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ABSTRACT ARTICLE HISTORY
Water management presents unprecedented challenges to pol- Received 5 April 2024
icymakers and requires innovative approaches. This paper con- Accepted 30 April 2025

ducts a qualitative systematic literature review on the impact KEYWORDS

of serious games in the water sector, assessing the perspec- Water governance; serious
tives of these games in terms of their potential influence on games; wicked problems;
policy design. The review points to the positive effects of policy design; management
serious games in enhancing knowledge acquisition, fostering

collaboration, and supporting policy-making, facilitated by the

direct and collaborative exchange between participants in the

interactive game sessions. However, in the absence of long-

term studies to support these findings, further research is

recommended.

Introduction

Climate change confronts policymakers with unprecedented situations and requires
innovative ways of managing limited natural resources, such as water. Over the last
decade, global awareness of water scarcity has increased significantly, with Europe -
historically a water-rich region - being one of the main drivers of this awareness
(Ahmad & Kam, 2024). In addition, the impact of droughts on agriculture is
becoming more severe, posing significant challenges to society (Chen et al., 2024;
Madadgar et al., 2017; Toreti et al., 2024; VicenteSerrano et al., 2022).

Despite the progress in research, the uncertainty about water-related extreme events
remains a difficult challenge, especially in the face of climate change (Sharafati &
Pezeshki, 2020). This poses a significant challenge to the public, and especially to
policymakers, in understanding the situation and in making informed decisions. Given
the increasing severity of events such as droughts, it is imperative that decisive action is
taken, even in the absence of comprehensive knowledge.
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In the wake of climate change, even in originally water-rich countries such as Germany,
policymakers will have to learn how to deal with water stress and different water availability
or quality in the future (Bake et al., 2021; Bathke et al., 2019). This is also reflected in the
German media, which has increasingly reported on climate risks such as water scarcity and
shortages in recent years. The number of search results for Wasserknappheit (water
scarcity) and Wassermangel (water shortage) on the professional research platform
GENIOS (GBI-Genios, 2023a, 2023b) shows that media coverage of both terms in
Germany roughly tripled between 2017 and 2018. Both terms peaked in 2022, with 1741
results for water scarcity, more than five times as many as in 2017 (316). Similarly, there
were 2279 results for water shortages, compared to just 550 in 2017. This increase in media
coverage indicates the growing importance of water for Germany.

However, attempting to deal with such previously unknown situations is a problem
that can itself be recognized as a wicked problem (Head, 2022), involving not only
uncertainty but also often considerable complexity or conflict. One approach to addres-
sing wicked policy process problems such as water management and developing success-
ful and comprehensive risk or mitigation strategies is to build on participatory methods.
In addition to traditional methods like chair circles, where stakeholders discuss an issue
face to face, we are interested in the effects of additionally using serious gaming formats
to stimulate the discussion and exchange perspectives. Participatory methods can be
particularly useful for dealing with new problems, where past experience is insufficient,
and where conventional approaches — such as deriving certain criteria for successful
policies from past best practices (Ostrom, 1993) - reach their limits. Collaborative
policies seek to combine different types of knowledge to reduce potential ignorance.
Moreover, participatory approaches may offer the opportunity to frame issues more
comprehensively and potentially improve the effectiveness of the policies developed.
However, the extent to which participatory methods are effective for wicked problems
and policy design is a current discourse (Kirschke & Kosow, 2022). Serious games are
a specific participatory method useful for simulating potential scenarios and exploring
different options for action with participants, including stakeholders. In this environ-
ment, participants can engage with the research through the game, as well as with each
other. Thus, serious games can be used to promote interaction not only between
participants and researchers but also between different stakeholders.

Serious games are defined as games that ‘are developed for a purpose beyond enter-
tainment and aim to address real-world challenges’ (Jean et al., 2018). They originate
from game theory (Abt, 1987), i.e., the theory of strategic reasoning (Von Neumann &
Morgenstern, 1940), where players’ actions are interdependent (Schelling, 1980).
A distinctive feature of serious games is that stakeholders actively participate as players
in the game (Abt, 1987), going beyond mere thought experiments.

As serious games allow for the participation of multiple actors, including participants
and stakeholders from diverse backgrounds, this approach is seen as an essential tool for
integrating participatory research with the exploration of options, such as future manage-
ment options. In most cases, serious games are used to help participants understand the
potential impact of their actions, often to increase the acceptance of certain measures
(Keseru et al., 2021; Tori et al., 2023). Several literature reviews on serious games in the
context of water governance (Furber et al., 2018; Medema et al., 2020, 2014) or water
management to support decision-making (Mittal et al., 2022; Savic et al., 2016; Xu et al,,
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2020) have already been documented. Building on previous research, our specific focus is
to explore the effects of serious games in the highly intertwined field of water governance,
and to investigate the potential benefits perceived by participants, particularly in terms of
their impact on policy processes.

This review therefore explores the following key questions:

(1) How do serious games address the challenges posed by the uncertainty, complex-

ity, and sometimes conflicting nature of water governance?

(2) What types of effects are expected to influence policy processes, and which of these

effects are empirically observed and which (still) lack validation?
To examine the impact of serious games in water governance on knowledge generation
and policy-making processes, we conduct a qualitative and systematic literature review
on serious games in the water sector, focusing on their effects on policy design, including
an analysis of stakeholder engagement.

The next section outlines the methodology adopted for this systematic literature
review, explaining the rationale behind our chosen approach and its implementation.
In the third section, we present a curated selection of studies on serious games in the
water domain, highlighting the rich diversity of serious games research in both theory
and practice. We also critically evaluate the limitations inherent in this body of work.
Throughout this review, we contextualize serious games within the framework of wicked
problems characterized by uncertainty, complex interrelationships, and conflicting
objectives (Head, 2022). We then outline the potential implications of serious games
for policy-making processes and discuss their current and potential roles in research,
policy advice, and policy design. The fourth section provides a summary of the effects of
serious games as identified in our review, focusing on (1) the different effects on policy
processes, (2) effects that have already been observed empirically, and (3) those that have
been hypothesized but await validation. In the final sections, the discussion and conclu-
sion, we address key suggestions and research gaps regarding the use of serious games in
water governance, recognizing their potential applicability to other thematic areas.

Framework of the study
Serious games in water governance

Serious games are particularly well suited to use cases in water governance where multi-
ple perspectives on an issue need to be considered and there is a particular urgency to act.
This can be the case when decision-making is subject to (1) time constraints, (2)
complexity and uncertainty, and (3) subjectivity (i.e., a socially constructed reality that
requires a negotiation process; Furber et al., 2018; Medema et al., 2016).

In addition, subjectivity can play a dual role in this context, as human interactions also
influence the situation beyond its relevance to the issue under discussion. Therefore,
wicked problems (Head, 2022) can arise in water governance. Serious games could
provide potential solutions, ideas, or at least an open space for discussion. However,
their potential contribution is, in our opinion, underestimated in research. Research
could use serious games to develop new scenarios or to explore future contexts (Kosow
et al., 2024), allowing the pre-experience of possible future events to analyse and address
concerns, while potentially supporting decision-making. Serious games are considered
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particularly helpful in a transboundary water context (Douven et al., 2014), as these cases
tend to be characterized by high levels of complexity and subjective, often divergent,
views on the issue. Conversely, regulation by a single authority is almost impossible
(Mayer et al., 2021), suggesting that systematic and comprehensive approaches are
crucial. Moreover, water is mostly available as a shared common pool resource, with
the associated well-known coordination problems (Albrecht et al., 2018; Hardin, 1968),
such as in the case of rivers flowing through several countries. These problems of
cooperation between countries are particularly challenging in times of drought
(Bocchiola et al., 2017). Ostrom (1990) emphasizes that in such circumstances, coopera-
tion is a more promising approach than top-down imposition. She also highlights the
importance of increasing and sharing knowledge, which participatory serious games
could potentially promote.

Furthermore, Valkering et al. (2013) state that serious games in water-related contexts
can generate valuable insights for the participants in terms of reflecting future conditions
and corresponding strategies, with the latter likely to change according to the current
societal trends. As such, the game environment allows for the experience of a volatile
context with significant uncertainty, where decisions have consequences and can limit
the horizon of further steps.

Methodology of the literature review

This paper presents a qualitative and systematic literature review (Rother, 2007) of
serious games in the research field of water governance and knowledge production.
The conduct of this review was influenced by the PRISMA standard, a general guideline
for the structure and scope of a literature review, which outlines the steps to be taken
from the start of an initial search to the final selection of papers for analysis (Sarkis-
Onofre et al., 2021). Given our specific research questions, a systematic literature review
is useful because this approach allows us to focus only on articles that are particularly
relevant to our study. The systematic literature review process begins with questions that
narrow the scope of the review by relevance (in terms of the research objective). In line
with this systematic approach, we provide details of the databases and search methods
used to make our process reproducible and comparable with similar or subsequent
studies. Furthermore, while systematic reviews can have a strong quantitative focus,
our analysis focuses on qualitative evidence, i.e., the effects or outcomes of serious
games as reported in the literature.

We assumed that repeated mention of effects in the literature might be an indication
(certainly not a proof) of their validity. Therefore, we still assessed the frequency of
reported effects to provide a more comprehensive picture (see Appendix A and Appendix
B). While some existing work has explored serious games in water governance, such as
Forrest et al. (2022), who compiled a comprehensive list of serious games used for flood
management, there remains a gap in the literature: of bringing together both empirically
validated and claimed but not (yet) validated effects of serious games used for water
governance. The complexity of water management, encompassing various challenges
related to droughts, floods, heavy rainfall, and swelling water bodies, contributes to this
gap. In addition, the network of actors is case-dependent and often infinite when
considered as a whole. Therefore, this review aims to represent a broader range of serious
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gaming literature on water governance. It goes beyond the analysis of individual games
by synthesizing their common effects and implications for policy-making. To reduce
both author and selection bias, we used the websites” search term algorithm to build
a comprehensive literature pool of water-related serious games by adapting terms from
the aspects of our research question. Some of these terms used in combination with the
Boolean search were: water, governance, serious game, conflict, water management, and
policy design (see also Appendix C; further details of the literature review available on
request).

Scopus and Web of Science were searched for the last 30 years. In parallel, all the
authors of this paper carried out an additional literature search (including a snowball
search with the articles already found), which seemed advisable in an emerging area of
research and to reduce the risk of selection bias. Our approach is thus similar to the
hybrid search strategy presented by Wohlin et al. (2022). We then had two authors
examine each reference independently to reduce selection bias. The complete selection
process is depicted in Figure 1.

The selection process resulted in a combined body of literature of 27 publications (see
Appendix A), which were then subjected to in-depth analysis by two of the authors. They
collaborated in the formulation of the results, which were subsequently verified by
another author. The main exclusion criterion at this stage was that the authors of
a publication either did not conduct the serious game themselves or did not provide
sufficient detail about it. Of the final 27 publications, 8 studies are presented in the next
section as examples that are representative of a wider field. In order to address our
overarching research question and to present the work of others in a clear and consistent
way, we extracted data from the studies according to this structure:

Key
Word Title /
Full
Searc " Ab-
[}
‘§ Paper|
h = stract
3 Se-
3 Se-
2 lec-
g lec-
~ tion
tion
Free
Searc
h [j40

Figure 1. Literature selection process.
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(1) Topic, case, and research question/objective

(2) Region and/or actual conflict, if applicable

(3) Development, type, and implementation context of the serious games approach,
including role and type of participants

(4) Claimed effects and reflections of the authors of the serious games studies

(5) Additional identified research gaps, if applicable.

The following sections provide a general summary of the effects described in all
27 studies reviewed, as well as some illustrative study cases with the points
mentioned above. The description of the illustrative cases is provided to give
examples of the general design of serious games and to identify gaps that could be
addressed.

Against this background, the paper continues with the role of knowledge creation and
social learning induced by serious games before turning to their potential for cooperation
and collaboration, including (but not limited to) transboundary water governance.

An initial classification of serious games in water governance

In this section, we evaluate some water-related serious games as examples of possible
effects of serious games, derived from the observations mentioned in the literature. It is
important to note that this is intended to be an exploratory rather than a comprehensive
review. Thus, the aim is to identify any gaps between intended or expected and actually
observed effects of serious games in order to inform the development of future serious
games. We do so by reviewing the literature as described in the previous section (steps
1-5). Although there is much overlap in the effects of serious games and it is not always
easy to make clear distinctions, we provide some general examples for the following
topics. Some serious games are potentially applicable to different subsections. We have
chosen them for their content to introduce the effects mentioned, as we want to illustrate
these effects through some exemplary cases, keeping in mind the idea of showing specific
patterns (a first ‘classification’) in these water-related serious games. First, we focus on
a general knowledge production effect that could be associated with serious games, such
as understanding complex issues. We then highlight the potential effects on collaboration
and possible relationship building, and finally, we describe some cases that are more
relevant in the context of policy design.

Serious games in relation to learning processes

A key effect of serious games seems to be the opportunity for knowledge production,
both for individuals and in interaction with others, to create shared knowledge (improv-
ing learning processes). Exchanges between different actors could create mutual under-
standing of topics and could contribute to the acquisition of different types of knowledge
or new points of view. Medema et al. (2017) explore the possibilities of networks in terms
of knowledge co-production in the case of watershed governance networks. They identify
challenges for water organizations in facilitating knowledge: limited communication
between the players is identified as one of these challenges, where communication
technologies, such as online maps, could improve information sharing. Furthermore,
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insufficient interaction was an additional concern. In this context, we briefly evaluate two
outstanding serious games that could help to overcome the problem of lack of interaction
and communication, while at the same time improving knowledge sharing.

Hummel et al. (2011) focus on individual learning improvements through a single-
player serious game. In a pilot study in the Netherlands, 12 students with a background in
water management were asked to participate in a scripted collaborative game built by
EMERGO, a toolkit for serious game development. They evaluated the topic of aqua-
culture, a relatively new field in the Netherlands, especially for policymakers. The focus
was on improving understanding, including multiple dimensions such as natural, tech-
nological, political, or social aspects. The study concludes that the use of such a serious
game setting could help with learning and understanding complex issues. Students even
perceived the scripted collaborative approach as a good tool for experiencing different
perspectives, which would be useful for future water management tasks related to their
university studies.

Bathke et al. (2019) present a different type of game design, namely a serious game
played with multiple participants in direct competition with each other. The authors
investigate whether serious games can be a useful tool for testing public policies (e.g.,
Creighton’s (2005) theory of public participation), here also in the case of knowledge
production and exchange. They use a so-called ‘Multi-Hazard Tournament’ for the case
of the Cedar River Watershed in the state of Washington and let the participants develop
the best solutions to reduce the impacts of flooding, drought, and water quality degrada-
tion under different climate scenarios affecting the watershed. The serious game was
played in teams where collaboration was encouraged in order to score more points than
the other teams. Sixty participants with backgrounds ranging from government actors
(federal and local) to non-governmental organizations, academics, and farmers took part
in the study, divided into seven mixed teams. The study also included a pre-and post-
tournament survey to explore the outcomes, asking questions such as whether collabora-
tion had been fostered, whether participants had met new people for coordinated action,
and whether and how they had used their new knowledge in decision-making, particu-
larly for the Cedar region. Many of the respondents said that they had sought new
collaborations and projects, and as many as 64% agreed that the threat scenarios had
proved helpful in future decision-making. Finally, participants said they had gained new
knowledge about water, floods, and droughts. In the tournament itself, the researchers
found that the players collectively used their knowledge to adapt their decisions. In
addition, a kind of bigger picture of such conflict fields was achieved, even helping to
understand financial investments and their potential impact. In this study, the authors
concluded that a kind of social learning took place that helped to engage different people
from different backgrounds to work together on scenarios.

In many serious games we see similar patterns of learning processes for the partici-
pants, ranging from general learning about a particular topic or from future decision-
making to social learning. However, in most of these examples, the latter effects are
mentioned more implicitly, with the exception of Bathke et al. (2019).
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Serious games about (transboundary) collaboration

The following examples of collaboration show that serious games can be a way to
support or initiate interpersonal processes. Jean et al. (2018) used the serious
game ‘Aqua Republica’ to investigate the changes in the interactions of the
participants involved throughout the game sessions, addressing both the quality
and quantity of interactions. ‘Aqua Republica’, usually a single-player game used
to explore the difficulties of water management, was run as a forced competition
game in this study. Jean and colleagues ran four competitions with 42 participants
from different backgrounds. One competition was between master’s students in
water management, another with the board of directors of the ‘Rideau Valley
Conservation Authority’, and two with watershed organizations playing the role of
different stakeholders. Some general observations emerged from these competi-
tions, particularly about interactions and collaboration. For one thing, they found
that interactions increased over the course of the games. They even credited
serious games with the ability to strengthen existing relationships but also found
that the games could facilitate the creation of mutual understanding and some-
times initiate new collaborations. In their case, however, it is unclear how serious
games could affect the co-creation of knowledge. In addition, the authors men-
tioned the need for longer observation of participants to assess if and how
interaction develops over several months.

Mayer et al. (2021) show how serious games can stimulate cooperation or inter-
action in a transboundary context. An aquifer on the US-Mexican border served as
the setting for this serious game. As an example of an aquifer that already extracts
more water than is replenished each year, this case seemed significant. For this cross-
border case, there were participants from both countries, while also trying to include
stakeholders from the municipal or industrial sector. In total, 20 participants took
part in the serious game. However, as there were six online sessions over a four-
month period, each lasting between 60 and 80 minutes, the number of participants
varied from session to session. The serious game was a discussion game with different
agents about possible strategies to solve the problem of excessive water use. The
researchers developed the potential scenarios and water values to be discussed based
on the real case. They found that serious games had a social learning effect, as by the
end of the sessions, none of the participants accepted the status quo scenario (busi-
ness as usual). Although there was no clear outcome regarding the future of this
aquifer, the authors noted that the serious game helped to animate the interaction
between the different participants. ‘Over the course of the workshops, participants
were capable of understanding the relevance, or importance, of joining a collaborative
effort’ (Mayer et al., 2021). Nevertheless, this study identifies several shortcomings.
First, the number of participants in general, as well as the changes in participants over
the course of the meetings, was less than ideal. An additional problem, or perhaps the
cause of the first, was the Covid-19 outbreak, which prevented real face-to-face
interaction. Participants also felt that the lack of interaction limited the potential of
this study and its discussions.

In these examples, there is a strong social influence induced by serious games. All cases
show similar patterns: players are randomly assigned to groups at the beginning of the
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game, and cooperation develops as the game progresses. In this way, it seems that
interaction between players from different backgrounds (or different countries) can be
actively encouraged by the game. Being together in the same boat (‘game’) enables
a specific interaction that may be important for future real cases.

Serious games in relation to policy design

To assess political collaboration and trust processes, Onencan et al. (2018) devel-
oped a serious game for policymakers in the Nzoia River basin in Western Kenya
and conducted assessments before, during, and after the game. Due to trust issues,
the collaboration between the county governments in the Nzoia River basin on the
water resource management is severely limited. Against this background, the game
was designed to require communication and cooperation for sustainable river basin
management. However, the game design makes it difficult to achieve all the
objectives, as some of them may conflict in situations such as drought. Seven
game sessions were held, each played by different groups of five policymakers.
There was no co-design. For the evaluation, the authors used a modified version
of Evans and Revelle’s (2008) Propensity to Trust (PTS) scale with a total of 18
questions. The derived variables allowed them to measure three groups of con-
structs: trust (six variables), trustworthiness (eight variables), and the respondent’s
cooperative nature (four variables). The results of the assessment were analysed
using three methods of descriptive statistics. This case study of the Nzoia River
demonstrated the potential co-existence of competition and cooperation, as both
factors continued to increase. For the observed game session, the study concluded
that reduced uncertainty and complexity led to a decrease in mistrust, while
increased uncertainty and complexity increased trust. Onencan et al. (2018), sup-
ported by the findings of Gambetta (1988) and Luhmann (2000, 2017), argue that
trust is not necessary for decision-making when uncertainty and complexity are
low, as trust does not change the decision in this case.

In another setting, Fonseca-Cepeda et al. (2022) conducted a role-playing game workshop
in Colombia with people from the local palm oil and banana sectors, as well as the processing
industry and environmental protection agencies. They played the role of producers and
a water distributor. The authors analysed both hydrological and power relations in the
Aracataca River basin, where uniform irrigation practices have not yet been applied. As the
region is at risk of water shortage, the participants were asked to negotiate water-harvesting
permits, develop a watershed management plan and deal with severe drought. Over four
rounds, the participants developed institutional arrangements to organize water distribution;
however, illegal water harvesting continued and was not sanctioned, nor were those arrange-
ments improved. The results suggest that despite water shortage, the real problem is informal
power imbalances that hinder collective action. As such, the game reveals the root cause of
resource scarcity, facilitates the analysis of structural power asymmetries, and initiates
a process of establishing policy and sanctioning institutions.

Even if they are fuzzy, these examples have shown that the previous effects (learning and
interaction) are important in terms of policy design. Playing games with a focus on policy
design could help to identify specific friction points and useful aspects for subsequent
policies. It can also help re-evaluate already developed policies through such games.
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This brief overview of water-related serious games already shows that these games can
have different orientations and employ different approaches, such as chair circles, but
also board or computer games. However, according to the articles reviewed, these games
have often only been played or piloted once, rather than over an extended period of time.
In the following section, we will highlight the main findings we found, based on these
examples and other research.

Results

As the previous section has illustrated there is a wide variety of different approaches and
possible effects of water-related serious games. We now summarize our findings by
giving a general overview of the types of effects we found in our literature review. We
distinguish between the types of effects that were observed and described (by the study’s
authors) in the context of playing the serious game, and the potential effects that are
merely expected or claimed by the studies but have not yet been adequately analysed. We
analyse these effects alongside four types of effects, namely education, wickedness, policy,
and cooperation (see Figure 2). These types form categories that relate to the intended
goals of serious games as stated by the authors of the publications and help to structure
the analysis of outcomes.

Observed effects of serious games

Regarding the nature of the effects, in the described examples in particular, we
noticed the presentation of a correlation between playing these serious games and
possible resulting learning effects for the participants (e.g., Hummel et al.,, 2011).

Types of Effects Observed Effects Claimed Effects
Education Improvement of learning (in | Improvement of learning and / Transferability of match re-
terms of subject matter, but or common understanding sults to other cases / Adapta-
also in terms of social learn- (in terms of the topics and tion to new cases [1]
ing, such as actor roles and social aspects) [17]
relationships)
Wickedness Awareness of complexity, Improvement of Validity for a wide range of
uncertainty, urgency, and complexity and urgency actors [0]
conflict awareness and reflexivity [6]
Policy Improvement of decision- Improvement of strategic Effectiveness on decision-
making (assessment of differ- foresight[4] making [5]
ent scenarios and actions)
Cooperation Growth in relationships and Increase of interactions (over | Long-term impact on relation-
collaboration (perceived need the course of the game) [3] ships [3]
for cooperation)
Potential enhancement of
relationships and/or interac-
tions [6]

Figure 2. Types of effects of serious games and observed versus claimed effects, number in brackets
indicates the frequency in the 27 publications selected for qualitative analysis. Shades according to
frequency (green: more than half; orange: less than half; red: one or none of the publications
reviewed), suggesting a need for further research in most areas. Readers of the print article can
view the table in colour online at https://doi.org/10.1080/02508060.2025.2501511.
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Specifically, longer or subsequent sessions led to improved learning over time, so that
normal experimental learning of the scenarios played is possible (Hoekstra, 2012). This
experiential learning effect also included an improved understanding that aiming for the
‘very first’ solution is not always helpful, especially when there are many uncertainties
and impacts in the scenarios (Hoekstra, 2012). Other impacts related to this learning
effect are the participants’ ability to better understand complex issues in water govern-
ance (Hummel et al., 2011) and to gain a broad understanding of the given case,
especially regarding the potential impact of dynamics that are usually difficult to grasp
(Haasnoot et al., 2012). In this context, complexity is meant in terms of possible future
interactions (Hertzog et al., 2014) or a better understanding of the need to deal with
uncertainty (Buchholz et al., 2016; Van Pelt et al.,, 2015). Another effect is that partici-
pants gain an understanding of other factors, such as the interdependence of certain
stakeholders and their different choices (Goodspeed et al., 2020; Moore et al., 2011).
Finally, playing such games could also improve the understanding of certain power
relations between stakeholders (Fonseca-Cepeda et al., 2022).

A follow-up effect is the potential for decision-making, which would be one of the
most critical aspects of future policy-making. It has been shown that serious games can
improve decision-making (Bathke et al., 2019; Ordufia Alegria et al., 2020). They can be
used to evaluate policies for decision-makers (Valkering et al., 2013) and to ‘play’ with
different scenarios or even to evaluate ‘unexpected’ strategies (Hertzog et al., 2014) that
evolved over the course of the game. Onencan et al. (2016a, 2016b) have also shown that
serious games can improve strategic foresight in water-related disaster risk reduction. In
addition to content learning, there is also an effect on social learning, as was mentioned
in relation to changes in relationships or collaboration. While playing these games, it
could be found that relationships were formed or even that collaboration was improved
(Bathke et al., 2019; Jean et al., 2018). Serious games could help build optimism that
collaboration can work (Goodspeed et al., 2020), but this would also depend on the
outcome and post-evaluation of these games. Importantly, however, serious games can be
used as an ‘icebreaker’ to build relationships around key issues, particularly where there
has been no previous collaboration (Podébradska et al., 2020) or where different knowl-
edge bases have impeded it (Shrestha et al,, 2021). Trying to get future stakeholders
around the table to discuss real issues that currently affect them can be a barrier to having
a fruitful discussion at all, as they may not be keen to meet. Therefore, a more playful
approach can slowly move them in this direction, from discussing in a non-binding game
setting to discussing real cases (e.g., Douven et al., 2014). However, when we looked at the
examples of serious games from our literature base, we found that, in general, many
effects were mentioned, but the actual evidence that these effects were reproducible or
even related to the games was vague. Some effects were reported in the studies but could
also be related to the social interaction of the participants. For example, the longer the
participants interacted in the serious games, the more their interaction and collaboration
improved (Jean et al., 2018; Onencan et al., 2018). This strengthening of relationships is
a recurring theme in the literature. In this context, repeated workshops with the same
participants were also seen as a helpful approach, e.g., to improve mutual understanding
or the relevance of the case presented (Mayer et al., 2021). It is worth noting, however,
that most games have only been played in single playing sessions. Therefore, there is
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a lack of research on specific dynamics related to processes over time with multiple
sessions.

Claimed effects of serious games

Some of the effects that were mentioned (expected or claimed) but not yet evaluated or
observed are as follows: although the most frequently found type of effect was the
improvement of relationships and their link to better cooperation, there were no studies
on this effect over a longer period or on the effect in general (Podébradska et al., 2020). It
was even mentioned as a research gap that it would be necessary to re-examine this
observed effect of improved relationships after a certain period of time (Jean et al., 2018).
Furthermore, the authors noted that attempting to measure the potential effects of
a game or role play with the tools of the game itself would not be sufficient to truly
measure them (Hoekstra, 2012). Even the development of the serious games themselves
may require several iterations and adaptations with participants in order to be associated
with the effects mentioned, such as social learning (Magnuszewski et al., 2018). However,
we could only find a few games in our literature base that were co-designed with the
participants, e.g., Powell et al. (2021). Other authors saw time constraints due to project
frames as a major problem (Rodela et al., 2019).

Discussion

This review of serious games in the context of water governance covers a relatively
unexplored field with a small number of publications. Our findings are an initial
indication of this, rather than a comprehensive or generalizable assessment of their
effects. Nevertheless, these findings may prove valuable for further studies in this
field. Most publications focus on the use of games developed by the authors them-
selves. There are only a few reviews or survey articles in this research area of serious
games in water governance and policy (e.g., Forrest et al., 2022; Medema et al., 2016;
Mittal et al., 2022). We noticed that the papers on forecasting used scenario-based
serious games to deal with future uncertainty due to unforeseen future water devel-
opments (e.g., Hertzog et al., 2014; Valkering et al., 2013). In this way, the researchers
were able to gain potential insights into the decisions under uncertainty that will have
to be made in the future. However, in this context, there have been few examples of
serious games with a strong policy focus to address or manage issues, such as the
policy implications of water governance (e.g., Ghodsvali et al., 2022). In addition,
many publications tend to focus solely on describing their particular game, resulting
in a lack of comprehensive knowledge about the effects or implications of these
games. We identified two main challenges common to most studies: the representa-
tion of complexity and the inclusion of associated agents or stakeholders. Regarding
complexity, it is advisable to optimize functional complexity while minimizing com-
plexity that is irrelevant to understanding the problem (Westera et al., 2008). Overly
complex learning environments in serious games can hinder the learning process by
overwhelming the player, especially novices (Van der Spek et al., 2008). This is
particularly relevant for water-related issues, which tend to be highly complex and
therefore involve considerable scientific uncertainty (Ostrom et al., 2003). However,
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using a serious game for educational purposes may not accurately convey the
expected objectives, as each player may have a different understanding (Marc et al.,
2010). Therefore, the term ‘educational intentions’ is usually preferred to ‘educational
objectives’ (Alvarez, 2007). In order to communicate these intentions to the relevant
target group, we propose to address the second challenge related to stakeholder
involvement. Instead of involving only students or third-party participants as repre-
sentatives, it might be beneficial to involve stakeholders who have already experienced
these problems, or who are decision-makers and will have to face and manage them
in the future. Indeed, it has already been shown that involving real stakeholders
instead of (or in addition to) academic experts can lead to more consistent and robust
scenario outcomes (Reed et al., 2013), improve the acceptance of certain policies
(Keseru et al., 2021; Tori et al., 2023), promote understanding, and improve the
management of complex problems (Bammer, 2019).

Many of the serious games in our literature review were conducted with students and,
depending on the desired research, this could be seen as limiting the potential outcomes.
For example, students may have a more open perspective on issues, as they lack the
experience of people who have been working in a particular field for years. Therefore,
their views should always be compared with those of stakeholders who are more involved
in these areas and know the potential risks. In this context, it might be worth exploring
new ways of transferring knowledge to improve future management. Researchers con-
ducting serious games should focus on the goal of the serious game, for example, to
inform people about a particular complex problem or to try to solve a particular problem.
Both approaches could lead to different policy recommendations and may also require
different approaches (Voinov et al., 2018) and target groups (Zhao et al., 2013).
Depending on the research question, students or even younger people can serve as
important reference groups or can complement the study.

Apart from the selection of participants, we also noticed a lack of stakeholder
involvement in the design of these serious games. A co-design approach between
researchers and stakeholders could be beneficial to incorporate local perspectives and
knowledge and thus create a more realistic game setting. Involving stakeholders through-
out the design process is also a recommendable approach to improve the outcome of
a serious game (Bunt et al., 2024). Otherwise, complexity may be lost, which may of
course be a conscious decision by the researcher designing the game to simply have
a broader case. However, if a serious game does not involve the relevant stakeholders
(either in the design or in the play sessions) in an attempt to represent possible futures,
the potentially interesting insights will not be unearthed. This may be one reason why it is
still unclear whether water-related serious games can provide robust results and infor-
mation to improve, for example, future risk management.

Based on this analysis, we suggest that stakeholders should be kept in mind to sharpen
the case. Efforts should be made to ensure that serious games are closely linked to the
needs of potential stakeholders who will use them to improve their decision-making. One
option would be to conduct interviews with potential stakeholders and incorporate these
issues and risks highlighted by the participants into the game design. We expect that this
approach would result in a wider range of potential problems and solutions to be
discussed. Furthermore, a water problem is likely to be best solved together with the
people related to that ‘body of water’, especially as such conflicts are often intertwined
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(Brauner, 2024). For example, such as, in one of the cases mentioned, a conflict on the
border between Mexico and the United States of America involved participants from
both sides (Mayer et al., 2021).

In our review, we found that some claimed effects, such as improved understanding of
complexity or general learning, still lack empirical evidence. In particular, studies have
tended to be short term, and researchers have even mentioned the lack of long-term
research, which could be addressed by a collaborative approach (Jean et al., 2018). It was
not always clear whether the effects were due to the specific design of the game or to the
interaction between the players, particularly in terms of social learning and interaction.
A deeper understanding of the evaluated case could be achieved by letting certain
stakeholders, who are experts in their field, follow the whole design process of
a serious game. However, it is obvious that in most cases it is not easy to involve key
stakeholders in a given project, as they may be preoccupied with their busy schedules and
therefore compromises have to be made to complete the research. Therefore, we think it
is important to keep the idea of co-creation in mind at all stages and always try to involve
the stakeholders at least at the most important stages and otherwise do the best to match
the case with already published or similar information. The challenge is not only to
motivate participants but also to make them aware that the content of such serious games
can help to shape the future. In the best case scenario, gaming sessions with stakeholders
could lead to improved decision-making or cooperation in the future. This potential to
shape the future should be a pre-announced possibility of serious games by the research-
ers, perhaps as an incentive for stakeholders to participate. However, depending on the
situation, stakeholders may have conflicting perspectives or interests, which could under-
mine collaboration (Dentoni et al., 2018; Reed et al., 2018). It is important to remember
that future developments around water scarcity could lead to severe conflict, as illustrated
by the tense situations in some regions of Africa or arid Arab states, with the Grand
Ethiopian Renaissance Dam potentially affecting the Nile (Egypt) downstream being
a recent prime example (Matthews & Vivoda, 2023). Here we have seen in our body of
literature that in this case of conflict, serious games can help to facilitate the exchange, as
they can be used as a kind of icebreaker for the subsequent discussion.

Conclusion

Overall, this study suggests that the analysis of the effects of water governance serious
games on participants is still an open field for further research. In particular, if serious
games are to become more common, their use and potential effects should be explored,
including how different serious games might produce certain outcomes. To date, the
number of serious games, particularly in the field of water governance, is still manage-
able. This initial review has outlined some current use cases in the field of water
governance (Appendix A) and some effects that have been observed by the authors of
the studies (Appendix B), such as improving critical assessment of complex cases or
fostering relationships between even disagreeing individuals.

With regard to the wickedness dimension of research question 1, we found that some
studies explicitly emphasize a positive effect of serious games in reflecting complexity,
uncertainty, and conflict. This is particularly the case for understanding hidden policy
interactions and the diversity of possible future developments (i.e., Haasnoot et al., 2012;
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Hertzog et al., 2014). In terms of the types of effects identified in this review (question 2),
very different areas are captured by other research. However, there is little embedding of
individually observed effects of one gaming approach into others, and little externally
verifiable validation.

Many of the effects lack long-term analysis, so the observed effects may be temporary.
Furthermore, most of the authors cited do not evaluate the effects in terms of their actual
impact, nor do they relate their approaches to other games. One reason for this may be
the lack of similar measurement tools for these potential effects. We also noticed that
serious game researchers should pay more attention to the selection of participants. For
example, involving stakeholders related to the specific case may benefit certain serious
games, while others designed for a wider audience may not require such involvement. As
a result, the link between games and actual policy processes remains unclear. Finally, our
review has identified that a reflective approach would be beneficial in critically evaluating
the use of serious games, especially those that aim to improve knowledge, change player
behaviour or inform policies design. Therefore, it is suggested that researchers planning
serious games should ask themselves: first, for which topic (case, problem) do I want to
develop a serious game? Second, who might benefit from this serious game? Involving
potential beneficiaries already in the design of the serious game could be a valuable
approach. Third, what is a long-term goal for the development of this serious game, e.g.,
the relevance of its results or its potential impact on the participants?

This is also reflected in some of the recommendations we identified during the review,
which may be important when setting up a serious game: (A) considering the potential of
the game in relation to the objectives of the chosen water case; (B) playing with
stakeholders, rather than surrogates; (C) choosing a format appropriate to A and B;
and (D) running the game over multiple sessions to strengthen the long-term impact.

Although this literature review could provide some insights into the potential impact
of serious games on policy-or decision-making, it is important to note that it is only
exploratory and examines a limited part of this important topic. As we have focused on
water governance, it seems interesting to open up such a review to other topics or to
generalize it even more. Furthermore, only scientific publications were included that also
covered or described these serious games in significant detail. Other serious games in
a scientific or non-scientific contexts that have already led to noteworthy results would be
an enlightening extension for this review. In addition to including more case studies of
serious games, there is also the possibility of considering or comparing serious games on
other topics. Do they have similar approaches or are they different, especially if, for
example, these issues do not have a clear policy focus? The effects we found on our
dimensions of education, policy, wickedness, and cooperation are also possible areas for
more in-depth analysis, not only in terms of literature reviews by examining further
cases, but also in the possibility of conducting our own serious games or interviewing
serious game researchers about these concepts. By addressing their understanding of
these issues, even more insight could be gained that could improve serious game
approaches. Additional findings could be obtained by consulting the participants and
stakeholders involved in such serious games and assessing their experiences as well.

Finally, we conclude that serious games, especially when co-created by stakeholders,
could help to make complex, uncertain futures more tangible, as the cases are more likely
to have been considered in detail. However, more research is needed to fully understand
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the potential effects of these games. Therefore, it seems crucial to conduct long-term
research involving the selected stakeholders or participants.

Acknowledgements

We would like to express our gratitude to all those who assisted us in refining this manuscript. In
particular, we would like to acknowledge the suggestions of our supervisors, as well as the
participants of the ‘International Conference on Public Policy #6” in Toronto who joined our
presentation or reviewed our preprint. Their feedback enabled us to make improvements to
further enhance the quality of this work.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

The Ladenburg Research Network, a funding programme of the Daimler und Benz Stiftung
Foundation, provided funding for the ZuWaKo project [Grant no. 41-02/22] and this study.

Data availability statement

The authors confirm that all data analysed in this study are included in the published
article. The mentioned literature corpus from which the analysed studies were selected is
available on request from the corresponding author: s.brauner@fz-juelich.de.

ORCID

Simon Brauner (%) http://orcid.org/0009-0002-5571-2577
Janina Moschner () http://orcid.org/0009-0009-3301-7558
Anja Brumme (/%) http://orcid.org/0000-0002-7909-5000
Fabian Hoélzlberger (1) http://orcid.org/0009-0003-5087-5059

References

Abt, C. C. (1987). Serious games. University Press of America.

Ahmad, D. M., & Kam, J. (2024). Disparity between global drought hazard and awareness. Npj
Clean Water, 7(1), 75. https://doi.org/10.1038/s41545-024-00373-y

Albrecht, T. R., Varady, R. G., Zuniga-Teran, A. A., Gerlak, A. K., Routson De Grenade, R., Lutz-
Ley, A., Martin, F., Megdal, S. B., Meza, F., Ocampo Melgar, D., Pineda, N., Rojas, F.,
Taboada, R., & Willems, B. (2018). Unraveling transboundary water security in the arid
Americas. Water International, 43(8), 1075-1113. https://doi.org/10.1080/02508060.2018.
1541583

Alvarez, J. (2007). Du jeu vidéo au serious game: Approches culturelle, pragmatique et formelle
[Doctoral dissertation]. Toulouse 2. https://doi.org/10.13140/RG.2.1.2527.1767

Bake, A, Bliiggel, L., Dornberger, K., Schépp, C., Theobald, J., Tristram, M., Wesehloh, A. (2021).
Regenwasser als wertvolle Ressource. In A. Martini & M. Prytula (Eds.), Resilienz urbaner
Quartiere. (pp. 17-55). Studentische Forschung Urbane Zukunft (4), Fachhochschule
Potsdam. https://nbn-resolving.org/urn:nbn:de:kobv:525-25720


https://doi.org/10.1038/s41545-024-00373-y
https://doi.org/10.1080/02508060.2018.1541583
https://doi.org/10.1080/02508060.2018.1541583
https://doi.org/10.13140/RG.2.1.2527.1767
https://nbn-resolving.org/urn:nbn:de:kobv:525-25720

WATER INTERNATIONAL 815

Bammer, G. (2019). Key issues in co-creation with stakeholders when research problems are
complex. Evidence & Policy, 15(3), 423-435. https://doi.org/10.1332/174426419x15532579188099

Bathke, D. J., Haigh, T., Bernadt, T., Wall, N., Hill, H., & Carson, A. (2019). Using serious games to
facilitate collaborative water management planning under climate extremes. Journal of
Contemporary Water Research ¢ Education, 167(1), 50-67. https://doi.org/10.1111/j.1936-
704X.2019.03311.x

Bocchiola, D., Pelosi, M. G., & Soncini, A. (2017). Effects of hydrological changes on cooperation
in transnational catchments: The case of the Syr Darya. Water International, 42(7), 852-873.
https://doi.org/10.1080/02508060.2017.1376568

Brauner, S. (2024). Water conflicts: More than conflicts over distribution? Assessing conflict
structures with cases from Germany. Discover Water, 4(1), 96. https://doi.org/10.1007/s43832-
024-00156-z

Buchholz, M., Holst, G., & Musshoff, O. (2016). Irrigation water policy analysis using a business
simulation game. Water Resources Research, 52(10), 7980-7998. https://doi.org/10.1002/
2016WR018857

Bunt, L., Greeff, J., & Taylor, E. (2024). Enhancing serious game design: Expert-reviewed,
stakeholder-centered framework. JMIR Serious Games, 12, e48099. https://doi.org/10.2196/
48099

Chen, X., Wang, L., Cao, Q., Sun, J.,, Niu, Z., Yang, L., & Jiang, W. (2024). Response of global
agricultural productivity anomalies to drought stress in irrigated and rainfed agriculture. Science
China Earth Sciences, 67(11), 3579-3593. https://doi.org/10.1007/s11430-023-1328-2

Creighton, J. L. (2005). The public participation handbook: Making better decisions through citizen
involvement. Wiley.

Dentoni, D., Bitzer, V., & Schouten, G. (2018). Harnessing wicked problems in multi-stakeholder
partnerships. Journal of Business Ethics, 150, 333-356. https://doi.org/10.1007/s10551-018-
3858-6

Douven, W., Mul, M. L., Son, L., Bakker, N., Radosevich, G., & Hendriks, A. (2014). Games to
create awareness and design policies for transboundary cooperation in river basins: Lessons
from the Shariva game of the Mekong River Commission. Water Resources Management, 28(5),
1431-1447. https://doi.org/10.1007/s11269-014-0562-x

Evans, A. M., & Revelle, W. (2008). Survey and behavioral measurements of interpersonal trust.
Journal of Research in Personality, 42(6), 1585-1593. https://doi.org/10.1016/j.jrp.2008.07.011

Fonseca-Cepeda, V., Castillo-Brieva, D., Baquero-Bernal, L., Rodriguez, L. A., Steiner, E., &
Garcia-Ulloa, J. (2022). Magical realism for water governance under power asymmetries in
the Aracataca River Basin, Colombia. International Journal of the Commons, 16(1), 155-172.
https://doi.org/10.5334/ijc.1167

Forrest, S. A., Kubikovd, M., & Macha¢, J. (2022). Serious gaming in flood risk management.
WIREs Water, 9(4), €1589. https://doi.org/10.1002/wat2.1589

Furber, A., Medema, W., & Adamowski, J. (2018). Assessing the benefits of serious games to
support sustainable decision-making for transboundary watershed governance. Canadian
Water Resources Journal/Revue Canadienne Des Ressources Hydriques, 43(4), 401-415. https://
doi.org/10.1080/07011784.2018.1477628

Gambetta, D. (1988). Can we trust trust? In D. Gambetta (Ed.), Trust: Making and Breaking
Cooperative Relations (pp. 213-237).

GBI-Genios. (2023a). Search Term Wasserknappheit. GENIOS Research platform. Retrieved 25th
May 2023, from https://www.genios.de/searchResult/Alle?requestText=wasserknappheit®ion=
BundesrepubliktDeutschland&sort=BY_DATE&order=desc&resultListType=
DEFAULT &view=list

GBI-Genios. (2023b). Search Term Wassermangel. GENIOS Research platform. Retrieved 25th
May 2023, from https://www.genios.de/searchResult/Alle?requestText=wassermangel®ion=
Bundesrepublik+Deutschland&sort=BY_DATE&order=desc&resultListType=
DEFAULT &view=list


https://doi.org/10.1332/174426419x15532579188099
https://doi.org/10.1111/j.1936-704X.2019.03311.x
https://doi.org/10.1111/j.1936-704X.2019.03311.x
https://doi.org/10.1080/02508060.2017.1376568
https://doi.org/10.1080/02508060.2017.1376568
https://doi.org/10.1007/s43832-024-00156-z
https://doi.org/10.1007/s43832-024-00156-z
https://doi.org/10.1002/2016WR018857
https://doi.org/10.1002/2016WR018857
https://doi.org/10.2196/48099
https://doi.org/10.2196/48099
https://doi.org/10.1007/s11430-023-1328-2
https://doi.org/10.1007/s10551-018-3858-6
https://doi.org/10.1007/s10551-018-3858-6
https://doi.org/10.1007/s11269-014-0562-x
https://doi.org/10.1016/j.jrp.2008.07.011
https://doi.org/10.5334/ijc.1167
https://doi.org/10.5334/ijc.1167
https://doi.org/10.1002/wat2.1589
https://doi.org/10.1080/07011784.2018.1477628
https://doi.org/10.1080/07011784.2018.1477628
https://www.genios.de/searchResult/Alle?requestText=wasserknappheit%C2%AEion=Bundesrepublik%C2%B1Deutschland%26sort=BY_DATE%26order=desc%26resultListType=DEFAULT%26view=list
https://www.genios.de/searchResult/Alle?requestText=wasserknappheit%C2%AEion=Bundesrepublik%C2%B1Deutschland%26sort=BY_DATE%26order=desc%26resultListType=DEFAULT%26view=list
https://www.genios.de/searchResult/Alle?requestText=wasserknappheit%C2%AEion=Bundesrepublik%C2%B1Deutschland%26sort=BY_DATE%26order=desc%26resultListType=DEFAULT%26view=list
https://www.genios.de/searchResult/Alle?requestText=wasserknappheit%C2%AEion=Bundesrepublik%C2%B1Deutschland%26sort=BY_DATE%26order=desc%26resultListType=DEFAULT%26view=list
https://www.genios.de/searchResult/Alle?requestText=wasserknappheit%C2%AEion=Bundesrepublik%C2%B1Deutschland%26sort=BY_DATE%26order=desc%26resultListType=DEFAULT%26view=list
https://www.genios.de/searchResult/Alle?requestText=wasserknappheit%C2%AEion=Bundesrepublik%C2%B1Deutschland%26sort=BY_DATE%26order=desc%26resultListType=DEFAULT%26view=list

816 (&) S.BRAUNERET AL.

Ghodsvali, M., Dane, G., & de Vries, B. (2022). An online serious game for decision-making on
food-water—energy nexus policy. Sustainable Cities and Society, 87, 104220. https://doi.org/10.
1016/j.5¢s.2022.104220

Goodspeed, R., Babbitt, C., Briones, A. L., Pfleiderer, E., Lizundia, C., & Seifert, C. M. (2020).
Learning to manage common resources: Stakeholders playing a serious game see increased
interdependence in groundwater basin management. Water, 12(7), 1966. https://doi.org/10.
3390/w12071966

Haasnoot, M., Middelkoop, H., Offermans, A., Beek, E. V., & Deursen, W. P. A. V. (2012).
Exploring pathways for sustainable water management in river deltas in a changing
environment. Climatic Change, 115(3), 795-819. https://doi.org/10.1007/s10584-012-0444-2

Hardin, G. (1968). The Tragedy of the Commons. Science, 162(3859), 1243-1248. http://www.
jstor.org/stable/1724745

Head, B. W. (2022). The rise of ‘wicked problems’—Uncertainty, complexity and divergence. In
B. W. Head (Ed.), Wicked Problems in Public Policy: Understanding and Responding to Complex
Challenges (pp. 21-36). Springer International Publishing. https://doi.org/10.1007/978-3-030-
94580-0_2

Hertzog, T., Poussin, J.-C., Tangara, B., Kouriba, I., & Jamin, J.-Y. (2014). A role playing game to
address future water management issues in a large irrigated system: Experience from Mali.
Agricultural Water Management, 137, 1-14. https://doi.org/10.1016/j.agwat.2014.02.003

Hoekstra, A. Y. (2012). Computer-supported games and role plays in teaching water management.
Hydrol Earth Syst Sci, 16(8), 2985-2994. https://doi.org/10.5194/hess-16-2985-2012

Hummel, H. G. K., van HoucKke, J., Nadolski, R. J., van der Hiele, T., Kurvers, H., & Lohr, A. (2011).
Scripted collaboration in serious gaming for complex learning: Effects of multiple perspectives
when acquiring water management skills. British Journal of Educational Technology, 42(6),
1029-1041. https://doi.org/10.1111/j.1467-8535.2010.01122.x

Jean, S., Medema, W., Adamowski, J., Chew, C., Delaney, P., & Wals, A. (2018). Serious games as
a catalyst for boundary crossing, collaboration and knowledge co-creation in a watershed
governance context. Journal of Environmental Management, 223, 1010-1022. https://doi.org/
10.1016/j.jenvman.2018.05.021

Keseru, 1., Coosemans, T., & Macharis, C. (2021). Stakeholders’ preferences for the future of
transport in Europe: Participatory evaluation of scenarios combining scenario planning and the
multi-actor multi-criteria analysis. Futures, 127, 102690. https://doi.org/10.1016/j.futures.2020.
102690

Kirschke, S., & Kosow, H. (2022). Designing policy mixes for emerging wicked problems. The case
of pharmaceutical residues in freshwaters. Journal of Environmental Policy & Planning, 24(5),
486-497. https://doi.org/10.1080/1523908X.2021.1960808

Kosow, H., Brauner, S., Brumme, A., Hauser, W., Holzlberger, F., Moschner, J., Riibbelke, D.,
Vogele, S., & Weimer-Jehle, W. (2024). Uncharted water conflicts ahead: Mapping the scenario
space for Germany in the year 2050. Frontiers in Water, 6, 1492336. https://doi.org/10.3389/
frwa.2024.1492336

Luhmann, N. (2017). Trust and Power. H. Davis, ]. Raffan, & K. Rooney, Trans.; M. King &
C. Morgner, Eds. John Wiley & Sons.

Luhmann, N. (2000). Familiarity, confidence, trust: Problems and alternatives. In D. Gambetta
(Ed.), Trust: Making and breaking cooperative relations (electronic ed., pp. 94-107). Department
of Sociology, University of Oxford.

Madadgar, S., AghaKouchak, A., Farahmand, A., & Davis, S. J. (2017). Probabilistic estimates of
drought impacts on agricultural production. Geophysical Research Letters, 44(15), 7799-7807.
https://doi.org/10.1002/2017GL073606

Magnuszewski, P., Krélikowska, K., Koch, A., Pajak, M., Allen, C., Chraibi, V., Giri, A., Haak, D.,
Hart, N., Hellman, M., Pan, D., Rossman, N., Sendzimir, J., Sliwinski, M., Stefaniska, J.,
Taillieu, T., Weide, D. M., & Zlatar, I. (2018). Exploring the role of relational practices in
water governance using a game-based approach. Water, 10(3). https://doi.org/10.3390/
w10030346


https://doi.org/10.1016/j.scs.2022.104220
https://doi.org/10.1016/j.scs.2022.104220
https://doi.org/10.3390/w12071966
https://doi.org/10.3390/w12071966
https://doi.org/10.1007/s10584-012-0444-2
http://www.jstor.org/stable/1724745
http://www.jstor.org/stable/1724745
https://doi.org/10.1007/978-3-030-94580-0_2
https://doi.org/10.1007/978-3-030-94580-0_2
https://doi.org/10.1016/j.agwat.2014.02.003
https://doi.org/10.5194/hess-16-2985-2012
https://doi.org/10.1111/j.1467-8535.2010.01122.x
https://doi.org/10.1016/j.jenvman.2018.05.021
https://doi.org/10.1016/j.jenvman.2018.05.021
https://doi.org/10.1016/j.futures.2020.102690
https://doi.org/10.1016/j.futures.2020.102690
https://doi.org/10.1080/1523908X.2021.1960808
https://doi.org/10.3389/frwa.2024.1492336
https://doi.org/10.3389/frwa.2024.1492336
https://doi.org/10.1002/2017GL073606
https://doi.org/10.1002/2017GL073606
https://doi.org/10.3390/w10030346
https://doi.org/10.3390/w10030346

WATER INTERNATIONAL 817

Marc, C. L., Mathieu, J. P., Pallot, M., & Richir, S. (2010, June 21-23). Serious gaming: From
learning experience towards user experience. 2010 IEEE International Technology Management
Conference (ICE), https://ieeexplore.ieee.org/document/7477028

Matthews, R., & Vivoda, V. (2023). “Water Wars’: Strategic implications of the grand Ethiopian
Renaissance Dam. Conflict, Security & Development, 23(4), 333-366. https://doi.org/10.1080/
14678802.2023.2257137

Mayer, A., Heyman, J., Granados-Olivas, A., Hargrove, W., Sanderson, M., Martinez, E., Vazquez-
Galvez, A., & Alatorre-Cejudo, L. C. (2021). Investigating management of transboundary waters
through cooperation: A serious games case study of the Hueco Bolson Aquifer in Chihuahua,
Mexico and Texas, United States. Water, 13(15), 2001. https://doi.org/10.3390/w13152001

Medema, W., Adamowski, J., Orr, C., Furber, A., Wals, A., & Milot, N. (2017). Building
a foundation for knowledge co-creation in collaborative water governance: Dimensions of
stakeholder networks facilitated through bridging organizations. Water, 9(1), 60. https://doi.
0rg/10.3390/w9010060

Medema, W., Chew, C., Adamowski, J. F., Mayer, 1., & Wals, A. (2020). Understanding Game-
based Approaches for Improving Sustainable Water Governance: The Potential of Serious Games
to Solve Water Problems. MDPL. https://doi.org/10.3390/books978-3-03928-763-5

Medema, W., Furber, A., Adamowski, J., Zhou, Q., & Mayer, 1. (2016). Exploring the potential
impact of serious games on social learning and stakeholder collaborations for transboundary
watershed management of the St. Lawrence River Basin. Water, 8(5), 175. https://doi.org/10.
3390/w8050175

Medema, W., Wals, A., & Adamowski, J. (2014). Multi-loop social learning for sustainable land and
water governance: Towards a research agenda on the potential of virtual learning platforms. NJAS:
Wageningen Journal of Life Sciences, 69(1), 23-38. https://doi.org/10.1016/j.njas.2014.03.003

Mittal, A., Scholten, L., & Kapelan, Z. (2022). A review of serious games for urban water manage-
ment decisions: Current gaps and future research directions. Water Research, 215, 118217.
https://doi.org/10.1016/j.watres.2022.118217

Moore, G., Langforda, J., Ayrea, M., Learmonthb, G., Brizgac, S., & Wallisd, P. (2011). The
Murray-Darling Basin Game-A model to explore water allocation decisions. 19th international
congress on modelling and simulation. https://doi.org/10.36334/modsim.2011.E15.moore

Onencan, A., Kortmann, R., Kulei, F., & Enserin, B. (2016a). MAFURIKO: Design of Nzoia Basin
location based flood game. Procedia Engineering, 159, 133-140. https://doi.org/10.1016/j.
proeng.2016.08.138

Onencan, A. M., Enserink, B., & Van de Walle, B. (2018). A study of trust and cooperation in the
Nzoia River Basin using a water policy game. Sustainability, 10(12), 4678. https://doi.org/10.
3390/5u10124678

Onencan, A., Van de Walle, B., Enserink, B., Chelang’a, J., & Kulei, F. (2016b). WeSharelt Game:
strategic foresight for climate-change induced disaster risk reduction. Procedia Engineering, 159,
307-315. https://doi.org/10.1016/j.proeng.2016.08.185

Orduia Alegria, M. E., Schiitze, N., & Zipper, S. C. (2020). A serious board game to analyze
socio-ecological dynamics towards collaboration in agriculture. Sustainability, 12(13), 5301.
https://doi.org/10.3390/su12135301

Ostrom, E. (1990). Governing the commons: The evolution of institutions for collective action.
Cambridge University Press. https://doi.org/10.1017/CB0O9780511807763

Ostrom, E. (1993). Design principles in long-enduring irrigation institutions. Water Resources
Research, 29(7), 1907-1912. https://doi.org/10.1029/92WR02991

Ostrom, E,, Stern, P. C., & Dietz, T. (2003). Water rights in the commons. Water Resources Impact,
5(2), 9-12.

Podébradskd, M., Noel, M., Bathke, D. J., Haigh, T. R., & Hayes, M. J. (2020). Ready for drought?
A community resilience role-playing game. Water, 12(9), 2490. https://doi.org/10.3390/
w12092490

Powell, N., Do, T., Bachelder, S., Tattari, S., Koskiaho, J., Hjerppe, T., Viisénen, S.,
Gielczewski, M., Piniewski, M., & Ksiezniak, M. (2021). Rethinking decision support under
conditions of irreducible uncertainty: Co-designing a serious game to navigate Baltic Sea


https://ieeexplore.ieee.org/document/7477028
https://doi.org/10.1080/14678802.2023.2257137
https://doi.org/10.1080/14678802.2023.2257137
https://doi.org/10.3390/w13152001
https://doi.org/10.3390/w9010060
https://doi.org/10.3390/w9010060
https://doi.org/10.3390/books978-3-03928-763-5
https://doi.org/10.3390/w8050175
https://doi.org/10.3390/w8050175
https://doi.org/10.1016/j.njas.2014.03.003
https://doi.org/10.1016/j.watres.2022.118217
https://doi.org/10.1016/j.watres.2022.118217
https://doi.org/10.36334/modsim.2011.E15.moore
https://doi.org/10.1016/j.proeng.2016.08.138
https://doi.org/10.1016/j.proeng.2016.08.138
https://doi.org/10.3390/su10124678
https://doi.org/10.3390/su10124678
https://doi.org/10.1016/j.proeng.2016.08.185
https://doi.org/10.3390/su12135301
https://doi.org/10.3390/su12135301
https://doi.org/10.1017/CBO9780511807763
https://doi.org/10.1029/92WR02991
https://doi.org/10.3390/w12092490
https://doi.org/10.3390/w12092490

818 (&) S.BRAUNERET AL.

nutrient enrichment. Society & Natural Resources, 34(8), 1075-1092. https://doi.org/10.1080/
08941920.2021.1934930

Reed, M. S., Kenter, J., Bonn, A., Broad, K., Burt, T. P, Fazey, L. R, Fraser, E. D. G., Hubacek, K.,
Nainggolan, D., Quinn, C. H., Stringer, L. C., & Ravera, F. (2013). Participatory scenario
development for environmental management: A methodological framework illustrated with
experience from the UK uplands. Journal of Environmental Management, 128, 345-362. https://
doi.org/10.1016/j.jenvman.2013.05.016

Reed, M. S., Vella, S., Challies, E., de Vente, J., Frewer, L., Hohenwallner[JRies, D., Huber, T.,
Neumann, R. K., Oughton, E. A., Sidoli Del Ceno, J., & van Delden, H. (2018). A theory of
participation: What makes stakeholder and public engagement in environmental management
work? Restoration Ecology, 26(S1). https://doi.org/10.1111/rec.12541

Rodela, R., Ligtenberg, A., & Bosma, R. (2019). Conceptualizing serious games as a learning-based
intervention in the context of natural resources and environmental governance. Water, 11(2),
245. https://doi.org/10.3390/w11020245

Rother, E. T. (2007). Systematic literature review X narrative review. Acta paulista de enfermagem,
20, v-vi. https://doi.org/10.1590/50103-21002007000200001

Sarkis-Onofre, R., Catala-Lopez, F., Aromataris, E., & Lockwood, C. (2021). How to properly use
the PRISMA Statement. Systematic Reviews, 10(1), 117. https://doi.org/10.1186/s13643-021-
01671-z

Savic, D. A., Morley, M. S., & Khoury, M. (2016). Serious gaming for water systems planning and
management. Water, 8(10), 456. https://doi.org/10.3390/w8100456

Schelling, T. C. (1980). The strategy of conflict: With a new preface by the author. Harvard
University Press.

Sharafati, A., & Pezeshki, E. (2020). A strategy to assess the uncertainty of a climate change impact
on extreme hydrological events in the semi-arid Dehbar catchment in Iran. Theoretical and
Applied Climatology, 139(1), 389-402. https://doi.org/10.1007/500704-019-02979-6

Shrestha, M., Matheswaran, K., Polapanich, O.-U., Piman, T., & Krittasudthacheewa, C. (2021). A
stakeholder-centric tool for implementing water management strategies and enhancing water
cooperation (SDG 6.5) in the Lower Mekong Region. Water, Climate Change, and
Sustainability, 239-256. https://doi.org/10.1002/9781119564522.ch16

Toreti, A., Bavera, D., Aacosta, N. J., Acquarfresca, L., Azas, K., Barbosa, P., De, J. A., Ficchi, A.,
Fioravanti, G., & Grimaldi, S. (2024). Global Drought Overview September 2024. https://doi.org/
10.2760/7511271

Tori, S., Te Boveldt, G., & Keseru, I. (2023). Building scenarios for urban mobility in 2030: The
combination of cross-impact balance analysis with participatory stakeholder workshops.
Futures, 150, 103160. https://doi.org/10.1016/j.futures.2023.103160

Valkering, P., van der Brugge, R., Offermans, A., Haasnoot, M., & Vreugdenhil, H. (2013).
A perspective-based simulation game to explore future pathways of a water-society system
under climate change. Simulation & Gaming, 44(2-3), 366-390. https://doi.org/10.1177/
1046878112441693

Van der Spek, E., Wouters, P., & Van Oostendorp, H. (2008). Efficient learning in serious games: A
cognition-based design guidelines approach. In Conference Proceedings for the Association for
Educational Communications and Technology Conference, Orlando, Florida.

van Pelt, S. C., Haasnoot, M., Arts, B., Ludwig, F., Swart, R., & Biesbroek, R. (2015).
Communicating climate (change) uncertainties: Simulation games as boundary objects.
Environmental Science & Policy, 45, 41-52. https://doi.org/10.1016/j.envsci.2014.09.004

Vicente-Serrano, S. M., Pefia-Angulo, D., Begueria, S., Dominguez-Castro, F,
Tomas-Burguera, M., Noguera, I., Gimeno-Sotelo, L., & El Kenawy, A. (2022). Global drought
trends and future projections. Philosophical Transactions of the Royal Society A: Mathematical,
Physical and Engineering Sciences, 380(2238), 20210285. https://doi.org/10.1098/rsta.2021.0285

Voinov, A., Jenni, K., Gray, S., Kolagani, N., Glynn, P. D., Bommel, P., Prell, C., Zellner, M.,
Paolisso, M., Jordan, R,, Sterling, E., Schmitt Olabisi, L., Giabbanelli, P. J., Sun, Z., Le Page, C.,
Elsawah, S., BenDor, T. K., Hubacek, K., Laursen, B. K., & Smajgl, A. (2018). Tools and methods


https://doi.org/10.1080/08941920.2021.1934930
https://doi.org/10.1080/08941920.2021.1934930
https://doi.org/10.1016/j.jenvman.2013.05.016
https://doi.org/10.1016/j.jenvman.2013.05.016
https://doi.org/10.1111/rec.12541
https://doi.org/10.3390/w11020245
https://doi.org/10.1590/S0103-21002007000200001
https://doi.org/10.1186/s13643-021-01671-z
https://doi.org/10.1186/s13643-021-01671-z
https://doi.org/10.3390/w8100456
https://doi.org/10.1007/s00704-019-02979-6
https://doi.org/10.1002/9781119564522.ch16
https://doi.org/10.2760/7511271
https://doi.org/10.2760/7511271
https://doi.org/10.1016/j.futures.2023.103160
https://doi.org/10.1177/1046878112441693
https://doi.org/10.1177/1046878112441693
https://doi.org/10.1016/j.envsci.2014.09.004
https://doi.org/10.1098/rsta.2021.0285

WATER INTERNATIONAL 819

in participatory modeling: Selecting the right tool for the job. Environmental Modelling and
Software, 109, 232-255. https://doi.org/10.1016/j.envsoft.2018.08.028

Von Neumann, J., & Morgenstern, O. (1940). Theory of Games and Economic Behavior. Princeton
University Press.

Westera, W., Nadolski, R. J., Hummel, H. G., & Wopereis, I. G. (2008). Serious games for higher
education: A framework for reducing design complexity. Journal of Computer Assisted Learning,
24(5), 420-432. https://doi.org/10.1111/j.1365-2729.2008.00279.x

Wohlin, C., Kalinowski, M., Romero Felizardo, K., & Mendes, E. (2022). Successful combination of
database search and snowballing for identification of primary studies in systematic literature
studies. Information and Software Technology, 147, 106908. https://doi.org/10.1016/j.infsof.
2022.106908

Xu, H., Windsor, M., Muste, M., & Demir, L. (2020). A web-based decision support system for
collaborative mitigation of multiple water-related hazards using serious gaming. Journal of
Environmental Management, 255, 109887. https://doi.org/10.1016/j.jenvman.2019.109887

Zhao, L., Tian, L., Cai, T., Claggett, B., & Wei, L. J. (2013). Effectively selecting a target population
for a future comparative study. Journal of the American Statistical Association, 108(502),
527-539. https://doi.org/10.1080/01621459.2013.770705

Appendixes

Appendix A. List of selected publications for literature review

Reference;

open or closed  Serious Game

access (OA/CA) Type Players Target Group Effects

1 Bathke et al. ‘Invitational Representatives from governments to non- A,
(2019)* Drought governmental organizations, farmers, H

OA Tournament’ and academia plus facilitators
2 Buchholz et al. Business Farmers Farmers, Ex-ante policy impact B,
(2016) simulation political analysis of irrigation  C,
OA game, manage decision- policies F

a virtual cash- makers Reflect complexities
crop farm

3 Douvenetal. ‘Shariva game’ Interdisciplinary mid- Water and  Create awareness and A,
(2014) level professionals related design policies H

CA from lower Mekong
countries in roles of
real institutions

professionals Improve knowledge of
complex systems

Support cooperation

4 Fonseca- Interviews, board Farmers/producers and Local Facilitate long-term |
Cepeda game/role- processors, non- stakeholders development of
etal. (2022)* playing governmental institutional
OA workshops organization arrangements through
‘Upstream’ representatives in the balancing/reducing the
role of producers, and role of power
water distribution asymmetries
representative
5  Forrest et al. Review of 37 Players of flood risk Research and  Enhance governance- A,
(2022) games management game design based and holistic H
OA perspective, test

environment for
decision-makers,
increase engagement

(Continued)


https://doi.org/10.1016/j.envsoft.2018.08.028
https://doi.org/10.1111/j.1365-2729.2008.00279.x
https://doi.org/10.1016/j.infsof.2022.106908
https://doi.org/10.1016/j.infsof.2022.106908
https://doi.org/10.1016/j.jenvman.2019.109887
https://doi.org/10.1080/01621459.2013.770705

820 (&) S.BRAUNERETAL.

Reference;
open or closed
access (OA/CA)

Serious Game
Type

Players

Target Group

Effects

Furber et al.
(2018)
OA

Ghodsvali et al.
(2022)
OA

Goodspeed
et al. (2020)
OA

Hertzog et al.
(2014)
CA

Hoekstra
(2012)
OA

Hummel et al.
(2011)*
CA

Jean et al.
(2018)*
CA

Magnuszewski
et al. (2018)
OA

Mayer et al.
(2021)*
OA

Medema et al.
(2016)
OA

Interviews as
identification
for serious
games as
a viable
measure

‘SN.0.G.’

‘Groundwater
Management
Game’ is an in-
person role-
playing game

Role-playing
board game
‘FOWIS (Future
of Water in
Irrigated
Systems)’

Computer-
supported
‘River Basin
Game’ and
‘Globalization
of Water Role
Play’

‘Aquaculture’
online game
with scripted
collaboration

Informal, in-
person game
simulation
events with
‘Aqua
Republica’

‘Lords of the
Valley’ (LOV)
board game

Bi-national
multisector
serious games
workshop
(online)

Interviews as
assessment for
serious game
indication

Water resource managers

Food-water—energy
nexus community in
the role of decision-
makers in integrated
food-water—-energy
management

Students, citizens, and
professionals in
random stakeholder
roles

Broad target
group: public
and private
sector,
academia, and
local
stakeholders
(California)
groundwater
stakeholder

Decision-makers and local stakeholders in
the roles of family farmers, large-scale
investors, or the manager of the

irrigation scheme

Students in the role of
farmers respectively in
the role of
government officials
from different nations

Water management
students in the role of
project leader

Students, professionals and stakeholders of

watershed management

Citizens in roles of
inhabitants of a river
valley, government,
bank and non-
governmental
organizations

Students,
related
workplaces

Participants from two river riparian states,
municipal as well as industrial players

Students, youth, water
resource manager

Water resource

managers

Improve decision-making
through robust
solutions
Reach consensus in
complex and urgent
context situations

Test impact of decision-
making
Identify and indicate
key drivers of
integrated resource
management

Awareness of
interdependences of
common pool
resources
Learning and
cooperation

Understand future
consequences of
management and
strategies

Enhance systems thinking
Develop cooperative
action

Improve learning

Increase of cross-
boundary interactions
in quality and quantity
Improve stakeholders’
relationships

Present complexity of
environmental and
social interactions

Agree on a shared
problem
Understand the value
of and start bi-national
group decision-making
Evolve conversation
skills and social
learning

Social learning

(Continued)



WATER INTERNATIONAL 821
Reference; Serious Game Players Target Group Effects
open or closed Type
access (OA/CA)
16  Mittal et al. Review of 15 - (Decision- - -
(2022) serious games makers)
OA in the urban
water cycle
17  Moore et al. ‘UVa Bay Game’ - Farmers or Social learning, A,
(2011) as a base for regulators/ understanding the link C
OA further game government between humans and
design players of the ecosystem
a watershed
18 Onencan et al. ‘We Share It', Participants from the Policymakers  Improve strategic C
(2016a) a computer- Kenyan Ministry of affected by foresight under E
OA assisted board Water and Irrigation climate change uncertainty
game and Moi University
Centre for Public
Sector Reforms
19 Onencan et al. Mobile-phone - (Kenyan) Improve social learning -
(2016b) location-based citizens for joint action
OA game design
only
20 Onencanetal. ‘We Share It' Policymakers from Kenyan counties Increase trust for long- |
(2018)* term cooperation
OA
21 Orduia Alegria ‘MAHIZ’, board Researchers, farmers, Corn farmers  Identify decision-making A,
et al. (2020) game citizens with processes associations G
OA groundwater between social
withdrawal parameters
Enhance trust and
communication
22  Podébradskd  In-person role-  Students and - Encourages discussions A,
et al. (2020) playing game professionals from and collaborations F
OA ‘Ready for diverse water-related
Drought?’ backgrounds
23 Powell et al. Game co-design  Professionals from - Comprehension of wicked C
(2021) diverse water-related situations
OA backgrounds Foster self-organized
collaboration
24  Rodela et al. Review, iterative  Farmers - Enhance (social) learning A
(2019) rounds of the
OA 'ALEGAM’
project game
25 Shrestha et al. Web-based - Multi- Promote water -
(2021) platform stakeholder cooperation
CA ‘Supporting partnerships Understand future
Water implications of actions
Resources
Management
(SWARM)'
26 Valkering et al. Online game Water managers and - Explore future river E,
(2013) ‘Waas Pilot’ academics in the role management dynamics F
CA of water managers Enhance policy
development
27 Van Pelt et al.  Workshops with ~ Water managers, students, scientists Foster understanding and A,
(2015) the (indirectly) communication of C
CA ‘Sustainable complexity/uncertainty
Delta’
simulation
game

*QOutlined in the manuscript.



822 (&) S.BRAUNERETAL.
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