, by playing the second round of the game, participants can

engage in Active Experimentation (4): they practice the concepts they have just approached through

another round of role-play, in a simulated ‘integrated’ system, with the potential to further practice

later in real-life situations as water professionals.

As a result, the game has the potential to provide both short-term impacts (e.g., achieving the

learning objectives during the training) and medium-term impacts (real-life WSP implementation).

Beyond this, the set of skills and the type of knowledge that the game seeks to develop among

water professionals aspires to longer-term, broader impact on transformative change: skills and

knowledge that help support cross-sectoral integration and deal with complexity in decision-making

are increasingly needed in order to address sustainability challenges. The active learning material

presented in this study aims at contributing towards a better understanding of the WSP approach,

as a tool for water utilities to engage with a broader network of stakeholders, but also to further

challenge-based training of water professionals on social and interactional skills’ development, which

are critical to solve the pressing issues underpinned by the SDGs.
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