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Abstract 

The Magdalena-Cauca macrobasin covers 24% of the land area of Colombia, and is the basis for more than 
half of the country’s economic potential and a large proportion of its biodiversity. These conflicting 
demands have led to problems in the basin, including a dramatic fall in fish populations, flooding and 
habitat loss. Given the expected climate change and the fast economic growth happening in Colombia, 

these conflicts are expected to become more acute in the future. Studies have indicated institutional 
fragmentation and lack of access to decision support tools as among the main limiting factors of integrated 
management of the basin.  

Serious gaming has been suggested to help overcome these issues, focusing on creating a shared vision the 
basin, publicising decision support tools and bringing decision-makers together. This thesis aims to answer 
two questions: 1) what could such a game look like? and 2) what impact could it have on basin 
management? In addition, recommendations for and reflections on serious gaming are discussed. 

The game prototype developed was aimed at a target audience of high-level decision-makers, who would 
play the game in a facilitated workshop setting. The game itself is a basin-management strategy game 
played in teams over a 30-year period, involving the environmental, agriculture, hydropower and flood 
protection sectors. Players are led through a narrative during which they take decisions. The impacts of 
these decisions on the sectors mentioned are simulated by a simple WEAP model representing the 
Magdalena-Cauca basin and the players receive feedback. 

Regarding the game’s impact on basin management, it has proved popular in both inside and outside 
Colombia: it has been tested once in Bangkok and once in Delft, and will be used for national forum in 
Bogotá in September. SimBasin’s emotive and communicative appeal can be and is being used to raise the 
profile of basin management issues, to raise the profile of scientific organisations amongst decision makers, 
and as a catalyst for bringing stakeholders together. In other words, it can help to achieve the three 
objectives set out for it. 

However, the evidence for its success beyond being a publicity “hook” is not strong. There is evidence that 
players come away from the session with new ideas; however, in common with other serious gaming 
evaluations, little is known about whether this knowledge is transferred to players’ professional lives or 
results in a tangible organisational impact. Taking a broader outlook, this lack of evidence for organisational 
impacts afflicts most capacity building or organisational measures as their intended impacts are long-term 
and subject to numerous external factors. As such, although serious gaming is valuable it is difficult to say 
whether serious gaming is more or less effective than other traditional, “accepted” capacity building 
methods.  

Outputs: 

- Poster presentation. “Serious gaming: multiple actors, visions and decisions in the Magdalena-
Cauca basin”. Water, Climate and Basin Adaptation in Colombia Symposium. June 3rd, 2015. 
Bogotá, Colombia. 

- SimBasin game. Working basin management game, for use with WEAP open source water resource 
modelling software. Available under a Creative Commons Attribution-NonCommercial-ShareAlike 
4.0 International license. 

- MSc thesis.  

Future work: 

- Stakeholder forum using SimBasin. September 2015, Bogotá. 
- Journal paper. Planned for the future. 
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This thesis aims to determine the potential of serious gaming to improve basin 

management in the Magdalena-Cauca river basin. The introduction section develops 

the argument justifying the proposal of this approach and concretises the objectives 

and structure of the project. It draws on diagnostic studies of the issues in the basin, 

concepts from integrated river basin management and systems thinking to identify the 

gaps in the support available for integrated management and show how serious 

gaming can help fill these gaps. 

1.1. Current basin 
management 

The Magdalena-Cauca macrobasin covers 
24% of the land area of Colombia (Figure 1), 
and provides more than half of the country’s 
economic potential, including 70% of 
Colombia’s hydropower (SEI, 2015), 50% of 
freshwater fisheries and 70% of national 
agricultural production. 77% of Colombians 
live in the basin, and 50,000 families are 
dependent upon fish from the basin for their 
survival (TNC, 2014). 

The basin is also home a large proportion of 
Colombia’s biodiversity. The basin includes 
almost every type of Colombian ecosystem, 
from highland cloud forests to wetlands and 
coastal zones. The rivers are home to 229 
fish species, 109 of which are endemic and 
43 of which are endangered. The wetlands 
and lagoons are used as stopovers by 
migratory birds (TNC, 2014). 

These conflicting demands have led to 

CHAPTER 1  
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Figure 1: the Magdalena-Cauca macrobasin 

 [Source: MinAmbiente, 2015] 
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problems in the basin, including a dramatic fall in fish populations, additional flooding (such as the severe 
nationwide floods caused by the La Niña phenomenon in 2011), and habitat loss. Given the expected 
climate change and the fast economic growth happening in Colombia, these conflicts are expected to 

become more acute in the future (Great Rivers Partnership, 2015). 

The management of systems like these is a complex issue, termed a “wicked problem” in the systems 
management field. Wicked problems cannot be solved or optimised analytically due to multiple competing 
objectives, non-stationarity, interdependence and feedbacks. These types of decision environments can 
also be termed “naturalistic” decision environments, as opposed to “classical” decision environments 
where it is assumed that an optimal solution exists and that this can be found analytically. To illustrate, a 
“classical” or “tame” water management problem could theoretically solved optimally by one person using 
multi-criteria decision analysis methods; a “wicked” or “naturalistic” problem could not (Rittel & Webber, 
1973). 

One way to deal with wicked problems is to split them until the resulting pieces can be solved analytically. 
In water management, this translates as the creation of various agencies, which each solve a bounded 
problem with respect to its objectives and competencies: a hydropower company maximises profits, an 
environmental agency denies or permits new projects, or a municipality builds dikes to defend its citizens, 
each acting within the limits set for it by other agencies and the institutional framework in which they 
operate. The system is based on three assumptions: 1) that each agency optimises its particular issue well, 
2) that the complex interplay between the objectives and actions is represented by the institutional or 
market system connecting the agencies, and 3) that the resulting equilibrium will approximate the solution 
that society finds most desirable (Rittel & Webber, 1973). 

These assumptions do not necessarily hold, and the Magdalena-Cauca basin, like most large basins, is 
managed using this approach by multiple agencies through multiple policy instruments. However, this 
management approach has led to undesirable impacts both worldwide and in the Magdalena. 
Environmental degradation, inequitable distribution of resources, increased flood risk and water shortages 
are the realities resulting from basin mismanagement and water conflicts (Global Water Partnership, 2009). 

1.2. A new management strategy? 

The alternative to classic river basin management is to attempt a more integrated approach. Instead of 
breaking wicked problems down, stakeholder cooperation would be increased to iteratively formulate 
robust, synergetic and legitimised management strategies. This is an adaptive approach in which strategies 
are implemented, evaluated and modified continuously, focussing on low-risk pathways under various 
possible scenarios. The goal is not the best decision now, but the best pathway into the future (Global 
Water Partnership, 2009). 

The time is ripe. Worldwide, water conflicts are becoming ever more acute as demands from a growing and 
developing population clash with increasingly sparse and unreliable resources, caused by accumulated 
environmental degradation. Increasing focus on social equity, social and environmental issues add three 
sizable new dimensions to water management decisions. And climate change means that we are facing an 
extremely uncertain future, in which what worked yesterday may not work tomorrow.  

In the Magdalena-Cauca basin it is considered that the current ecological problems are rooted in 
institutional fragmentation and lack of access to decision-making tools, and the institutional structure in 
the basin is being reformed for a more integrated approach. The river basin organisation CorMagdalena 
was been formed, and a set of inter-ministerial agreements on cooperation are in process. In addition, 
when peace talks with the FARC in the Habana are completed, Colombia will find itself in a “post-conflict” 
situation, which could have severe environmental impacts as regions previously left untouched due to the 
danger of the armed conflict are legally or illegally developed (Gutiérrez Roa, 2015). This gives an additional 
impetus to strengthen the environmental sector in Colombia (TNC, 2015). 
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1.3. Decision support tools for a new strategy 

To deal with an increasingly sensitive, complex and uncertain problem, and capitalise on the progress 
already made, we need improved decision-making processes. Luckily for us, new technologies and changes 
in perception are emerging to enable this approach. Improvements in communication, transport and 
information-sharing make cooperation easier than ever before. Research into systems theory since the 
1940s has provided perspectives and methods for dealing with the emergent behaviours of complex 
systems. Increasingly dense measurement networks and advances in remote sensing are providing more 
data than we know what to do with. Computer simulations give us more and more detailed views further 
and further into the future. Communication, methodological, information and simulation support for 
decision-making has never been better. 

Sadly, however, human evolution cannot match this pace of change, and this information is not necessarily 
tailored to the needs of integrated decision-making. The amount of data available has increased; however, 
our capacity to retain and make sense of it has not, especially in cooperative scenarios where experts from 
different disciplines have to create a shared understanding of the situation. Secondly, our procedures for 
generating and presenting information are optimised for a world using classic decision making. Scientific 
reductionism focuses on what can be determined with a high degree of certainty, and neglects the links 
and feedbacks between these islands of knowledge (Popper, 1965). Our desire to base decisions on 
something solid leads us to prioritise an incomplete set of numeric, factual data over more conceptual 
information sources which may be more important. Thirdly, whilst computer simulations are producing 
increasingly accurate results, the models are complex to set up and time-consuming to run. For the 
simulations to be used for decision-making, non-experts have to be able to set scenarios and to support 
discussions and inform understanding, results have to be available quickly. 

In the attempt to distil useful knowledge, inform understanding of the interdependencies and complexities 
in the basin and make models more accessible, Decision Support Systems (DSSs) are being developed, 
which aim to present all the information and models available in one place, in a simplified way which 
facilitates learning, comparisons and discussion based on a single source. They typically consist of a 
knowledge base, database and model base connected to a user interface. The models may be hard-coupled 
(the user can configure and run the model) or soft-coupled (the DSS delivers pre-calculated results based 
on the scenario specified by the user) (Loucks, 2006). 

Such a DSS is being developed by TNC for the Magdalena, in an attempt to improve the environmental 
condition of the basin through improved water governance. However, the desire to provide information in 
a way that would support integrated decision making clashes with the fact that most decision in the basin 
are still made in the classic way, and the demand is for information to support this type of decision. 
Particularly, preliminary stakeholder workshops revealed that public agencies are keen that their individual 
competencies with regard to choice of indicators and so on are respected, which limits the freedom of the 
designers to adapt the system for integrated decision making. There is a preference for precise, numerical 
information, which limits the use of other understanding. Satisfying the demands of the users is of 
paramount importance, since in essence, a DSS project is not so much a software development project as 
an attempt to change the way many people view the basin and make decisions within it. This is ambitious, 
and if the DSS does not relate closely enough to current processes, it will simply not be used (as has 
happened to many DSS before) (Schanze & Sauer, 2007). Therefore, if the governance of the Magdalena-
Cauca basin is to be improved, the DSS must strike a balance between following current demands and 
providing a new, more integrated perspective on the basin (TNC, 2015). 
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1.4. Serious gaming as a complement to integrated 
decision support tools 

To achieve this balance, it is suggested that a complementary tool to the DSS be designed as a “serious 
game”. The fictional nature of the game would relax the requirement to provide information suitable for 
making “defensible” decisions, allowing it to focus on presenting the data in a communicative and 
interactive way, to give stakeholders a better intuitive understanding of the basin. It would provide a “quick 
and dirty” way to explore the behaviour of the basin under different scenarios and strategies. As such, it 
would be a tool offering limited, heavily aggregated indicators and quick simulation of options. Such games 
have previously been used successfully in various naturalistic decision making environments (Hays, 2005) 
(Hofstede, de Caluwé, & Peters, 2008). Since the main objective of TNC within this project is to raise 
awareness of the information tools available, it is important that these are illustrated in the game. In this 
way, the participant gains a picture of the types of information which are available and also the value of 
these sources for decision making. Another potential strength of the serious game would be that it could 
be used as a basis for workshops bringing different stakeholders together, therefore simulating an ideal 
IRBM decision-making environment. 

1.5. Project proposal 

To identify the potential impacts of this game, a conceptual prototype must be developed. The experience 
gained from developing the prototype serves to illustrate limiting factors to the game development; in 
addition, the prototype enables feedback to be gained from real workshops with real players, which is 
much more meaningful than collecting stakeholder opinions on a hypothetical game design.  

This thesis therefore aims to answer two questions. The first is: what would such a game look like? This 
considers design issues and trade-offs, the types of information available to feed the game, ways of 
providing an engaging player experience, and the practical implementation of this using the tools available. 
The second question is: what impacts could such a game have on the management of the basin? The game 
is evaluated firstly as a serious game, assessing the content and quality of the game, and secondly as a 
capacity building approach for better management, assessing player experience and learning. 

Summary 

The Magdalena-Cauca basin contains considerable ecological value but is subject to significant and 
growing anthropogenic pressure, which has led to conflicts and damage. It is considered that this 
conflict is caused by institutional factors. The political will for a more integrated decision making 
process is growing. To support this, organisations are producing decision support tools. However, as 
these include data specific enough for decision making for specific cases, their capacity as tools to 
communicate knowledge about the basin or bring stakeholders together is limited. 

Therefore, it is suggested that a serious game could serve as a complement to these tools, by relaxing 
the requirement for accuracy and completeness to provide a more emotive, cooperative and 
communicative experience. 

Such a game has been developed and tested with real players. This thesis discusses the game 
developed and reactions to it, answering two questions: 

1. What would such a game look like?  
2. What potential impacts could such a game have on the management of the basin? 
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The purpose of the Literature Review is to establish the evidence base for the serious 
gaming proposal developed in the Introduction. It should also identify key design 
factors affecting the success of the game, and concretise the game’s objectives, 
supporting the game development detailed in the Methodology and Results.  

First, the case for using serious gaming for decision making is analysed, drawing on 
theories and empirical evidence from published literature and a review of serious 
games in the water sector. Secondly, the individual case of the Magdalena-Cauca is 
examined, using consultant reports and the results of stakeholder workshops to 
identify requirements and available information. These are then drawn together to 
form concrete objectives for the game. 

In doing so, three questions will be answered: 

Q1:  How strong is the case for using serious gaming as a capacity building 
technique to improve governance of the Magdalena-Cauca basin? 

Q2:  Which are the key water governance issues and opportunities in the 
Magdalena-Cauca basin? 

Q3:  What will the objectives of the game be and what lessons have been learned for 
the game development? 

2.1. The case for using serious gaming for decision 
making 

This section reviews theories, frameworks, empirical evidence and existing games to establish the strength 
of the case for using serious games in basin management. 

 “Serious gaming” embraces a large number of very different games (board games, card games, roleplay 
games, video games and simulation games, to name a few) played for various objectives (teaching facts, 
training skills, raising awareness or motivation, or achieving social goals) by various people (students, 
professionals, or the general public). This review begins with a broad outlook at the theories of serious 
games, and ultimately focusses reviews on simulation games for professionals played to teach concepts and 
achieve cooperation in the water sector (Figure 2). 

CHAPTER 2  

Literature and background review 
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Figure 2: review strategy 

2.1.1. Serious gaming and decision making: a theoretical basis 

This section aims to characterise the water management decision-making environment and identify the 
support needs of this environment. Later, it will be shown how serious games can provide this support. 

Decision making in water management 
Decision making processes depend upon the environment the decision is taken in.  Saleemi (2011) 
identified three types of decision environment:  under certainty, under risk, and under uncertainty.  

Under certainty, appropriate analysis leads to the optimal solution. The information and analysis requires 
has a cost itself. However, in this type of environment, finding a deterministically “optimal” solution is still 
possible, even if it is expensive (Saleemi, 2011). 

Under risk we know the probabilities of different states occurring, but it is not known which will occur. 
Weighted average outcomes are usually used. A deterministic approach is judged by outcome alone. A 
probabilistic decision is judged by the amount of risk it carries. (Arsham, 2015). However, this approach 
provides good results only over a long time period and should not be used in situations where risk should 
be avoided  (Saleemi, 2011). 

Under complete uncertainty no information is available on the state of nature; in this case the decision 
depends purely on the decision maker’s personality type, or various heuristics such as pattern recognition 
or substitution (often unconscious) of an easier decision, as studies have shown. An example of this is an 
investor buying shares in a car company because he likes the cars they make. The real decision there is to 
decide whether the shares are currently under-priced; if they are, he should invest regardless of whether 
he likes the cars. However, this is a more difficult judgement to make, and so his brain subconsciously 
substitutes the easier judgement “Do I like these cars?” (Kahneman, 2011). 

Another classification of environments is into classical (CDM) and naturalistic (NDM) decision-making 
environments. 

2.1.1. Theoretical basis 

2.1.2. Empirical evidence  

2.1.3. Reviews of individual games 

Extent of review Subset of games 

Games 

Serious games 

Cooperation / 
communication 

Simulation 
strategy games 

In water 
management 

For 
professionals For others 

In other sectors 

Other games 

Skill training 
games 

Just for fun 
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CDM assumes that the decision maker is a “rational” economic agent. It assumes they have complete and 
reliable information and want to find an optimal solution. CDM is used for unfamiliar situations and well-
defined problems  (Human Factors Integration Technology Centre, 2007). 

The NDM model has existed since the mid-80s. It is used to understand human behaviour in settings 
characterised by ill-defined tasks, significant consequences and experienced decision makers, multiple 
players, shifting goals, competing goals, organisational goals and norms, and uncertainty/ambiguity (Klein & 
Klinger, 1991). Factors making decisions difficult and common to naturalistic settings are: ill-structured 
problems; uncertain dynamic environments; shifting, ill-defined or competing goals; action/feedback loops; 
time stress; high stakes; multiple players; organisational goals and norms (Human Factors Integration 
Technology Centre, 2007). Evaluating decisions in naturalistic settings is difficult since outcomes are 
generally only loosely coupled to the decisions themselves. NDM looks at how systems fail to support 
individuals: “Bad outcomes are thus caused not by the failure of individuals but by the failure of systems” 
(Lipshitz, 1997) (Human Factors Integration Technology Centre, 2007). 

Where does this leave water management? Water management was previously dominated by classical 
decision making: cost-benefit analysis, multi-criteria decision analysis, design against demand or supply, 
and so on. Decisions were taken based on “bounded rationality”: division of the problem into sub-problems 
which are processable by an individual person or organisation (Human Factors Integration Technology 
Centre, 2007).  

However, the water management decision environment involves both uncertainty and risk, and even so, 
decisions need to be robust enough to incorporate different future scenarios as well as competing river 
functions and stakeholder worldviews (Middelkoop, van Asselt, van't Klooster, van Deursen, Kwadijk, & 
Buiteveld, 2004). Therefore, the classical approach has been questioned due to the multiple actors and 
objectives, feedbacks and uncertainties involved. Water management is a “wicked” problem as discussed 
earlier, or a naturalistic decision setting.  

Acknowledging this, new approaches such as Integrated Water Resources Management (IWRM), Integrated 
River Basin Management (IRBM) and Adaptive Management (AM) have emerged. Whilst having slightly 
different foci and methodologies, these approaches share the same general principles: 

- Increased stakeholder participation 
- Monitoring, evaluation and adaptation of implemented policies 
- Coordination of institutions 
- Use of river basin as spatial decision-making region (Medema, McIntosh, & Jeffrey, 2008) 

These approaches are widely accepted as the way forward for water management, as they appear to cure 
many ills of the water management sector: competing institutions, lack of information sharing and lack of 
participation (Medema, McIntosh, & Jeffrey, 2008) (van der Zaag, 2005). The focus is on process rather 
than output; the assumption being that a well-designed process will necessarily efficiently produce well-
designed outputs. This paradigm is already gaining traction in engineering and business: if one wants to 
produce cars, one should design a process from which cars emerge, rather than design a car. If the process 
is well-designed, it will automatically incorporate external changes into the design of the car, which a fixed 
design would not. This has also been called a reflexive or “learning” organisation: a well-designed 
institution which produces what it is intended to produce under a variety of circumstances. An important 
feature of a “learning organisation” is that the individuals comprising it have a “shared vision” of purpose 
and context (Senge, 2006).  

However, managing river basins is significantly more complex and vaguely defined than building cars ( (van 
der Zaag, 2005) describes it as “elusive and fuzzy”), and the new water management approaches have been 
criticised for being attractive in theory and unsuccessful in practice (Medema, McIntosh, & Jeffrey, 2008). 
Studies of these failures tend to highlight “capacity building” as a way of improving implementation. 
Although not always made explicit, this refers both to teaching and training individuals, creating a “shared 
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vision”, and to building institutional capacity through designing “learning” water institutions and inter-
institutional cooperation. Strong evidence exists that humans are not rational decision makers and that 
both our individual and collective decisions are strongly influenced and biased by context, culture, and 
other external factors, as well as by the heuristics we use in decision making  (Kahneman, 2011). Therefore, 
by changing the environments we make decisions in and our view of these decisions, we can make a 
substantial change in the decisions which are taken. 

Surprisingly few recommendations are given for what the goals of this “capacity building” might be and 
how they might be achieved. Given the goals of integrated approaches (lack of coordination, adaptiveness 
and information sharing), the goals for capacity building individuals are implied to be increased sensitivity 
to other viewpoints; a shared vision of context and purpose; inclination to work with other organisations; a 
focus on process and not product; and an appreciation of uncertainty. For organisations, these would be: 
reflexiveness; adaptiveness; openness to participation. Ways of achieving this include workshops, 
knowledge databases, and network building (Global Water Partnership, 2013). 

Workshops are important in both knowledge sharing and network building, and are the starting point for 
many capacity building programmes. A workshop generally aims to bring people together and to teach 
certain skills or knowledge. However, since workshops are generally short and involve busy people with 
little time on their hands, it is vital to use an impactful methodology. 

Serious games for decision making 
“Serious gaming” is becoming more popular as an educational tool, taking advantage of the appeal of 
games and information technology advances which enable more complex games to be constructed than a 
traditional board or card game. A serious game is essentially a game which is played not for fun but to 
serve a serious purpose (Arnab, et al., 2015). This requires the game to be to be played in an environment 
designed for learning. In a learning environment, a “non-serious” game can provide education; conversely, 
a “serious” game played without sufficient support and facilitation will not teach participants anything 
(Wagner & Wernbacher, 2013). For example, Leutner (1993) looked into the role that instructor support 
played during a farming simulation game, finding that solo learners could play the game, but that they 
learned a minimal amount compared to learners given background information and interpretation through 
an instructor. 

Why should we be using educational approach to improve decision making? It is untenable to argue that a 
half-day serious gaming session could teach something that years of formal education and professional 
experience could not. However, creating a “learning organisation” which makes well-balanced, inclusive, 
participative and legitimised decisions requires participants to learn together and form a shared vision of 
the problem and possible solutions (Senge, 2006).  

This group learning is the appeal of serious gaming for the water sector. The “fun factor” makes serious 
games more appealing than traditional workshops; they provide a low-risk simulation environment, 
encouraging innovation; and they provide a fictional, low-pressure environment for discussion.  

There are various theories of how learning within games is achieved. Some argue that since humans are 
designed for “learning through play”, as we do as children, serious games provide a more “natural” learning 
experience (Hofstede, de Caluwé, & Peters, 2008). Another theory is that gameplay makes us create a 
second “persona” which represents us in the game; this persona is free to explore new knowledge and 
ways of thinking which our real persona is restricted from exploring by emotional factors or responsibilities, 
but the experience gained is ultimately transferred to the real persona (Wagner & Wernbacher, 2013). Still 
others argue that the “fun” component of games motivates players to spend longer with the material than 
they otherwise would, therefore learning more (Simons, 1993) or that they can attain a “flow” state, where 
they are completely engaged with the material (Csikszentmihalyi, 1990). Another framework for looking at 
serious games is the “Serious Game Mechanics” approach proposed by (Lim, et al., 2012), where Learning 
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Mechanics are mapped to Game Mechanics: in other words, certain components of the game represent 
learning outcomes.  

Hofstede, de Caluwé, & Peters (2008) asked a large number of serious gaming practitioners to put their 
thoughts about why serious gaming works in essays, and wrote a paper synthesising the results. They 
suggest that serious games have four key strengths: 1) the integration of cognition, emotion and action, 2) 
the strong reproduction of social life, 3) the multiplicity of rules and 4) learning about organizational life 
and change in a safe environment where innovation does not incur real-world risk.  

They argue that since we live in a time of increasing specialisation, serious games are useful in that they 
require synthesis of cognition, emotion and action. Players must integrate the judgement of facts, the 
judgement of what is desirable, and the judgement of what to do (Vickers, 1965). The reproduction of 
social life is important as humans are primarily social creatures; we are hard-wired to form groups with a 
common purpose. That is what serious games allow us to do, and so it is argued that serious games 
connect with us on a deeper, more primal level than other learning methods. The “multiplicity of rules” 
refers to the fact that although the game has a clear infrastructure of rules, each time it is played a new 
story will unfold through the interpersonal interaction that happens during the game, which is specified by 
unwritten cultural rules. This simulates the way decisions are made in institutions. Finally, they assert that 
games are ideal for learning about organizational life and change since they recreate the organizational 
structure. 

Certain factors have been identified as important for achieving this theoretical potential. For learning, the 
player must be an active participant, they must learn from the contextual information provided, and they 
must be motivated. To achieve this “flow” state, players require an activity that challenges their skills, clear 
goals and feedback, and an illusion of control (Csikszentmihalyi, 1990). Serious games should provide 
feedback on player decisions faster than in real life (Human Factors Integration Technology Centre, 2007). 
Emotion is important in risk or uncertain decision making because it allows us to decide what is morally 
acceptable and what is not. Some things are just “no-go” even if they optimise costs and benefits (Arsham, 
2015). They should provide a simplification of reality, where some rules are known a priori and others are 
discovered during the game (Morris & Holman, 1976). 

However, games can also fail for a variety of reasons. Negative emotions can inhibit learning and 
cooperation, badly designed games are not enjoyable or representative of the real world, unwritten 
cultural rules can mean the game does not work across cultures, inadequate facilitation may undermine 
the game, debriefing needs to be suitable, and if the game is too much fun participants may not learn 
anything. To ensure participants go home with the right message, the knowledge to be gained needs to be 
explicit from the beginning. Since learning depends on social and emotional aspects as well as the 
knowledge presented, and since one cannot control exactly the outcomes of a game, there is a real 
possibility that participants will not learn what is intended: they may learn something else or nothing at all 
(Hays, 2005) (Hofstede, de Caluwé, & Peters, 2008). The fundamental difficulty with serious game design is 
that the requirement to be “serious” (informative, instructional) is often in conflict with the requirement to 
produce a “game” (engaging and appealing). Serious game design essentially involves using certain game 
mechanics components for instruction; this limits the freedom the designer has to make the game fun (Lim, 
et al., 2012). 

2.1.2. Instructional and cooperation games: evidence 
The previous section outlined the theoretical case for using serious games. Here, empirical evidence for 
their effectiveness is discussed. 

Serious games have found enthusiastic supporters in a wide variety of fields. Although practitioners agree 
the games work, the evidence is mixed regarding whether or not serious games are more effective than 
other training methods. If they are, it is unclear why (v. d. Hulst & Ruijsendaal, 2012) (Hays, 2005)  
(Hofstede, de Caluwé, & Peters, 2008).  
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Establishing the usefulness of serious games is not easy. Firstly, a large degree of prejudice exists on both 
sides of the debate: the term “serious gaming” has become a buzzword, and created a bandwagon effect 
(Hofstede, de Caluwé, & Peters, 2008), and on the other hand, many people associate games with 
frivolousness and childishness and do not take the field seriously (Sutton-Smith, 1997). Many articles on 
serious games are opinion pieces, generally by enthusiasts (Hays, 2005). Secondly, the field is very 
fragmented, across different regions, disciplines, and institutions, which has impeded the formation of a 
“science of game-based learning” where competing theories and methods could be discussed (De Gloria, 
Bellotti, & Berta, 2012). Thirdly, since the SG community is largely practice-based, practitioners are 
generally more interested in building and using games than the rigorous study of their impacts (Hofstede, 
de Caluwé, & Peters, 2008). And fourthly, no standard methodology or theory exists for evaluating the 
long-term impact of the gaming session, due to the long-term nature of the intended impacts and the 
many confounding factors (Mayer, et al., 2014). 

In spite of these difficulties, considerable numbers of evaluations are being produced. However, these tend 
to have important weaknesses, caused by a lack of theories to base hypotheses and testing on, models for 
testing causal relations, validated questionnaires and scales and research designs  (Mayer, et al., 2014). The 
research available in the SG field is largely based on instructional games: games or simulations intended to 
teach specific facts or train specific skills. However, another potential strength of serious gaming, and one 
which is an important part of the current study, is the use of the game to facilitate certain social situations: 
in this case, to get water stakeholders around the same table. 

Hays (2005) performed an extensive review of evaluation studies aimed at determining the usefulness of 
pedagogical games, documenting 105 articles on instructional gaming (26 review articles, 31 theoretical 
articles and 48 empirical articles). The review included games intended for both students and professionals. 
He found that the research available was of poor quality. However, he concludes that although some 
games can provide effective learning, this is not always the case, and there is no evidence to support the 
case that games are a preferable instructional technique in all cases. The importance of debriefing, 
feedback and support during the game were also highlighted. 

The most similar games to the present game in his review were “management and business games”; for 
many he found no data on their effectiveness. However, he did find some examples of successful learning, 
including an interesting example of a gaming approach to minimising absenteeism and tardiness which 
failed to have an impact on those areas, but none the less provided a significant improvement in employee 
cooperation and attitude (Carlson & Hill, 1982). This is interesting since one of the present objectives is to 
improve cooperation. 

Pierfy’s review article concluded that although “in terms of fostering student learning, simulation games 
are no more effective than conventional classroom instruction”, some evidence did exist that gaming 
improved knowledge retention Pierfy (1977).  

Greenblat (1981) listed the claims made about serious gaming and evaluated the evidence in support of 
each claim. She found little hard evidence to prove that instructional games are more effective than other 
methods. There strongest support was for the claim that games improve motivation, though this was 
mainly anecdotal. Some evidence indicated that cognitive learning and attitude changes were improved, 
though attitudes were sometimes made worse. There was very little evidence to support general affective 
changes, changes in classroom relations or in later coursework. 

Dorn (1989) found that although games do create interest and motivation in learners, the motivation to 
play the game does not necessarily translate into greater interest in the content. He concluded that games 
appeared as effective as other techniques for teaching facts and concepts. When games were used to 
affect attitudes, the evidence he found was very mixed, with some games being shown to have the desired 
impact on attitudes but others affecting attitudes in the wrong direction. 
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Randel, Morris, Wetzel, & Whitehill (1992) found that 38 of the 68 studies reviewed showed no benefit of 
games, 22 favoured games and 3 favoured other methods. They consistently found that games were found 
more interesting. They point out that the measures used to evaluate the game should closely follow its 
objectives. Often the evaluation methodologies are suspect, neglecting to consider teacher bias, selection 
effects and time differences. 

Caftori (1994) found that users do not always use the game the way the developer intended, or that they 
“cheat” the game. Wolfe (1997) reviewed strategic management games and concluded games were more 
effective than case studies for teaching business management.  

One of the claims made for simulation game is that if learners are given freedom to explore an 
environment and discover information for themselves they will learn more. However, de Jong & Joolingen 
(1998) found no evidence to support this. Egenfeldt-Nielsen (2003) found no evidence that games are 
better than other methods. 

In conclusion, serious games have been used for similar purposes (instruction and for cooperation), with 
varying degrees of success. Although there are various methodological problems with many of the studies 
on serious gaming, on balance the evidence shows that serious gaming is as effective as other instructional 
methods, but not necessarily more (Hays, 2005). However, games have been used to facilitate cooperative 
decision making in a large number of contexts in the water sector. The games have a wide variety of 
objectives, formats, content and game mechanics (v. d. Hulst & Ruijsendaal, 2012). 

However, many serious games are designed for students, who are essentially a captive audience. A possible 
further advantage of serious games over traditional methods is that professionals who could not be 
persuaded to study a textbook could be persuaded to play a serious game, either out of curiosity to try 
something new, for the fun provided by the game, or because of the drama of a game-playing event. An 
aim of the present project is for the game to provide an opportunity to bring stakeholders together who 
would not normally sit around the same table. 

2.1.3. Existing water management simulation games: review 
Other games have already been implemented in the water sector, and a selection is given below. They 
range from very simple model interfaces which aim to give clear answers about the role of specific policies 
to very complex simulations involving myriad factors and alternatives.  

These games were classified using a framework adapted from that developed by the FLOODSite project to 
classify DSSs and simulation games (Table 1). Appendix A contains detailed information on the games. 

Table 1: classification of games reviewed 
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Format Computer              

Table              

Complexity High              

Medium              

Low              

System boundary Environmental impacts              

2nd order impacts              
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Context Individual              

Workshop              

Aims Discussion support              

Education              

Raising awareness              

Audience Public              

Stakeholder              

Visualisation 3D              

Maps              

Datasheets              

Narrative Linear              

Sandbox              

Architecture Soft-coupled (uses results)              

Hard-coupled (live model)              

No connection to model              

Uncertainty Yes              

No              

Temporal scale >10 years              

<10 years              

External change Yes              

No              

Application Surpassed objective              

Met objective              

Did not meet objective              

Unknown              

Various conclusions were drawn from this review. It agrees with the literature review, showing that there is 
experience in the water sector with serious games, with a very wide range of objectives and formats, some 
of which have been vastly more successful than others. An important factors related to the success of the 
game appear to be the involvement of stakeholders in its development (Schanze & Sauer, 2007). 

The table shows two gaps in the games reviewed: firstly, there are very few which explicitly deal with 
uncertainty; and secondly, that information is frequently unavailable on whether the game was actually 
used for its intended purpose. Many of the decision support systems included in Schanze & Sauer’s 2007 
review were not finally applied as intended, and the same may be true for the serious games. Therefore, it 
is important to explore whether uncertainty can be dealt with within the game and to properly evaluate 
and document the experience using it. The games reviewed indicate certain design choices which should 
be made during the design of the game, which were used to structure the outline design of the game.  
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2.2. Decision-making in the Magdalena-Cauca basin 

To determine the requirements for the Magdalena-Cauca basin, water governance in Colombia in general 
and the basin in particular was studied to identify gaps and prioritise those where the potential impact of 
the serious game could be high, resulting in a set of objectives for the game. The problems were identified 
firstly using studies of the Colombian water sector and secondly using insights gained from stakeholder 
workshops in the Magdalena-Cauca basin. The information available was also reviewed to determine which 
pieces would be most useful for the game. 

2.2.1. Governance issues in Colombia and the Magdalena-Cauca basin 

Literature review 

The first study reviewed was carried out by the Dutch Water Governance Centre (DWC) in 2013. This drew 
on an 18-month dialogue process including hundreds of actors. This dialogue found a multitude of 
problems, which were prioritised using a combination of the OECD gap analysis approach and WGC’s three 
layer model (separating content, institutions, and culture).  

Defining the Colombian water governance structure was the first goal of the study (Figure 3). National 
water laws come from the central government; these are executed by the 33 CARs (autonomous regional 
corporations) through permits, rates and taxes. Subregions (departments) have little influence on water 
policy. 

 

The study then went on to look at gaps in the three WGC “layers” (content, institutions and relations 
(culture, communication and participation). In the content layer, it was found that sufficient knowledge and 
information exists for effective governance, but it is not always available to those who need it. In the 
institutional and relational layers, the main issue was non-implementation of and non-compliance with 
water policies, caused by a lack of long-term, realistic policies, coordination, regional and local scale 
capacity, financing, and cooperation and information sharing. An additional challenge was to create a sense 
of urgency around water issues, which are currently eclipsed by Colombia’s ongoing peace negotiations 
(Willems, 2013). 

Another review carried out by the Great Rivers Partnership considered that the main limiting factors to 
sustainable management of the basin are institutional fragmentation, low governance and lack of access to 
decision making tools. Such tools exist; however, the challenge lies in making them accessible to policy 
makers (Great Rivers Partnership, 2015).  

Figure 3: water governance structure in Colombia [source: DWC, 2013] 
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Stakeholder workshops 

To determine the requirements for the DSS being developed by TNC, an online questionnaire and two 
rounds of workshops were used: one round to determine planning challenges in Colombia and one 
specifically to gauge and stimulate interest in the project, identify which institutions would be able to 
support it and understand stakeholder requirements. These workshops along with internal consultation 
within TNC formed the basis for formalising the design specification for the game. The workshops involved 
many high-level stakeholders from the Colombian water sector. The institutions involved are listed in 
Appendix B. 

Various current issues with environmental information were revealed during the workshops. At the 
moment, regulation of the environmental information system is unclear. IDEAM is the institution 
responsible for defining environmental indicators and baselines. However, these are not legitimised by use 
in the processes of other organisations, who each define their own methodologies and indicators, creating 
interoperability problems and duplication. Other entities ask IDEAM for all kinds of information including 
conceptual information, and advice on methodologies for environmental assessment. If this were available 
online, time would be saved. The hydrological measurement network in the basin is good compared to 
other countries but not sufficient, and IDEAM is trying to improve it. 

The response to the proposal of the DSS as a solution to these issues was positive, with 93% of 
questionnaire respondents willing to give time to the project. The system comes at an opportune time. An 
agreement on inter-ministerial cooperation is in progress and a river basin organisation for the Magdalena 
(CorMagdalena) has been set up to promote integrated management of the basin. CorMagdalena is aiming 
to standardise the management methodologies used in the basin into a new, basin-scale methodology. 
TNC´s objective in developing the system is to put public institutions in a stronger position by improving 
access to information and allowing evaluation of the cumulative impacts of whole portfolios of projects. 

Many uses were suggested for the system, ranging from specific decisions such as environmental licensing, 
optimising the allocation of environmental compensation resources and allocating water resources in times 
of shortage to long-term strategy evaluation considering various projects under different climate change 
and development scenarios. Interest was expressed in using the tool to achieve multi-objective, integrated 
decision making, to avoid duplication, to facilitate coordination and for capacity building. 

Questionnaire respondents were asked which topics were most relevant for them, and the most relevant 
issues were the effect of climate change on water resources (78%), identifying areas for protection (71%), 
large-scale, cumulative impacts of projects (64%), prioritising allocation of environmental compensation 
(64%) and identifying areas for conservation and restoration (57%). 93% were interested in accessing the 
WEAP model developed by TNC, 79% in the ELOHA (Ecological Limits of Hydrological Alteration) framework 
and 71% in the freshwater ecosystem conservation portfolio. It was also suggested that it could be used as 
a participation tool, to facilitate dialogue with regional actors, local communities and other sectors.  

The stakeholders were generally keen to share their 
information. They include a climate change adaptation 
strategy, geographic information, hydraulic models, water 
resources information, planning instruments (POMCAs 
(Plan for the Regulation and Management of Basins) and 
environmental licences, geographic storage models and 
delimitations of ecosystems. This information is currently 
incorporated into the SIAC (Colombian System for Environmental Information), although this is considered 
to be difficult to use and is less used than it once was. 

Several important design factors also surfaced. A key conclusion was that the system needs to work closely 
with institutions. It should legitimise indicators produced by public institutions (though others can be used) 
and be structured in accordance with the national regulatory framework. There were doubts that one 

“The environmental tragedy of this county 
is information.” 

Omar Vargas, sub-director of hydrology 
IDEAM 



 

SimBasin: serious gaming for integrated decision making in the Magdalena-Cauca basin 15 

 

system would not be used as decisions are, in the end, made by individual institutions. Available 
environmental indicators are not very representative, and it is important to take this into consideration. 

2.2.2. Available information tools for inclusion in game 

To find opportunities for the game and to meet the objective to publicise information tools already 
available, the information sources available within TNC were reviewed to understand the state of 
information available for the game. The principal information sources are a water resources model of the 
basin, software for linking hydrological alteration to ecological impacts, a portfolio of freshwater 
ecosystems, a methodology for determining the cumulative effects of combinations of reservoir projects, 
and other socioeconomic data. These sources are reviewed in Appendix C. 

2.3. Prioritisation of objectives for serious gaming 

Low governance is difficult to address with a serious game. However, institutional fragmentation and lack 
of access to information are promising foci for the game. The possible roles of a serious game would 
therefore be threefold: to communicate what is known about impacts and trade-offs in the basin; to 
publicise the sources of information available and how they can be used to make decisions under 
uncertainty; and to reduce fragmentation by serving as a stimulus for bringing stakeholders together.

Summary 

The background review used literature, stakeholder consultation and a review of existing games to 
answer three questions. 

Q1: How strong is the case for using serious gaming as a capacity building technique to improve 
governance of the Magdalena-Cauca basin? 
Serious games facilitate learning in a group setting which is important for forming adaptive water 
management organisations and links between these. Their strengths are increased motivation, low-risk 
innovation, appeal and simulation of organisational life. This is achieved by creating a fictional world 
where players can explore without the pressure of making real-life decisions. 

The evidence for serious gaming is adequately strong. Serious gaming has been used with similar 
objectives and contexts with varying degrees of success, being at worst equally good as conventional 
methods at imparting information and at best better at conveying concepts and motivational content. 
Success is dependent upon a number of design, cultural and contextual factors. 

Q2: Which are the key water governance issues in the Magdalena-Cauca basin? 
Lack of access to information; lack of coordination and implementation; low governance; no sense of 
urgency; absence of long-term plans. 

Q3: What will the objectives of the game be and what lessons have been learned for the game 
development? 
The target audience and objectives of the game must be clear from the outset. Key decisions for the 
game include choice of format, architecture, game mechanics and content. The game should be tested 
frequently throughout the design process as low-level design failures can severely affect outcomes. 

The objectives identified for the serious game are: 

1) Communicate conflicts and trade-offs in the basin 
2) Emphasize uncertainty and publicise decision-support tools 
3) Facilitate workshops which bring stakeholders together and facilitate discussion 
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The outline project methodology, developed in the introduction, was to develop a 
prototype game according to the objectives and context of the basin and then use this 
game as the basis for a workshop and evaluate the actual impacts on the participants 
and the potential impacts on the basin. This section describes the details of this 
methodology: how the information from the literature review was used to design the 
game concept, how the prototype game was developed and how the success of the 
game was evaluated. 

3.1. Game development methodology 

3.1.1. Game experience design methodology 

The game design methodology chosen has been proposed by various authors within the serious gaming 
and decision support fields (Wagner & Wernbacher, 2013) (Arsham, 2015) (Schanze & Sauer, 2007). It 
involves generating an initial idea, and working on this idea until a prototype is created which can be 
tested, and then iteratively testing and improving a series of prototypes until a game is developed which 
meets the defined game objectives (Figure 5). 

There is nothing new or specific to serious gaming in this: it is a very standard design methodology (or the 
standard design methodology). Any internet search for “design process” or “design methodology” will yield 
a multitude of diagrams expressing this concept. It is mentioned here as the iterative part of the process is 
particularly important for serious gaming, given 
the high impact that low-level design failures can 
have on player engagement, flow, and ultimately 
the final success of the game (v. d. Hulst & 
Ruijsendaal, 2012). Therefore, a working 
prototype should be produced as soon as 
possible. Another important difference is that the 
methodology used allows revision of any 
component of the game during the iteration 
cycle, including objectives or methodologies. 

This methodology was applied as follows. Firstly, 
the example games reviewed in the previous 
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Figure 4: iterative serious game design methodology 

[source: (Wagner & Wernbacher, 2013)] 
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section were used to “map” the series of choices to be made about 
the game for the Magdalena-Cauca basin. The results of 
stakeholder workshops and internal discussions with TNC held to 
determine requirements for decision support tools in general were 
used to refine the objectives of the game, make these choices and 
ultimately arrive at a design specification and outline design of the 
game – the “generation” stage.  

Even at this stage, an iterative process was used. Various games 
were drawn on paper. The most attractive parts were cherry-picked 
and made into extremely crude prototypes illustrating a possible 
game interface and user interaction. These were created using 
Microsoft PowerPoint; this enabled a minimum level of interactivity 
(users can click on “buttons” within the interface prototype and see 
example results appear). It is difficult for people to give constructive 
feedback if there is nothing “on the table” to test, so this gave 
confidence that the game concept was acceptable before the 
development started. 

Once generated, the idea was formalised, concretising indicators, 
scoring, decisions to be included, and the architecture of the game. 
The game prototype was then developed iteratively, incorporating 
feedback from various people to prioritise the content and fine-
tune aspects such as visualisations, game mechanics, language and 
scoring (Figure 5).  

An issue here was finding enough “virgins” to test the game on: 
people who are playing the game for the first time. Thus, this 
testing could not always be done with the target audience. 
However, by incorporating comments from a wide range of people, 
valuable insights could be gained. 

3.1.2. Game component development methodologies 

Model 

As one of the requirements of TNC was to publicise the WEAP 
model of the basin which has been constructed, it was decided that 
the simulation game would be connected to such a model. The 
methodology chosen was to use hard coupling (direct connection to 
the model) instead of soft coupling (precalculated results) to give 
the game greater flexibility and allow a larger variety of player 
options, giving a richer game environment. However, the runtime 
of the basin model available was too long for gaming and so a 
simplified model was built.  

Such simplified models can be constructed by reducing temporal 
resolution, building surrogate data-driven models or by simplifying 
model geometry. The model characteristics and the lack of 
computer time ruled out the first two methods respectively, so it 
was decided to build a simple model containing the same features 
as the real basin. This approach generally has the lowest fidelity of 
the three mentioned; however, it was acceptable in this case given 
the fictional nature of the game  (Razavi, Tolson, & Burn, 2012). 

 

Figure 5: evolution of basin game 

March-July 2015 
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Interface 

WEAP is able to act as a “COM Automation Server”, allowing other programming languages (including 
JavaScript, Visual Basic for Applications (VBA), C, Perl, and Python) to interact with it. This is how the model 
is connected with the game interface. The platform chosen for the game design was then Microsoft Excel 
with VBA. This is a relatively limiting language compared to Python or JavaScript in terms of the type of 
interface which can be built, and also affects the portability of the application (to the Web for example).  

However, the key advantage of VBA is that it was developed for “Rapid Application Development”, an 
approach similar to the evolutionary prototyping approach planned for the game. In essence, Visual Basic 
offers less choice but faster development than other languages, meaning that a playable prototype can be 
produced relatively quickly and more prototype iterations can be tested in the same amount of time. Since 
it has been established that small, low-level design failures can affect the success of the game, the more 
agile, participative development process facilitated by Visual Basic is very attractive (Microsoft, 2015). 

3.2.  Game evaluation methodology 

 The methods given above answer the question “What would a serious game for integrated basin 
management in the Magdalena-Cauca look like?”. To answer the question “What potential impacts could 
this game have on decision-making the basin?”, the game needs to be evaluated. 

This question is answered in two stages: firstly, assessing the success of SimBasin as a serious game, and 
secondly, assessing its success as a capacity building strategy for sustainable basin management. 

3.2.1. Evaluation approach 

The evaluation of the game as a serious game involved testing the game content (Section A). Since the goal 
of the exercise was to communicate conceptual knowledge about trade-offs in the basin as opposed to 
quantitatively simulating and comparing the effects of strategies, the “closed questions” method 
developed by Deltares for the fast assessment model for their Delta Game was used (Haasnoot, Deursen, 
Guillaume, Kwakkel, van Beek, & Middelkoop, 2014). This involves formulating questions to test the game’s 
capacity to tell the story deemed valid by expert opinion and by other, higher-fidelity models. The battery 
of questions (Table 2) used to test the game includes questions such as “Does the implementation of flood 
defence measures in the game reduce flood risk?” instead of statistical tests of fidelity to observations. The 
answers to these questions determine the validity and limitations of the game. Evaluation of the game as a 
capacity building strategy (Section B) involves going beyond the apparent “quality” of the game and 
evaluating player the players’ experience and learning. The closed questions approach was continued.  

Table 2: Closed questions battery for evaluating SimBasin 

Section A (as a game): check whether game represents the water sector and climate in the Magdalena-
Cauca river basin, and whether the impacts of decisions implemented in the game are reasonable. 

A1: are all the decisions similar to decisions taken by water sector actors in Colombia? 

A2: are the seasonality and the water balance in the Magdalena-Cauca well represented in the game 
model?  

A3: does each decision have the positive impact it was intended to have? 

A4: are the negative side effects of each decision reasonable? 

A5: do strategies focussed on a specific sector perform worse than well-balanced strategies? 
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3.2.2. Data collection 

To answer the questions in Section A, the decisions in the narrative were mapped against real decision 
making processes to see to what extent they simulate real decision making processes (A1). The model was 
calibrated and evaluated by comparing with observed data for streamflows and with the calibrated WEAP 
model of the whole basin for other aspects (A2). It is not optimal to calibrate a model against a model; 
however, no other data was available to investigate aspects such as evaporation shortfalls for agriculture. 
The game was also tested to see the game scores obtained under a variety of scenarios (A3-A7). 

 Whilst the comparison of the game content to other sources is relatively straightforward, evaluating the 
game experience and learning (Section B) is not. Although many evaluations of serious games have been 
done, no standard framework or theoretical language for serious game effectiveness evaluation exists, and 
the studies which have been done often have methodological flaws (Hays, 2005) (Mayer, et al., 2014). 
Although some frameworks exist, they are generally highly conceptual and difficult to apply for practical 
testing.  

From a scientific point of view, the best way to assess the effectiveness of a serious game would be 
through comparative, longitudinal studies. However, this requires a level of discipline among the 
stakeholders which is beyond what a masters student (or possibly even a president) could command, and 
cannot be done in the timeframe of this project. 

A practical starting point is Kirkpatrick’s four-tiered game evaluation strategy, which involves estimating 
“customer satisfaction”; skill/knowledge acquisition; skill/knowledge transfer; and final impact at 
organisational level (Human Factors Integration Technology Centre, 2007). This tracks the game’s impact 
from the game session itself through individual learning to the final desired impact (in this case, better 
basin management).  

Kirkpatrick’s “Customer satisfaction” (B1 / B2) considers whether or not the participants enjoyed the game 
and felt they gained something, and can be determined relatively easily from recordings and 
questionnaires about game sessions. 

A6: can players improve on the status quo by taking decisions? 

A7: do sectoral strategies really improve performance in those sectors? 

 

Section B (as a strategy): check whether the game provides a positive learning experience for players and 
that their learning followed the three game objectives. 

B1: was the game a positive experience for players? 

B2: were facilitators satisfied that the game met their objectives? 

B3: is there evidence that players gained new knowledge about the dynamics of the basin? 

B4: is there evidence that players gained new knowledge about uncertainty and the tools available? 

B5: did the game bring together stakeholders and stimulate discussions that would otherwise not have 
happened? 

B6: is there evidence that the knowledge gained is valuable and relevant to the participant’s work roles? 

B7: is there evidence to support the use of the serious game for the water sector? 

B8: does the will exist to use the game in other contexts? 

B9: do the game workshops provide advantages over other capacity building strategies? 
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Skill / knowledge acquisition (B3 / B4 / B5) or game learning is more difficult to evaluate. (Mayer, et al., 
2014) deconstruct serious game learning evaluation into eight components: 

1. Pregame condition 
2. Game quality 
3. Postgame condition 
4. Background variables 
5. Mediating variables 
6. Context variables 
7. First-order learning 
8. Second-order learning 

These components could be evaluated using the data from the workshops (Table 3). 

Skill / knowledge transfer and impact at organisational level (B6 / B7) relates to whether the participants 
apply what they learned during the game session in their professional lives and how this affects 
organisational outcomes. Within the timeframe of this thesis it is not possible to see if they actually do this, 
but two approximations can be made: determining if they saw similarities between the game content and 
their professional lives (i.e. that the game learning could be applied) and if they felt they gained something 
valuable from the game (i.e. that there was a will to apply the game learning). There then follows the 
(significant) assumption that if the possibility and the will to apply the learning exist, then some knowledge 
transfer will take place. 

The long-term appeal and sustainability of the game project (B8) is also tricky to assess, since one has to 
rely on implied commitment and self-reported enthusiasm about the game. This section drew on feedback 
from the game recordings and questionnaires and also discussions with users about taking the game 
forward.  

The evaluation of how effective the game is compared to other capacity building methods (B9), is more 
difficult without longitudinal studies and some kind of control experiments. Answering this question 
involved a literature review on other capacity building methods in integrated basin management and 
comparing the success of these methods to the success of other serious games. This review was tailored 
where possible to the specific context of the Magdalena-Cauca. 

The approach having been decided, the data required to answer these questions must be collected. Trial 
workshops were held using the game. It was not possible to organise a game workshop in Colombia with 
decision-makers by the time of writing (this will happen in September). Instead, the game was used in a 
decision making workshop with water professionals in Thailand (Figure 6). This was the The SUMERNET 
(Sustainable Mekong Research Network) First Regional Workshop on Robust Decision Support (RDS) 
Framework for Regional Assessment on Water Scarcity Management in the Mekong Region, held from the 
14th-16th July 2015 and organized by Stockholm Environment Institute (SEI). 

Table 3: evaluation of game learning components 

Component Evaluation methodology 

1. Pregame condition Could not be evaluated (workshop time did not allow) 

2. Game quality Game questionnaires; recordings; facilitator feedback 

3. Postgame condition Self-assessment in game questionnaire; recordings 
4. Background variables Game questionnaire 

5. Mediating variables Game questionnaire (question on game experience) 

6. Context variables Interview with facilitators 

7. First-order learning Self-assessment in game questionnaire 

8. Second-order learning Game questionnaire (questions on potential of serious games) 
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 The game formed the basis of a session 
titled “Towards RDS framework and 
demonstration of comprehensive and 
simplified RDS applications”, and was 
used to illustrate RDS concepts, such as 
uncertainties, indicators and strategies. 
The attendees were involved in basin 
management and research in five 
countries of the Mekong basin (Lao, 
Myanmar, Thailand, Cambodia and Vietnam).  

The session consisted of an introductory presentation, a 30 minute game session in four parallel tables of 
around 8 players, and a closing discussion. The game went through 15 years, with three decisions 
presented every three years (five rounds of decisions) (Table 4). Questionnaires from the participants and 
facilitators (Appendix D), facilitator feedback, recordings of the discussions and descriptions of the games 
played at the workshop were collected for analysis. The questions were written aiming to discover “deep 
learning” (e.g. by asking for lessons learned, and critical self-assessment), avoiding questions such as “Did 
you learn X during the session? [Y/N]” which put words in respondents’ mouths (Pew Research Center, 
2015).  An informal testing session was also held with Hydroinformatics students at UNESCO-IHE, Delft, in 
August 2015. 

 

Figure 6: participants of the Sustainable Mekong Research Network robust decision making workshop playing 

the game 

 

Table 4: Bangkok RDS workshop gameplay groups 

Team country 
Number 

of people 
Penalty 
points 

Research money 
used (from $700) 

Lao-Myanmar 12 8 $153 

Thailand 4 10 $200 

Cambodia 6 8 $432 

Vietnam 8 7 $648 
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Summary 

In this section, the ways that the game was conceived, developed and evaluated were discussed. 

- Concept: the outline design for the game was developed by using feedback from stakeholders 
to choose features for the game from the wide range of possibilities. 

- Development: this game was then developed iteratively incorporating feedback from testers. 
Hard coupling was used to connect the game to the model to provide a richer, more flexible 
game. VBA was chosen as the programming platform to achieve agile development. 

- Evaluation: the game was evaluated as a game by comparing the game world to the real world 
for fidelity and by using testing workshops to assess engagement, appeal and learning. 
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Following the methodology discussed in the previous section, a working serious 
game was developed and tested. This section describes the game experience and 
how this is provided, the experience gained from its development, assessment of its 
fidelity to reality, player feedback, and evaluation of its potential as a capacity 
building strategy. These results answer the two questions developed in the 
Introduction:  

Q1. What would a serious game for integrated decision-making in the Magdalena-
Cauca look like? 

Q2. What potential impacts could this game have on decision-making in the basin? 

4.1. Question 1: what would a serious game for integrated 
decision making in the Magdalena-Cauca look like? 

4.1.1. Game experience and content 

It had already been decided that the game would focus on basin management and be based on the WEAP 
model of the basin. Following the methodology outlined, the review of serious games provided a series of 
key choices to be made. These decisions were then taken in line with stakeholder input and TNC 
objectives, to provide an overall game concept (Table 5).  

Table 5: game design decisions 

Design decision Decision taken 

Foci Conflicts in the basin; uncertainty and sources of information; cooperation. 

Audience Decision-makers and other stakeholders (professionals) 

Context Facilitated half-day group workshop 

Format 
Linear basin management strategy simulation game (with fixed narrative; not a 
sandbox) 

Contents (sectors) Conservation, flooding, hydropower and agriculture 

Contents (decision types) Matching those taken in the basin 

Time horizon 30 years 

These decisions were taken in a “waterfall”, in the order they are presented in the table. Since the foci 
were to improve understanding and cooperation between decision makers and to publicise information 
tools to these decision makers, the audience was to be high-level professionals. Therefore, the workshop 
had to be short and well-facilitated, to enable busy people to be invited. Since they will only play the game 
once, the learning curve should be relatively shallow, and so a linear rather than sandbox game was 
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preferred. Contents and time horizon were then selected to match the vision of the basin TNC wishes to 
share. 

The game experience having been decided, the game content needed to be determined. This is the 
information the participant is intended to leave the workshop with. This was first determined by consulting 
experts within and outside TNC to arrive at the vision of causes and effects the game is intended to 
illustrate.  First important final outcomes were identified: flood, energy, food and environmental security 
(light blue in Figure 7). These were then mapped to water/environment indicators which could be used in 
the game (middle blue). Strategies to change these were identified (dark blue). Finally, the relations 
between these were classified as positive or negative, and divided into water sector relations which can be 
modelled in WEAP and external relations.  

Certain feedbacks and external factors are not included in the game, notably the effect of climate on the 
extents of forests and wetlands, and the effect of external market forces or changing patterns of 
consumption on food and energy supply requirements. 

 

 

Figure 7: system diagram of basin management in the Magdalena - Cauca 

This analysis yielded the indicators used in the game, and also the types of decisions to be made available. 
Water scarcity indicators were also added for the Thailand workshop, to suit the theme of the workshop 
(these were omitted in Colombia since water scarcity was judged to be less important than the other 
sectors identified and complexity was to be minimised). Starting from this vision, storylines for the game 
were developed. These are a series of alterative trajectories which players can follow depending upon 
their decisions. These trajectories are summarised in Appendix C. 

Legend 

Factors        Cause/effect relations 

End result (“what really matters”)  _____ Implied (conceptual) 

In-game indicator (tangible)   _____ Managed by WEAP model 

Intervention  _____ External relation (not included in Bangkok version) 
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4.1.2. The game itself 

The game was then developed (Figure 

9). It guides the players through 30 
years of the development of a fictional 
catchment with a variable climate and 
growing anthropogenic pressures. They 
can decide to build or change the 
operation of reservoirs, build flood 
protection dykes, protect forests or 
wetlands against the agricultural 
expansion built into the game, restore 
natural areas, change agricultural 
methods and add agricultural areas 
(Figure 7).  

Every three “game years”, players are 
presented with decisions they must 
take: to choose between different sites 
for a new reservoir, for example. They 
have a limited research budget which they can use to buy forecasts to help them make the decision. Once 
they have made their choice, the decision is simulated in WEAP and the game provides them with 
feedback, letting them know if they have met their targets. After reviewing the results, the players take the 
next round of decisions. After the game has completed, their strategy is simulated for different climate 
scenarios. For more information see the game instructions in Appendix F. 

 

 

Figure 9: game interface as played in Bangkok (water supply is omitted from the Colombian 
version to reduce complexity and the time horizon was shortened to 15 years) 

To keep the game realistic, the number of interventions the players makes needs to be limited. In real life 
this limit is economic. One way of restricting the interventions made in the game would be to give players 
a budget to spend on interventions and price the interventions. However, this is not realistic because in 
real life the money comes from various sources and some projects provide future revenue. To avoid this, 
to make the learning curve shallower, and to reduce the range of possibilities for which the game needed 
to be tested, the game presents decisions as choices between 3 options which are assumed to be equally 

Figure 8: extract from promotional material explaining the 
game experience 

Work with your team to plan the development of a fictional 

catchment over 30 years, balancing environmental 

conservation with the demands for agriculture, hydropower 

and flood protection. 

Commission studies and forecasts to inform your decisions, 

then act. The impacts of your decisions will be simulated by 

hydrological modelling software and you will be shown how 

(un)successful your strategy has been. 

Build reservoirs, protect conservation areas, enact 

legislation to protect environmental flows, change 

agricultural techniques… the future of the basin is in your 

hands! 
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viable, for example between building a reservoir in one of three locations. Every three years, players are 
asked to make three such decisions regarding the development of the basin. 

The impacts of players’ decisions on 7 sectors are simulated. The indicators and sectors are detailed below 
(Table 6). Each year, the players accumulate penalty points if they do not meet minimum standards in 
each sector, and the aim of the game is to complete the 30 years whilst collecting as few penalty points as 
possible. 

Table 6: game sectors and indicators 

Sector Indicator Calculation method 

Flooding 
Volume of flood waters in two towns during worst flood event 
of year 

Extracted from WEAP 

Agriculture Total annual yield in $ Extracted from WEAP 

Hydropower Total annual generation in GJ Extracted from WEAP 

Health of 
rivers 

% of rivers above a threshold for hydrological regime 
alteration (ecochange) relative to a baseline scenario with no 
hydropower or growth of agriculture (Gao, Vogel, Kroll, Poff, & 
Olden, 2009) 

Calculated from WEAP 
results 

Forest 
remaining 

% of forested area remaining relative to game start year 
Calculated from WEAP 
results 

Wetland 
remaining 

% of wetland area remaining relative to game start year 
Calculated from WEAP 
results 

To illustrate uncertainty, these indicators are displayed both as a real value and as a range of possible 
values. These possible values are the possible values of that indicator due to climate variability if nothing 
else changes in the basin. They are calculated by simulating 30 years of the basin climate with the current 
development state and extracting the maximum and minimum values. A disadvantage of this method is 
that the return periods of these values are unknown and will not be the same for all indicators. The next 
version of the game should attempt to estimate the probability distributions of the indicators to allow say 
the 80% confidence interval to be given as the grey range. This is not calculated for “Wetland remaining” 
and “forest remaining” as these are not affected by the climate and also not for “river health” as this is 
already a stochastic parameter. 

Each indicator has a threshold which should not be crossed (representing a demand or ecological limit), 
and players should avoid crossing this limit, as they will accumulate penalty points (Figure 10). Therefore, 
the overlap of the possible range and the threshold represents vulnerability, a concept borrowed from 
participative robust decision making (Forni & Galaitsi, 2015). 

 

Figure 10: game sector performance graph showing possible and actual agricultural production 
and the production threshold. 

To illustrate the value of information, players are given a “research budget” with which they can buy 
forecasts to study future demands and trends (Figure 11). The forecasts become significantly (sometimes 
prohibitively) more expensive the further into the future they go, and so players should spend wisely.  



 

SimBasin: serious gaming for integrated decision making in the Magdalena-Cauca basin 29 

 

 

After 10 rounds of decisions (30 years), the players are given their final score. Their sequence of decisions 
is then simulated for three more climate futures, and the trajectories are displayed on graphs, to feed a 
discussion on whether the strategy adopted was robust or just (un)lucky. The strategies are also evaluated 
for multi-dimensional risk, by summing the normalised areas of overlap between the possible ranges and 
the thresholds. This does not take proper account of the differing probability distributions of the various 
indicators; however, it does serve to rank “riskier” strategies below “less risky” strategies and conveys the 
message that the robustness of decisions is important. 

The game workshop can be built around one or more such games. The Bangkok workshop consisted of one 
game followed by a discussion. The workshop planned for September in Bogotá will involve two rounds. 
The first will be played by four tables each representing one sector. Each table must achieve demands set 
by that sector, and they should minimise impacts in other sectors. Afterwards, the tables are mixed and all 
the tables try to find a balanced strategy which better meets demands overall.  

4.1.3. Game workings 

Architecture 

The game experience is provided by a game architecture consisting of 7 components: a WEAP model; a 
decision routine library of routines which implement decisions in the model; an indicator routine library of 
routines which calculate indicators based on model results; a game narrative (a sequence of decisions 
which guides players through the game); a game manager which manages the interaction of these 
components; a graphical user interface (GUI) which manages the interaction with the players; and of 
course, the player. The decision routine library, indicator routine library and game manager are Visual Basic 
for Applications (VBA) modules, the game narrative is a Microsoft Excel Worksheet and the GUI consists of 
a Microsoft Excel Worksheet and various Microsoft Excel Userforms. The modular structure of the game 
allows the game narrative to be changed easily to adapt to different audiences. A round of the game runs 
as follows (Figure 12):  

1. The player examines the results of the previous round on the GUI and presses “continue”. 
2. The game manager checks the game year against the game narrative and delivers the decisions 

for this year through a dialog. 
3. The player can use this dialog to buy studies and forecasts. The game manager deals with these 

requests using the appropriate routine from the indicator routine library and displays the results 
via the GUI. 

4. The player makes the decisions using the dialog. The game manager implements these in the 
WEAP model using the appropriate routine from the decision routine library.  

5. The game manager runs the updated WEAP model. 
6. The game manager calculates the indicators from the model results using the indicator routine 

library, populates the GUI with the results and advances the game year.  

Below, the components comprising the game are discussed. 

 

Example 1: hydropower future failure 
threshold 

 

Example 2: agricultural production  
future value 

 
Figure 11: buying forecasts within the game 
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Figure 12: game architecture diagram 

Component 1: WEAP model 

Software 

WEAP was used for the water resources modelling. WEAP is a water allocation model which is useful for 
modelling to support participative decision making due to its transparency, focus on simulating various 
policy pathways, and ability to assimilate various levels of complexity and data availability. An added 
advantage is the large community of users which has been built up, which means it is easier to find support 
and that stakeholders are more familiar with the software (SEI, 2014). 

Demands and supplies are represented in WEAP as a series of nodes (catchments, demand sites etc.) 
connected by links (rivers, supply lines etc.). Running on a monthly timestep, the model first calculates the 
demands and supplies for each node (such as rainfall-runoff or supply requirements). Then, a linear 
program is used to optimise the distribution of water to meet the demands subject to mass balance, 
supply priorities and other constraints. Lastly, WEAP calculates external impacts such as hydropower 
generation, pollution generation, or costs  (SEI, 2014). 

Since the time step is large, all flows are assumed to occur instantaneously, and each month is 
independent of the others (except for changes in initial conditions such as soil moisture or reservoir 
levels). There is also no conception of space or distance between nodes within WEAP. River routing is not 
modelled (on a monthly timestep this would not make sense anyway), and although flood water volumes 
can be calculated, it is not meaningful to interpret this directly as a spatial flood extent and location. 
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However, the topology of the model (the 
relative locations of the basin features) is 
modelled accurately  (SEI, 2014). 

This approach has limitations, particularly 
regarding flood damages, where short 
duration events and spatial extents are 
important. However, it can be and has been 
successfully used (Angarita, Wickel, Sieber, 
Delgado, & Purkey, 2015) to model 
“beneficial” flooding to wetlands (discussed 
below). It also enables a large number of 
sectors and long time horizons to be 
considered which make it suitable for long-
term strategic planning (the present 
purpose). Therefore it offers considerable 
advantages over other water resource models 
and 1D hydrodynamic flooding models as it 
integrates the flood dynamics with other 
sectors. 

The calculation algorithms are generally 
simple and based on mass balances. The only 
physical process modelled in WEAP is rainfall-
runoff. WEAP supports a variety of rainfall-
runoff calculation methods and the Soil 
Moisture Method was chosen as the other 
methods included either do not model runoff 
(Simplified Coefficient Method) or require a 

daily timestep (MABIA crops method). The soil moisture method is a 2-layer soil moisture accounting 
scheme. Evaporation and surface runoff are calculated based on the initial moisture of the top layer. The 
remaining water then percolates into the two “buckets” of the soil moisture model where it is stored and 
ultimately transferred to a river through interflow or base flow  (SEI, 2014). 

At TNC, a water resources model in WEAP of the whole basin has been created – referred to here as the 
“original model”. As the runtime of the model was too long for smooth gameplay, a simplified model 
(“game model”) was created and calibrated based on this model and observed data  (SEI, 2014). 

Layout / structure of game model 
The simplified model at the heart of the game was developed by aggregating the ~300 subcatchments in 
the original WEAP model into 13 larger catchments along 2 rivers. The divisions between these big 
catchments were determined according to the network layout of the subcatchments (Appendix F), so each 
large catchment forms a sensible hydrological unit draining into one of the major rivers (Figure 13). The 
parameters of these catchments were set according to the characteristics of the original model such that 
the simplified model has the same climate, area and land-use characteristics as the real Magdalena-Cauca 
basin. Other features (reservoirs, urban supply sites and irrigated areas) were adapted from the original 
model to give the fictional catchment a similar range of features. It contains 9 reservoirs, two urban 
demand sites and a zone of wetlands. The agricultural zones in the game model expand with time to match 
the projected growth in the basin. 

The model contains two scenarios: a game template and a baseline. The game template contains the 
agricultural growth and begins with one reservoir. The baseline is identical but without the agricultural 
growth and reservoir, and is required for calculating changes in land cover and hydrological alteration. For 
each new game, a new scenario is created as a child of the game template.  

Input data: land cover 

Figure 13: catchments in game model 
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The distribution of land covers in the model used for the game model is identical to the distribution 
calculated for the original model (Table 7). Rainfall-runoff parameters differ by land cover type. 

One of the player interventions planned for the game was to protect natural areas. Therefore, the model 
needed to provide agricultural growth to protect them from. This growth works in the following way: each 
catchment has an agricultural component (in some cases crops, in others livestock) which grows, and a 
natural component (forest or wetland) which shrinks to match. This growth continues until the natural 
component is completely lost, and then halts. The growth rate was estimated from a study into the future 
hydrological effects of agricultural expansion (MinAmbiente, 2012).  

Table 7: land cover in game catchments 

Catchment 
name 

Area 

Agriculture 
(%) 

Shrubland 
(%) 

Forest 
(%) 

Pasture 
(%) 

Wetland 
(%) 

Other 
(%) 

Total (km2) 

MAG1A 12 33 19 36 1 0 19,460 

MAG3B 29 15 9 40 1 5 9,364 

MAG6C 23 18 21 36 1 1 25,976 

MAG7D 18 19 32 28 4 0 9,492 

MAG8E 19 26 17 36 1 0 40,645 

MAG2F 20 16 23 40 1 0 13,340 

MAG4G 41 10 6 41 1 2 12,493 

MAG5H 14 22 17 43 4 0 8,857 

CAU1IA 39 12 13 34 0 2 11,311 

CAU2IB 33 20 17 28 1 1 25,845 

CAU3J 7 27 34 29 2 1 22,643 

MAG10K 24 23 18 33 0 0 6,234 

MAG11L 1 20 50 29 0 0 2,452 

Total 208,111 

The rainfall-runoff parameters for the soil were arrived at by calibrating the model against known 
streamflows. The calibration parameters were the rainfall-runoff characteristics of the catchments. These 
vary by land-use type. One exception to this rule is the RRF, which is based on altitude rather than land 
cover type. Since Colombia is very close to the equator, altitude has much more impact on climate than 
latitude. 

The calibration was done against two streamflow gauge stations: one in the lower Cauca, and one in the 
lower Magdalena. To measure the performance of the model, the Nash-Sutcliffe model efficiency (NSME) 
coefficient was used, as described in the following equation. 

              (1) 
    

In Equation (1) Qo is the mean of observed discharges, and Qm is modelled discharge. Qo
t is observed 

discharge at time t. The measure represents the ratio of the square error values of the model compared to 
predicting using the mean. The range of possible values goes from -∞ from 1. 1 is a perfect model; a 
negative value is a model which predicts worse than the mean. The data was split into two sets: a 
calibration set and a validation set. The target value for the model was 0.4 on the validation set at the 
three locations, considering the extreme simplicity of the model and the low requirement for accuracy. 
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The calibration was done by specifying upper and lower bounds for each variable, generating random sets 
of parameters, running the model for each set of parameters and calculating the NSME value for the 
streamflow against observations. The parameters selected were those giving the lowest NSME value. A 15-
year calibration scenario was created which best matches the current layout of reservoirs.  

Over 2000 trials were made. No parameter set was found which met the criterion for both calibration 
sites, however combinations were found which scored 0.42 for both sites, and these were compared with 
the parameters used in the original model (Table 8, Table 9 & Table 10). One combination scored 0.51 on 
the Cauca, but was rejected for its poor performance on the calibration set.  

 

Table 8: best rainfall-runoff parameter set from calibration (Cauca) 

Land cover type 
Parameters 

Kc Z1 (mm) 
Root Zone 

Conductivity 
Flow 

direction 
Z2 

(mm) 
Deep 

conductivity 
RRF 

Agriculture 0.24 170 90 0.12    

Shrubland 0.57 200 60 0.79    

Forest 2.49 336 120 0.11    

Pasture 2.41 100 127 0.63    

All     416 352  

Paramo       17 

High mountain       11 

Middle mountain       28 

Low mountain       23 

Wetland       11 

 
Table 9: best rainfall-runoff parameter set from calibration (Magdalena) 

Land cover type 
Parameters 

Kc Z1 (mm) 
Root Zone 

Conductivity 
Flow 

direction 
Z2 

(mm) 
Deep 

conductivity 
RRF 

Agriculture 0.41 108 90.5 0.60    

Shrubland 0.69 477 53.9 0.33    

Forest 0.11 125 57.7 0.95    

Pasture 0.15 451 126.7 0.71    

All     162 508  

Paramo       8 

High mountain       23 

Middle mountain       9 

Low mountain       20 

Wetland       8 
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Table 10: rainfall-runoff parameters used in original model 

Land cover type 
Parameters 

Kc Z1 (mm) 
Root Zone 

Conductivity 
Flow 

direction 
Z2 

(mm) 
Deep 

conductivity 
RRF 

Agriculture 0.95 250 100 0.4    

Shrubland 0.85 250 100 0.4    

Forest 0.85 250 100 0.4    

Pasture 1 250 100 0.4    

All     350 300  

Paramo       16 

High mountain       5 

Middle mountain       10 

Low mountain       12 

Wetland       20 

Inspection of the parameter sets shows that they do not have a physical meaning. The relative sizes of the 
parameters change between the three parameter sets, and the Kc values produced are very low and very 
high compared to literature values. It is important that the parameters used have physical meanings, 
because if they do not, the land-use change simulated in the model will be meaningless (the calibration 
will only hold for the land-use distribution contained within the model). The original parameters are also 
not physically determined; however, they are closer to textbook values than those obtained from the 
calibration. Therefore, the original model parameters were used, even though their performance against 
the observations was poor. 

Input data: climate 
The standard game climate is based on historical precipitation, humidity and temperature series recorded 
from 1981-2010. These series, available for the 300+ subcatchments in the original model, were averaged 
by area to produce time series for the game model. 

The data for the grey “possible range” bands in the game representing climate variability was generated by 
running the model for twice the length of the game, repeating the climate. In the second repetition, the 
condition of the basin is held static as it was in the game year (the agricultural expansion does not happen) 
and so the second half of the model run represents 30 years of climate variability with the basin as it was 
in the current game year (Figure 14). The range of possible values is represented by the maximum and 
minimum values of the indicator within these last thirty years, and the game indicators are calculated from 
the first thirty years. 

 

Figure 14: land covers in one model catchment. On the left: the section used for the game, with land cover 

change. On the right, the section used for the possible ranges, with land cover held static at the game year 

For the final comparison of scenarios, children are created of this template with different climate time 
series. The climate scenarios for the model use rain data from the scenarios developed by TNC. These 
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were created by downscaling global climate models (GCMs) to estimate future climates. The GCM climate 
pathway used was RCP 8.5, the most extreme climate change scenario, to provide a conservative result. 
After testing multiple GCMs, MPI-ESM-MR was used as it provided the most accurate results for the 
current climate (as compared to observations). The k-NN bootstrapping method was used to create many 
precipitation series, and from these the driest and wettest (containing the highest positive and negative 
anomalies in mean annual precipitation) were selected to create an envelope of possible futures (Angarita, 
2014).  

Sector specific: flooding 
To model the flood component, the new WEAP flooding module was used. This adds two new features: a 
third “bucket” on top of the two Soil Moisture Method buckets for surface water storage, and bidirectional 
exchange of water between this “bucket” and one or more river reaches. This works in the following way: 
each river has a flooding threshold flow rate, above which a percentage of the flow is transferred to a 
neighbouring catchment (Angarita, Wickel, Sieber, Delgado, & Purkey, 2015). Each catchment then has a 
maximum depth of flooding, above which a percentage of the depth will be transferred to the river in each 
time step. WEAP is not an ideal tool for modelling flooding as it has no water routing component (neither 
1D nor 2D) and a monthly timestep. However, the possibility of coupling WEAP to a 2D flood model was 
discarded as the runtime would be prohibitive. 

 

 Two flooding “stories” were considered for the game: firstly, the protective role of wetlands, and 
secondly, downstream effects of upstream flood measures. To tell these stories, three floodable 
catchments were created (upstream to downstream): wetland area (broadly representing the Colombian 
Momposina depression); urban area 1; urban area 2. Dykes are simulated by increasing the river flooding 
thresholds. 

Sector specific: hydropower 
As reservoir operations are driven by economic as well as climatic factors, the reservoir operation time 
series were modelled outside of WEAP. This modelling of production was done on a daily time step and 
considered long term (~30 years) patterns of water availability, the expected power demand relative to 
installed capacity, optimization of operations and priority relative to other demands. The resulting energy 
productions were entered as the energy demand time series of the reservoirs in WEAP. This had already 
been done in the TNC model of the basin. For the game, a representative sample of 9 reservoirs was taken 
from this model using the same production time series. 
  

Figure 15: flood modelling in WEAP 
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Sector specific: agriculture 
The key parameters for agriculture are the agricultural expansion rate, the types of crops planted in the 
basin, and yield parameters for these crop types (Table 11). The future growth rate and main crops found 
in the basin were determined from the Evaluación Multisectorial de la Huella Hídrica en Colombia (2012), a 
study into the water footprint of various sectors containing future growth projections and estimations of 
the hydrological characteristics of various crops. These were supplemented by yield parameters obtained 
from the FAO Irrigation and Drainage Paper No. 56, and market prices obtained from various internet 
sources. 

 

Component 2: Decision routine library 

Decisions in the game are implemented in the model as various types of step function, taking effect only 
from the year in which they are implemented. This means that when the game is finished, the model 
scenario preserves the sequence that the decisions were taken in. The decision types were designed to 
match the types of decision taken in the basin. Each decision subroutine is a function of the game year, 
and other parameters such as location, size or type (Table 12).  

Table 12: player strategy simulation functions 

Decision type Implementation method Function of game year plus… 
Add reservoir (9 
reservoirs) 

Change reservoir start year  Reservoir name, percentage production 
(used to simulate environmental flow 
regulations) 

Add dyke (2 
locations) 

Change river flooding threshold  River reach name, streamflow threshold 

Change crops (13 
locations) 

Change yield and runoff 
parameters (from built-in library 
of crops) 

Location, crop name 

Protect area (13 
locations) 

Set % agriculture to the current 
game year value +/- a change 
amount (halt growth and 
change value) 

Location, change amount (0 for 
protection, negative for restoration) 

Add area (13 
locations) 

Increase percentage of land 
cover type in a catchment  

Location, land cover type name, amount 

From this small library of functions, the following strategies can be simulated: 
1. Construct new reservoir 
2. Change operations of existing reservoirs 

Table 11: agricultural yield parameters used in model 
 

Crop 

Parameters 

Kc 
Potential 
Yield (kg 
annual) 

Yield 
Response 

Factor 

Planting 
Date (month 

no.) 

Harvest Date 
(month no.) 

Market Price 
($ / kg) 

Potato 0.9 17300 1.1 1 4 0.5 

Banana 1.2 36000 1.3 3 3 0.9 

Coffee 1 55000 101 1 12 1 

Sugar cane 1.1 100000 0.97 1 12 0.44 

Rice 1.1 5000000 1 1 12 0.5 

Oil palm 1 595000 1.35 1 12 0.7 

Maize 0.9 907200 1.25 4 9 0.16 

Cocoa 1.2 250000 1.1 1 12 2.5 
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3. Construct flood protection dyke 
4. Enlarge or shrink existing flood protection dyke 
5. Move dyke 
6. Change crops planted 
7. Change land management methods 
8. Protect natural areas 
9. Restore natural areas 
10. Expand agricultural areas 

Considering that for each of these strategies various options can be simulated (protecting a small or large 
area, restoring a forested area or a wetland, expanding a maize-growing zone or a livestock zone), the 
game provides a reasonable richness of options for the players. For one narrative of 5 rounds, three 
decisions per round and three options per decision, there are 135 possible outcomes. This is important not 
only in order to illustrate the wide variety of water management options available but also to provide a 
sense of player control, which is important for engagement with the game (v. d. Hulst & Ruijsendaal, 
2012). 

Component 3: Indicator routine library 

The game uses 7 indicators to summarise the development of the basin (plus two water scarcity indicators 
required for the Thailand workshop). For each indicator, the value in the game year plus the maximum and 
minimum values for thirty years of climate variability are calculated. The indicator library contains the 
routines used to extract the required results from WEAP and calculate the indicator values. 

For flooding, the indicator used is the maximum volume of flood water inundating the urban part of the 
two floodable catchments included in the game in the game year. As WEAP runs on a monthly timestep, 
this is the volume of flood water in the month with most flooding. The maximum and minimum are then 
the maximum and minimum of these annual maxima. 

 It would be preferable to use flooded depth as this is easier to imagine; however, this would require an 
arbitrary volume: depth curve to be invented. Therefore, since players measure their success against a 
threshold anyway, it was decided to use the flood water volume to avoid adding additional fictitious 
components.  

For agriculture, the indicator used is the total market value of the crops produced in the year. The prices 
are taken from various sources and represent the current price of the crops. The maximum and minimum 
are the maximum and minimum of these totals. 

For hydropower, the indicator used is the total amount of energy produced in the year. The maximum and 
minimum are the maximum and minimum of these totals. 

For ecology, three indicators were used: the percentage of forested area remaining (relative to the year 
the players started managing the basin), the percentage of wetland area remaining (relative to the year 
the players started managing the basin) and the percentage of river reaches with a flow regime alteration 
below a threshold. These indicators do not have maxima and minima as the area remaining values do not 
depend on the climate and because the flow regime alteration is already a stochastic parameter. 

For river alteration, a parameter known as “ecochange” was used (Figure 16). This is the normalised area 
between the original flow-duration curve and the altered flow-duration curve. Quantifying ecological 
alteration of rivers is complex as various flow components need to be considered. Therefore, total 
ecochange is not necessarily a good indicator of ecological alteration, as has been confirmed by studies 
(Gao, Vogel, Kroll, Poff, & Olden, 2009). However, the requirement to encapsulate all the alteration factors 
in one parameter and the fact that ecochange is relatively easy to understand and explain made it an 
attractive parameter for the game. Other approaches were also explored (see next subsection). The 
ecochange was calculated for a representative sample of river reaches (those below game intervention 
sites, 23 in total) and the alteration parameter was given as the percentage of reaches with alteration not 
exceeding a threshold. 
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Figure 16: ecochange calculation [source: (Gao, Vogel, Kroll, Poff, & Olden, 2009)]. The total 
ecochange is the sum of the ecosurplus and ecodeficit normalised by the area under the 

unregulated FDC. 

Component 4: Game narrative 

The game narrative consists of a table where the decisions for each year are listed. Each decision entry 
consists of a blurb explaining the decision to be made plus three option names, and a pointer to the 
appropriate decision library function and parameters (Table 13). 

This method means that it is extremely easy to change the “narrative” of the game: the story the players 
experience. This is important since the game has been and will be used in various contexts and languages. 
Having all the game “content” in one table makes translation easy. To construct this storyline, separate 
storylines were invented in consultation with experts. One such storyline was “we did not protect natural 
areas, and once they were gone it was too expensive to restore them.”. Various such storylines were 
pulled together into a game narrative, and from this the sequence of decisions was designed and written 
into the table. The narrative should take advantage 
of and highlight feedbacks and conflicts in the basin. 
This sequence was then checked and adjusted 
during testing to ensure that the game performed as 
expected and gave reasonable results. 

  

Table 13: example year of game narrative 

Year 2017 

Image prado.jpg 

Title 

New reservoir proposal 
at Napa. Can be 
approved with 
restrictions to reduce 
environmental impact. 

Option1Name Approve reservoir. 

Option2Name 

Approve with 
environmental 
restriction. 

Option3Name Reject reservoir. 

Option1Sub 
switchReservoir("Magd
alena", "Napa", 1) 

Option2Sub 
switchReservoir("Magd
alena", "Napa", 0.75) 

Option3Sub None 
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Component 5: Game manager 

The game manager is the heart of the game, 
coordinating all the components as described 
previously. It consists of a VBA module which 
presents and populates the forms and sheets 
representing the GUI, and manages the interaction 
with WEAP. No game content is contained within it, 
so it need not be changed to tweak the game 
format or narrative, or to translate the game. 

Component 6: Game interface 

The principal components of the interface are the 
dashboard (a Worksheet) and the decisions screen 
(a UserForm), although it also contains other small 
dialogs and sheets to manage the beginning and 
end of the game. These include: a “Welcome” 
screen which introduces the game and allows 
players to name their basin; a tutorial, which 
explains how the game works and links it to a 
decision making framework; a summary of results 
displayed after each round of decisions; and a 
scenario sheet where players see the results of 
their decisions based on different climate scenarios. 
The dashboard has two functions: 1) to illustrate 
the decisions the players make and 2) to display the 
evolution of the indicator results (Figure 18). It 
also houses the buttons players use to start new 
games, continue the current game, and learn more 

about SimBasin. 

Players’ decisions are illustrated by way of a base map with icons which appear as the players make 
decisions (illustrating reservoirs, agricultural 
areas or protected areas, for example). The map 
also colour-codes the river reaches by degree of 
ecological alteration (Figure 17), and contains 
place-names so that players can locate the 
positions of proposed interventions on the map. 
The illustrations for the map were adapted from 
TNC publicity materials produced by 
PuntoAparte, a graphic design company. 

After these decisions have been simulated, the 
results are displayed on graphs indicating the 
value of the indicator over the years, the range of 
possible values, the threshold, and any forecasts 
the players have bought (Figure 18). 

Figure 18: game dashboard indicator graphs 

 

Figure 17: game dashboard map 
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The other part of the interface is the 
decision screen, a form which presents 
the decisions the players are to take 
and allows them to buy forecasts 
(Figure 19). This appears when players 
click “Continue” on the home screen. 
When players click “Go”, the decisions 
are implemented in the model, the 
model runs and the indicators are 
calculated. 

4.1.4. Future of the game 

Roadmap for the future 

This section has described the game as 
it was played in Bangkok and Delft, 
since this is what the bulk of the 
feedback relates to. However, the game 
is still in development as it will be used 
in further contexts in the future.  

The first application will be a water sector forum in Bogotá organised by Semana, a Colombian national 
magazine. This forum is part-funded by TNC, with the objectives mentioned previously: communicating a 
vision of the basin, publicising decision-making support tools and bringing stakeholders together. During 
the first phase of the workshop, the participants will be split into four tables, representing the four sectors 
in the game, and each team will play the game according to the priorities of the sector and using only the 
information available to that sector. In the next round, the tables will be mixed and given the objective of 
achieving a balanced development of the basin. Afterwards, the two rounds will be compared and the 
session will close with a press conference and be documented as a feature in the magazine. 

The game also has applications going forward. After the Thailand workshop there was a request to modify 
the game to match the water sector in Laos and translate the game into Lao, and also interest from other 
countries. It would be possible to develop a wizard which would enable the game to be more easily 
translated to new scenarios. However, this would only be worth doing if the game were to be transferred 
to many other contexts. 

Future improvements 

One suggestion for the game which resulted from the workshops was that the research budget available in 
the game should change depending upon development decisions (teams which achieve more hydropower 
and agriculture growth should receive a higher budget). This should reflect a development spiral where 
good development brings more investment which in turn leads to better future development. This would 
cause a greater distinction between sustainable and unsustainable development pathways which would be 
an important message for the game. However, some argued that this would not be realistic, as investment 
in research and development (R&D) is also affected by changing political priorities and not only 
development. 

To test this hypothesis, the correlation between research spending ($) and GDP ($) was calculated for 
Colombia and other countries around the world (where data was available). The data used came from The 
World Bank and were annual data series from 1996 to 2012. The results (Figure 20) show that whilst in 
Colombia the correlation is not particularly high or low compared to other countries, the correlation is 
nonetheless high. Therefore, it can be concluded that GDP has an important influence on R&D spend in 
Colombia and thus that it would be good to include this in the game. 

Figure 19: user decision screen from game 
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Figure 20: correlation of GDP and R&D spend (1996-2012) for Colombia compared to other 
world countries [data source: World Bank, 2015] 

Including this feedback in the game would be relatively easy. It could be done by using linear regression to 
find a relation between the sum of agriculture and hydropower production and R&D spend. It has already 
been found that R&D spend is correlated with GDP; if we assume that the summed agricultural and 
hydropower production is also correlated with GDP (a very reasonable assumption) then R&D spend and 
game production must also be correlated, and therefore such a relation should exist. Instead of being 
given a fixed starting research budget, the budget in the game would increase each year by an amount 
calculated by this relation. Then, the prices of the studies included in the game would need to be adjusted 

to suit the new budget. 

 Another improvement suggested 
was to disaggregate the river 
alteration indicator into several: 
deficits and surpluses in high and 
low flows. This has two benefits: 
the disaggregated indicators can be 
interpreted as ecosystem services 
(Table 14), underlining the 
message that natural systems have 
an important role in other sectors, 
and also the disaggregated 
indicators could be used in 
conjunction with ELOHA to 

estimate real, specific ecological impacts within the game. 

This capability exists within the game; however, it was disabled following comments that the game should 
not be made more complex. A possible way forward would be not to include the flow alteration 
components as indicators in themselves but to display messages about their impacts (declines in fish 
populations, for example). 
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Table 14: ecosystems services interpretations of flow 
alteration components 

Flow alteration component Ecosystem services interpretation 

Deficit in low flows Loss of drought regulation 

Surplus in low flows - 

Deficit in high flows Migratory problems for fish 

Surplus in high flows Loss of flood regulation 
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4.2. Question 2: what potential impacts could this game 
have on decision-making in the basin? 

To answer this question, two assessments should be made: of the success of SimBasin as a serious game 
and secondly, of its success as a capacity building strategy for sustainable basin management. As discussed 
in Methodology, this assessment was carried out using the closed questions method. 

4.2.1. Evaluation as a serious game 

As mentioned previously, the content of the game was evaluated by comparing the game narrative and 
model against real-life decisions, observed data and the calibrated TNC WEAP model. Here, these results 
are given and interpreted as the answers to the questions in Section A (repeated in Table 15 for clarity). 

To answer question A1, the decision-making landscape in Colombia was understood by consulting 
stakeholders at and outside TNC to determine the relevance of the decisions (Table 16). The results show 
that all the decisions in the game represent a real-life decision in Colombia. However, in these decisions 
the players are sometimes not acting as a single agency which confuses the message. This is due to 
decision making happening at different scales in real life but on one scale in the game. A strong point of 
the game here is that the players do not act as “God”, as in some simulation games (implementing what 
they like when they like) but must respond to the opportunities given to them by other sectors. 

Table 16: comparison of game decisions to real-life decisions 

Decision type (game) How decision is made (real life) 
Players acting 
as 

Construct new 
reservoir 

Private companies make proposals, which are approved or 
rejected by ANLA, to meet a total hydropower production 
set by XM (energy authority). 

ANLA 

Change operations of 
existing reservoirs 

ANLA decides to change terms of license; MinAmbiente can 
determine priority protection areas 

ANLA 

Construct flood 
protection dyke 

Regional corporations or municipalities propose it; 
permission may have to be granted. 

Municipality + 
regulating 
agency 

Table 15: Section A of closed questions battery for evaluating SimBasin 

Section A (content): check whether game represents the water sector and climate in the Magdalena-Cauca 
river basin, and whether the impacts of decisions implemented in the game are reasonable. 

A1: are all the decisions similar to decisions taken by water sector actors in Colombia? 

A2: are the seasonality and the water balance in the Magdalena-Cauca well represented in the game 
model?  

A3: does each decision have the positive impact it was intended to have? 

A4: are the negative side effects of each decision reasonable? 

A5: do strategies focussed on a specific sector perform worse than well-balanced strategies? 

A6: can players improve on the status quo by taking decisions? 

A7: do sectoral strategies really improve performance in those sectors? 
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Enlarge or shrink 
existing flood 
protection dyke 

Regional corporations or municipalities propose it; 
permission may have to be granted. 

Municipality + 
regulating 
agency 

Move dyke 
Regional corporations or municipalities propose it; 
permission may have to be granted. 

Municipality + 
regulating 
agency 

Change crops planted Farmers change in accordance with planning policies 
Regulating 
agency 

Change land 
management methods 

Farmers change in accordance with planning policies 
Regulating 
agency 

Protect natural areas 
MinAmbiente declares protected areas; local planning 
instruments may also do so 

MinAmbiente 
or local agency 

Restore natural areas 
MinAmbiente declares protected areas; local planning 
instruments may also do so 

MinAmbiente 
or local agency 

Expand agricultural 
areas 

Farmers change in accordance with planning policies 
Regulating 
agency 

 
Considering question A2, the water balances at three representative points (the lower Cauca, upper 
Magdalena and lower Magdalena) were compared (Table 17). This showed that the game model captures 
seasonality relatively well (the amounts of water are necessarily different, as the game catchments are 
much bigger than the representative catchments chosen from the original model). In the upper 
Magdalena, there are two marked rainy seasons, with fairly constant evapotranspiration and runoff to the 
rivers (the difference in precipitation is seen in soil moisture change).The game model has a general 
tendency to overestimate surface runoff and underestimate evapotranspiration. In the lower Magdalena, 
the game model again captures the two rainy seasons, with more evapotranspiration observed during the 
second than the first. However, in this case the comparison is more difficult as flooding is modelled in the 
game catchment but not the original model catchment (where flooding is modelled separately). In the 
Cauca, the single rainy season was captured. In this case, the game model slightly overestimated 
evapotranspiration at the expense of surface runoff.  

Considering that a satisfactory calibration of the model was not found, the representation of the hydrology 
of the basin in the game is not very accurate. However, the water balances indicate that the game model 
captures at least the general characteristics of the basin. 
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Table 17: comparison of water balances between the original and game models in three 
locations 

  

  

  

Legend 

  

Considering questions A3-A4, the game decisions comprising the narrative were tested individually (Table 

18). Most performed well; however, due to the thresholds used to represent river alteration, sometimes 
interventions had surprisingly small or large effects, depending on whether the system had been close to a 
threshold. The effect of dykes on downstream flood risk was not as large as expected, possibly because the 
spatial and temporal resolution of the model is not large enough to accurately represent the flooding. An  
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effect was also noted where the combination of a reservoir with intense agricultural development 
appeared to reduce alteration of the river. This is because reservoirs increase regulation and deforestation 
decreases it. This shows that ecochange is not always an accurate indicator of alteration, because despite 
the net effect being small, the timing of the flows within the river would still be altered.  

Answering questions A5, A6 and A7 involved playing the game with extreme scenarios, to test that they 
perform correctly relative to each other. These scenarios were: 

- Nature conservation: all decisions taken to protect or restore natural areas 
- Agriculture maximisation: no environmental protection; agricultural areas expanded where 

possible 

Table 18: performance of decisions within the game 

Decision type 
(game) 

Expected positive 
impact 

Performance Expected 
negative impact 

Performance 

Construct new 
reservoir (12 
reservoirs) 

Increase 
hydropower 
production 

As expected. 
Increase river 
alteration 

As expected. 

Change 
operations of 
existing reservoirs 
(12 reservoirs) 

Change 
hydropower 
production 

As expected. 
Change river 
alteration 

Effect on river alteration 
not always visible. 

Construct flood 
protection dyke (2 
locations) 

Reduce flood 
volume at dyke 
location 

As expected. 

Increase river 
alteration; 
increase 
downstream 
flooding 

Minimum downstream 
flood volume increases; 
maximum does not 

Enlarge or shrink 
existing flood 
protection dyke (2 
locations) 

Change flood level 
at dyke location 

As expected. 

Change river 
alteration and 
downstream 
flood volume 

Minimum downstream 
flood volume increases; 
maximum does not (for 
larger dyke) 

Move dyke (2 
locations) 

Change flood level 
at dyke location 

As expected. 

Increase river 
alteration and 
downstream 
flooding 

Minimum downstream 
flood volume increases; 
maximum does not 

Change crops 
planted (13 
locations) 

Change 
agricultural 
production 

As expected. 
Change river 
alteration 

Effect on river alteration 
not always visible. 

Change land 
management 
methods (13 
locations) 

Change 
agricultural 
production 

As expected. 
Change river 
alteration 

Effect on river alteration 
not always visible. 

Protect natural 
areas (13 
locations) 

Slow loss of forest 
or wetland; reduce 
river alteration 

Effect on river 
alteration not 
always visible. 

Reduce 
agricultural 
production 

As expected. 

Restore natural 
areas (13 
locations) 

Increase area of 
forest or wetland; 
reduce river 
alteration 

Effect on river 
alteration not 
always visible. 

Reduce 
agricultural 
production 

As expected. 

Expand 
agricultural areas 
(13 locations) 

Increase 
agricultural 
production 

As expected. 
Increase river 
alteration 

As expected (usually). 
Sometimes in 
combination with 
reservoir decreases 
alteration. 
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- Business as usual: no decisions implemented 
- Infrastructure maximisation: dams, water supply improvements and dykes constructed wherever 

possible 
- “Best” scenario: fewest penalty points 
- “Worst” scenario: most penalty points 

Each of these scenarios was played out and the accumulated sectoral scores and penalty points recorded 
(Table 19). In general, the scenarios performed as expected, although the success of the infrastructure 
scenario is misleadingly successful since second order environmental impacts are not included in the 
game. 

 Table 19: results of extreme scenario testing 

Indicator (end year) 

Nature 

conservation 

scenario 

Agriculture 

maximisation 

scenario 

Business as 

usual 

scenario 

Infrastructure 

maximisation 

scenario 

Best 

scenario 

Worst 

scenario 

Flood Town 

Upstream (Mm
3
) 

614 1 612 1 631 1 36 0 36 0 36 2 

Flood Town 

Downstream (Mm
3
) 

1005 1 996 1 1010 1 1022 1 1032 1 955 1 

Agriculture 

production  
$835B 2 $969B 1 

$908

B 
1 $908B 1 

$852

B 
2 $969B 1 

Hydropower 

production (M GJ) 
5 5 5 5 5 5 49 0 14 0 5 5 

River health 85% 0 80% 0 80% 0 75% 1 70% 0 75%  0 

Forest loss 68% 0 53% 1 53% 1 53% 1 68% 0 53% 1 

Wetland loss 100% 0 78% 2 78% 2 78% 2 78% 2 78% 2 

Urban water 

coverage 
59% 5 58% 5 58% 5 85% 2 85% 2 58% 5 

Rural water coverage 92% 0 92% 0 92% 0 92% 0 92% 0 92%  0 

Penalty points 14 15 16 8 7 17 
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These results provide sufficient information to answer the questions in Section A, as follows.  

A1: are all the decisions similar to decisions taken by water sector actors in Colombia? 
Yes, to some extent. All the decisions in the game do represent decisions taken by actors in the Magdalena-
Cauca basin. However, some have been simplified: no one actor is responsible for the construction of a new 
agricultural area, for example, as various legal and economic factors are brought into play. In addition, 
some important decisions, notably the effect of dredging for navigability and strategies against illegal 
mining, have not been included as insufficient information was available to calculate their impacts. 

A2: are the seasonality and the water balance in the Magdalena-Cauca well represented in the game 
model? 
Yes, more or less. In general, the game captures the essential features of the three zones, although the 
calibration could be improved.  

A3: does each decision have the positive impact it was intended to have? 
Yes. Each decision was tested and had the positive impact that was intended. The scale of these impacts is 
sometimes unpredictable for new players. For example, a dyke built after a small flood in one year may not 
reduce a large flood in a later year as much as the players expect it to. 

A4: are the negative side effects of each decision reasonable? 
Yes, as a rule. However, it was noted that sometimes combinations of strategies produced unexpected 
results. The largest example of this was where a reservoir was built on a reach of river altered by changed 
land use, and the alteration of the river was reduced. This is explained by the fact that reservoirs tend to 
reduce peaks and troughs in the flow whereas the loss of natural areas around the river had increased them 
by increasing the flashiness of the catchment: the two effects had cancelled each other out. This was 
removed from the game for Thailand by altering the decision sequence. However, it does show that flow 
alteration is not completely satisfactory as an indicator of riverine health and adds weight to the case for 
using the disaggregated indicators discussed previously. 

A5: do strategies focussed on a specific sector perform less well than well-balanced strategies? 
Yes. Testing (Table 19) showed that all the sector-specific scenarios performed less well than the optimal 
strategy, in most cases much less well. The exception was the “infrastructure maximisation” scenario. This 
could be attributed to the small effect that the proliferation of reservoirs had on the rivers. This can be 
adjusted by adjusting the alteration thresholds of the river. In addition, the next version of the game should 
include second-order impacts (impacts on land caused by river alteration) which would give a more 
complete picture of the impacts of these reservoirs. 

A6: can players improve on the status quo by taking decisions? 
Yes. Testing (Table 19) confirmed that maintaining the status quo gave a worse result than other 
strategies. This is important to give a sense of player control. 

A7: do sectoral strategies really improve performance in those sectors? 
Yes. Testing (Table 19) demonstrated that each sectoral strategy achieved optimum performance in that 
sector, even though on some indicators a balanced strategy could match the sectoral strategy. 
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4.2.2. Evaluation as a capacity building strategy 

To answer the questions in Section B 
(repeated in Table 20 for clarity), a workshop 
was held in Thailand, with facilitator 
feedback, game recordings and players 
questionnaires collected. The information 
gathered is presented below, followed by the 
answers to the questions. The feedback from 
the workshop in Delft was not included since 
few participants played the game. 

Recordings and facilitator feedback 

Detailed feedback was given by the game 
facilitators. They said that the participants 
enjoyed the “very fun” game session and 
were “making jokes all the time about the 
decision choices”. The players understood 
the content (the impacts of the game 
decisions) “very well” and the interface 
“relatively easily”. They liked the idea of 
buying studies “very much”. It seems the 
teams used this knowledge well: the teams 
with the best scores and worst scores spent 
the most and least on research. It was 
considered that SimBasin could be a “good 
tool for environmental education”. All the 
teams managed to complete the game, 
although it was mentioned that 30 minutes was too short for the gameplay session and that the last 
rounds were rushed.  

In general, the players were well engaged with the game. As they were modellers, some suggested taking 
extreme decisions to test the model behaviour. However, the groups generally chose “middle of the road” 
options. It was also noted that players sometimes developed complex narratives to explain impacts and 
decisions involving socioeconomic factors which are not modelled within the game. 

However, there were also some criticisms of the game. It was suggested that although the game was good 
for students and researchers, it would be “too complex” for non-specialists, and that the long runtime of 
the model would mean decision-makers would think they were “losing their time”. Other specific criticisms 
were that the penalty points system does not reflect the severity of failures and does not reward good 
decisions, and that the land cover change which happens during the game is not large enough to make a 
significant effect on the hydrological processes in the basin. The feedback also included specific 
suggestions for improving the game, given in Appendix G. 

Player questionnaire 

To obtain feedback from the players, a questionnaire was used (Appendix D). 27 of the 30 players 
answered the questionnaire. It consisted of five sections: 

1. About the participant  
2. Game experience (B1) 
3. Game contents (B6) 
4. In-game learning (B2 / B3 / B5) 
5. Knowledge transfer (B6 / B7) 

The results from these questionnaires are given below.  

Table 20: Closed questions battery for evaluating SimBasin 

(Section B) 

B1: was the game a positive experience for players? 

B2: were facilitators satisfied that the game met their 
objectives? 

B3: is there evidence that players gained new knowledge 
about the dynamics of the basin? 

B4: is there evidence that players gained new knowledge 
about uncertainty and the tools available? 

B5: did the game bring together stakeholders and 
stimulate discussions that would otherwise not have 
happened? 

B6: is there evidence that the knowledge gained is 
valuable and relevant to the participant’s work roles? 

B7: is there evidence to support the use of the serious 
game for the water sector? 

B8: does the will exist to use the game in other contexts? 

B9: do the game workshops provide advantages over 
other capacity building strategies? 
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About the participant 

The “About the participant” section collected information on whether the participants had played serious 
games before and on which sector they worked in. The participants were largely researchers, involved in 
the agricultural or environmental sectors (Figure 21). 10 had played serious games before, and 17 had not. 

 

Figure 21: word cloud of game participant occupations. Larger words indicate more common responses. 

Game experience (B1) 

The game experience was then assessed. This can be understood as an assessment of the game’s appeal 
and capacity to engage. It was done by asking players for an overall rating of the game experience, an 
assessment of how easy the various components of the game were to understand and by asking them to 
select words describing how they felt playing the game from a list.  

The response to the game was positive. 22 said that playing the game was a positive experience (Figure 

22), and all 27 responded that they would play the game again. The complexity of the game seemed to be 
well suited to the players. No “neither too complex nor too simplified” option was given on the 
questionnaire to avoid respondents choosing it as an easy option. Nonetheless, 18 of the 26 responses 
chose the two options straddling this, suggesting that the complexity of the game was well-pitched for this 
audience. However, in general the players found the game a little too complex, with 19 saying it was too 
complex as opposed to 7 saying it was too simplified. 

 

Figure 22: assessment of game experience and complexity 

As a complement to the feedback from the facilitators on the engagement of the players, the players were 
asked to choose words from a list to describe their feelings during the game. This list was: excited, 
learning, engaged, bored, happy, surprised, confused, relaxed, stressed, frustrated, focussed, interested, 
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other. The responses corroborated the feedback from the facilitators, who reported a high level of interest 
and engagement (Figure 23). 

 

Figure 23: word cloud summarising player feelings during the game. Larger words indicate more common 

responses. 

The informal testing session in Delft took place in a classroom with rows of desks facing a projected screen, 
and the results were very different, as the participants were not as engaged in the discussion. This shows 
that it is important to create an effective learning environment around the game. 

Game contents (B6) 

The game contents were assessed for relevance and fidelity to the reality of the water sector known by the 
players. This can be understood as an assessment of the game’s quality as a decision support resource. 
This was done by asking the players in which sectors they felt the decisions, indicators and forecasts used 
within the game were recognisable from the Mekong water sector. The results showed that the decisions 
were a better representation of the reality in the Mekong than either the indicators or forecasts, and that 
the game was strongest (most akin to reality) in the flooding, agriculture and hydropower sectors (Figure 

24). In general, the level of recognisability is low, although this can be partly explained by the fact that 
some participants left this section blank, others appeared only to answer from their own sector, and that 
the game was designed for the Magdalena, not the Mekong. 

 

 

Figure 24: similarity of game components to the Mekong reality 
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9 of the 13 respondents who answered the question “Do you feel your choices were well represented by 
the behaviour of the game?” said that they were. The rest felt that the game was something of a “black 
box” and that more explicit description of the relationships modelled should be provided, or that the game 
did not allow them enough flexibility to implement the decisions they wanted to. 

In-game learning (B3 / B4 / B5) 

In-game learning was also tested for. This can be understood as an assessment of the game’s capacity to 
teach. According to the principles of serious games, if the game is a good decision support resource and is 
engaging, it should be able to teach. The three main learning goals of the game were to inform about the 
conflicts in the basin, about the value of information, and the value of cooperation. 

The question “Did anything happen during the game which you didn’t expect?” was intended to test new 
learning and also see if there were any bugs in the game. 10 of the 21 responses to this question reported 
that nothing that happened during the game surprised them.  

New learning reported included:  

 “One decision solves one outcome but makes problems with another outcome” 

 “Difference between baseline scenario and impact scenario” 

 “We did not buy as much research as we should have” 

 “Combining decisions sometimes results in unexpected outcomes.” 

 “Quick decision can [be] made” 

  “Urban coverage low” 

  “Flood happens even when dike was built” 

The question “If you played the game again, what would you do differently to get a better score?” was also 
included to test new learning. 5 responded that they would buy more information; 2 that they would 
perform better given more time; 3 had specific suggestions based on their game experience; 3 would not 
change anything. 

 “I just play game one time, I think the experience in playing this game will help me make better 
decision. Currently, I have no ideas :(“ 

 “Yes. Protect less forests and wetlands and expand more agriculture.” 

 “Improve urban water coverage.” 

 “Pay more attention to urban supply.” 

To see if the game, emphasized the value of information, players were asked “Were there points in the 
game where you wished you had bought more information?”. 10 of the 14 who responded answered 
“Yes”, or commented that their group bought a lot of information and this helped them achieve a better 
score. One commented that “we went too much by feeling.”. 

To assess the player’s feelings on cooperation, they were asked if they felt that they could have achieved a 
better result alone than in the group. 8 felt that the group allowed them to reach better decisions, 6 felt it 
would have been better alone (to have more time to understand the decisions or because they didn’t 
agree with the group decisions) and 3 were undecided. Comments included:  

 “We can discuss together and we achieved better result” 

 “Group is better, more careful in selecting the choices” 

 “Depending on the group because hierarchy and politics can skew decision making” 

 “Better – more time to test scenarios alone” 

 “Perhaps [better alone], as compromises were made, but it would have been less real.” 

Knowledge transfer (B6 / B7) 

To gain insights into knowledge transfer from the game (the possible institutional benefits of gameplay), 
players were asked for their opinions on how valuable the session was to them professionally. Opinion was 
mixed as to whether the game was more or less valuable than a “regular” conference session, with 15 
respondents believing it to be more so and 10 believing it to be less so. Nonetheless, 25 respondents said 
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they would use serious gaming in their workplaces, and 20 said they would use the SimBasin game (Figure 

25). This is easy to say in a questionnaire. However, of the 20 who responded that they would use “this 
game”, 8 asked for more information after the workshop on adapting the game to their context and with 
one an agreement was reached on attempting to adapt the game (in Laos). 

 

Figure 25: player perceptions of the usefulness of the game 

The players were also asked directly how much potential they feel serious games have to support robust 
decision making. The responses to this question were interesting. Those who were playing a serious game 
for the first time tended to believe that serious games had much potential for robust decision making. 
However, those who had played before tended to believe that serious games had little place in decision 
making (Figure 26). 

 

Figure 26: player perceptions of the potential of serious games for robust decision making 

The appeal of the game (B8 / B9) was assessed by considering the results of the workshop and also of 
discussions with users. The game appears to be appealing to a wide variety of actors. Although primarily 
designed for TNC, it has attracted interest for application in a wide variety of applications: from SEI for the 
Thailand workshop; from Semana magazine for the September workshop; from a planning agency in 
Medellin (Colombia) for the elaboration of basin management plans; and by SEI in Laos for decision-
making training. 
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These results provided sufficient information to answer the questions in Section B, as shown below. 

B1: was the game a positive experience for players? 
Yes. The facilitators reported that the players had fun, and of the players, 81% said they found the game a 
positive experience and 100% said they would play it again. The most common words used by respondents 
to describe their experience with the game were “learning”, “interested”, “engaged” and “excited”. 

B2: were facilitators satisfied that the game met their objectives? 
Yes, in general. The feedback from the facilitators was positive, although some suggested that the game 
would be too complex for decision makers. However, it is difficult to apply this to the Magdalena-Cauca 
context as the game was designed for cooperation and the workshop in Thailand focussed on teaching a 
decision-making framework. 

B3: is there evidence that players gained new knowledge about the dynamics of the basin? 
Yes, a little. There was some evidence of new learning in certain sectors about the performance of the 
basin, particularly flood protection and unexpected negative outcomes. 

B4: is there evidence that players gained new knowledge about uncertainty and the tools available? 
Yes. Many respondents reported that they should have taken more steps to access information within the 
game. TNC’s tools were not publicised in this workshop as it was not in Colombia, however participants 
were exposed to general types of tools which exist in many countries. 

B5: did the game bring together stakeholders and stimulate discussions that would otherwise not have 
happened? 
Yes. The recordings and facilitator feedback suggested that the game stimulated more lively discussions 
than found in many workshops. In this case the game was not instrumental to bringing the stakeholders 
together (as they would have attended the workshop anyway) but in the workshop in September it will be. 
Learning about cooperation was a little off-message: a significant number of players felt they could achieve 
a better result individually than by cooperation. However, the format to be used for the workshop in 
Colombia should correct this by highlighting the difference between sectoral and balanced strategies. 

B6: is there evidence that the knowledge gained is valuable and relevant to the participant’s work roles? 
Not strong evidence. 40% of the participants felt that the game session was less useful than a regular 
session, and the similarity of the game components to the participants’ work lives was relatively low.  

B7: is there evidence to support the use of the serious game for the water sector? 
Yes. 80% of the respondents said they would consider using SimBasin to enhance basin management and 
the other 20% said they would consider other serious games. 50% of the respondents felt that serious 
gaming had very much or much potential in water management, although it was noted that this opinion 
was mainly found within participants who were serious gaming for the first time. 

B8: does the will exist to use the game in other contexts? 
Yes. New applications for the game have been found both inside and outside of TNC, which suggests that 
the game project is sustainable in terms of will to continue. However, funding would need to be found for 
the further development of the game 

B9: do the game workshops provide advantages over other capacity building strategies? 
Yes, some. The game has attracted a considerable amount of interest, above what could normally be 
expected for a capacity building workshop, and appears to engage players. However, there is not clear 
evidence that it is more effective for knowledge transfer than other methods and constructing the game is 
very time consuming. 
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4.2.3. Overall assessment 

Having answered the questions for this part of the assessment, SimBasin’s overall “scorecard” can be 
determined (Table 21). 

Table 21: “scorecard” for SimBasin as a serious game 

Section A (content): check whether game represents the water sector and climate in the Magdalena-
Cauca river basin, and whether the impacts of decisions implemented in the game are reasonable. 

A1: are all the decisions similar to decisions taken by water sector actors in Colombia? Y / N 

A2: are the seasonality and the water balance in the Magdalena-Cauca well represented in the 
game model?  

Y / N 

A5: does each decision have the positive impact it was intended to have? Y 

A6: are the negative side effects of each decision reasonable? Y / N 

A7: do strategies focussed on a specific sector perform worse than well-balanced strategies? Y 

A8: can players improve on the status quo by taking decisions? Y 

A9: do sectoral strategies really improve performance in those sectors? Y 

 

Section B (experience and appeal): check whether the game provides a positive learning experience for 
players and that their learning followed the three game objectives. 

B1: was the game a positive experience for players? Y 

B2: were facilitators satisfied that the game met their objectives? Y / N 

B3: is there evidence that players gained new knowledge about the dynamics of the basin? Y / N 

B4: is there evidence that players gained new knowledge about uncertainty and the tools 
available? 

Y 

B5: did the game bring together stakeholders and stimulate discussions that would otherwise 
not have happened? 

Y 

B6: is there evidence that the knowledge gained is valuable and relevant to the participant’s 
work roles? 

N 

B7: is there evidence to support the use of the serious game for the water sector? Y 

B8: does the will exist to use the game in other contexts? Y 

B9: do the game workshops provide advantages over other capacity building strategies? Y / N 
 

In conclusion, the game meets the objectives set out: to communicate knowledge about the basin, to 
emphasise uncertainty and the value of information, and to stimulate discussion and cooperation by 
bringing stakeholders together. The innovative part of the game is its treatment of information and 
uncertainty. 

Its strengths in content are that it shows that balanced strategies perform better than single-sector 
strategies, that is has a wide range of decisions and indicators, and that the qualitative relations displayed 
are correct. However, the calibration could be improved to give more realistic quantitative estimates of 
impacts, the narrative could be refined to bring it closer to Colombia’s reality, and the navigation and 
mining sectors could be included. 

In terms of user experience, the response has been positive, with participants enjoying the session and 
appearing to learn from it. Particularly encouraging was the enthusiasm from various people to use the 
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game in other contexts. However, there is still doubt about whether the knowledge gained during the 
session will really be transferred to the management of the basin. 

One important issue to highlight is that this game appears to catch people’s attention. The workshop in 
September will be held with high-level decision makers in conjunction with a national magazine, and it is 
supposed that a “standard” workshop or classroom style session would not have attracted the same 
interest. Therefore, even if a game is not the best way to communicate basin problems to decision makers 
in a room, it may be the best way of getting them into the room in the first place. 

 

Summary 

As proposed in the Introduction, a working serious game for integrated basin management in the 
Magdalena-Cauca basin was produced, answering the two key questions of this project. 

Q1. What could a serious game for integrated basin management in the Magdalena-Cauca look like? 
The game developed is an interface to a physically simplified WEAP model of a fictional basin which is 
conceptually and climatically similar to the Magdalena-Cauca, intended to be used in facilitated group 
workshops. It guides players through a fixed narrative of decisions which are simulated by WEAP as 
they are taken. Players also have the opportunity to buy forecasts and information to inform their 
decisions. The performance of the players is expressed through seven indicators, and the aim of the 
game is to maintain each indicator within an acceptable range. After the game, the decision sequence 
is simulated for two more climate change scenarios to promote a discussion of its robustness. 
 
Q2: What potential impacts could serious gaming have on basin management in the Magdalena-Cauca? 
As a serious game, SimBasin showed a reasonably good performance. It includes nearly all the content 
proposed at the beginning of the project, received positive feedback from its first testing workshops, 
and seems appealing as various other agencies have requested it for their own workshops. However, 
although the qualitative behaviour of the game is reasonable, the calibration of the underlying model 
could be improved to make the quantitative results more realistic. Improvements are in hand for future 
workshops. The game development was time-consuming compared to other capacity building 
methods, however the game does appear to have a certain drawing power, for example in the 
partnership with Semana where the drama of the game attracted media attention to what could 
otherwise be perceived as a dull topic. 
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This section expands on the answers to the research questions given in Results, 
considering their implications, strengths and weaknesses in the methodology, and 
new questions brought up during the work. It discusses the evaluation of the game 
carried out and puts the SimBasin game in the context of serious games and in the 
wider context of capacity building strategies. It also includes reflections on serious 
gaming both in the basin and in water management in general, fed by the experience 
gained. 

5.1. Question 1: what would a serious game for integrated 
decision making in the Magdalena-Cauca look like? 

The initial proposal for this project was to develop a conceptual outline design for the serious game. 
However, finally a working prototype was developed, which enabled more meaningful testing to be carried 
out. The game carries players through 30 years of the development of a fictional catchment, requiring 
them to make decisions regarding the hydropower, agriculture, flooding and conservation sectors. Here, 
SimBasin’s place within serious gaming is discussed, along with considerations of improvements and 
alternative development paths. 

5.1.1. SimBasin as a serious game 

Serious games work in very varied ways and are used for varied reasons. For example, “gamification” 
games work by making the repetition required for learning palatable (e.g. language learning apps), 
“simulation” games simulate dangerous situations to train fast decision making (e.g. military training 
games), “discussion” games create a social situation which promotes cooperation and discussion (e.g. 
SimBasin), and “exploration” games aim to increase learning by replicating the exploration process we go 
through as children (e.g. physics experimentation games). 

SimBasin is “discussion” game primarily designed for group learning. The goal is not to get participants to 
learn things they don´t know, but to bring them together to discuss what they do know (or think they 
know). In this way, a shared vision of the basin can be built. Another goal was to make the participants 
realise what they don´t know, and the value of information. SimBasin therefore belongs to the subset of 
games intended to produce emotive learning and facilitate discussion.  

Table 22 demonstrates that SimBasin is in many ways similar to other water management games: it is 
computer-based, complex, aimed at discussion support and awareness-raising and has a long time horizon. 
In some ways, it is outperformed by other games, notably in terms of richness of graphics and the 
simulation of second order impacts. However, the game explores certain possibilities which were not 
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found often in previously developed games. One was the focus on uncertainty and ranges of possibilities 
and the other was the focus on obtaining information for decision making. In general, the game focussed 
more on simulating the decision making process than on the basin behaviour. The idea was that 
participants come away from the workshop with a new perspective on decision-making rather than a new 
perspective on the basin. 

Table 22: SimBasin in the context of other water 
management serious games 
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Format Computer               

Table               

Complexity High               

Medium               

Low               

System 
boundary 

Environmental impacts               

2nd order impacts               

Context Individual               

Workshop               

Aims Discussion support               

Education               

Raising awareness               

Audience Public               

Stakeholder               

Visualisation 3D               

Maps               

Datasheets               

Narrative Linear               

Sandbox               

Architecture Soft-coupled (uses results)               

Hard-coupled (live model)               

No connection to model               

Uncertainty Yes               

No               

Temporal scale >10 years               

<10 years               

External change Yes               

No               

Application Surpassed objective               

Met objective               

Did not meet objective               

Unknown               
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Development in Microsoft Excel was used to allow rapid prototyping to be done. This enabled a working 
prototype to be developed and evolved several times within a tight time-frame. The prototyping process 
confirmed v. d. Hulst & Ruijsendaal’s claim that low-level design factors have a large effect on the appeal 
of the game. Changing colours or line types appeared to very quickly improve how people understood the 
game. However, compared to other water management serious games, SimBasin does not provide a very 
rich graphical experience or intuitive interface. To produce a professional-looking game, the game design 
team needs to interdisciplinary, involving software developers and graphic designers.  

A strength of the game is the flexibility designed into it. All the game “content” is kept separate from the 
scripts forming the game manager, and so one can translate the game, and change the images used, the 
narrative, and the explicative texts all without opening the script editor. This aided the prototyping process 
by allowing changes to be made during the testing session, and allowing the game to be easily translated 
(two versions of the game were used: Spanish for internal testing in Bogotá and English for the Bangkok 
workshop). Various storylines or languages can also be saved and interchanged. 

In the field of serious games and DSSs, there are several games and DSSs which were never used for their 
intended purpose (Schanze & Sauer, 2007). A strength of SimBasin is that although intended as a 
prototype it has attracted enough interest to be developed and used with the intended audience.  

5.1.2. Suggestions for improvement 

An obstacle with the development of the serious game was the unintentional overlap of the game 
mechanics and the content. Following (Lim, et al., 2012)’s Learning Mechanic – Game Mechanic (LM-GM) 
framework, learning takes place when a LM and a GM overlap. GMs alone are for “gamification” 
(increasing player engagement) and LMs alone are educational content not integrated into the game. 
However, within the SimBasin game, certain GMs intended to increase the appeal of the game could also 
be interpreted as having physical meanings (for example, failure thresholds or the equal weighting of 
penalty points in all sectors). This means players could leave with unintended conceptions. This is a difficult 
decision to make during the game design: to make the game engaging, these thresholds need to be 
challenging but achievable. Therefore, the threshold which produces a good game will probably not be the 
same as one which has a meaning in the real world. This is a limitation for using serious games in basin 
management, as realistic games may not be engaging and engaging games may give the wrong message. 

One suggestion from a workshop participant was to allow players to set the failure thresholds themselves 
at the beginning of the game. In doing so, they would “design” the basin they want to create. Players could 
be given a certain number of points to distribute over the game sectors to create their own set of criteria, 
instead of this being imposed upon them by the game. 

Calibration of the game was also an issue, as no satisfactory rainfall-runoff parameter set was found. This is 
disappointing but not surprising: the game model has approximately 10% of the complexity of the original 
model. If a satisfactory calibration could be found it would suggest that the other model was unnecessarily 
complex. However, the difficulty of creating a model which is both fast enough an accurate enough raises 
the question of whether using hydrological models for serious gaming is really the best way forward, and if 
a simpler, “man-made” set of causes and effects could not be used instead. 

 In addition, although input data for the game comes from real sources, data was not available to calibrate 
the size of effects (for example, on agricultural production) into the future. From the testing carried out 
the game appears to represent effects qualitatively and not quantitatively. However, since the game is 
aimed at one-time players who would not have time to absorb such detailed information in the game 
session, this may be relatively unimportant. This does exclude the game from being used for planning 
purposes (such as the Planning Kit game in the Netherlands, which was used to gain feedback on real 
proposed strategies). 

Another area for improvement was the time taken to run the model, which was perceived as “too slow for 
decision-makers” or “boring” by some participants. Apart from the obvious solution of using faster 
computers, various ways of speeding up the game could be explored. At present, the user scenario is 
simulated for 60 years. The first thirty years is required to calculate the stochastic hydrological alteration 
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indicator; the second is required to estimate the probability bands. However, if the hydrological alterations 
for each strategy or combination of strategies were precalculated and the model was “hot-started” (the 
end conditions of the first time period were stored and used as initial conditions for the next), only three 
years (one game round) would need to be run, instead of starting the model from the first year each time. 
Of course, writing the “hot-start” parameters out of and into the model also takes time, but this would be 
done in the background after the results were displayed, and since the players would be discussing the 
next round, the “flow” of the game would not be interrupted. The time required to estimate the 
probability bands could also theoretically be reduced, for example by replacing the final thirty years of the 
simulation with only the years which produce the extreme conditions (for example, the wettest and driest 
years). Combining these strategies could potentially reduce the simulation length from 60 years to 5, a 
considerable saving, and in addition the time-consuming calculation of ecological alteration would not 
need to be performed live. The trade-off is that the calculation of ecological alterations and selection of 
extreme condition years would be specific to each game narrative, and so the software would lose 
flexibility. 

Providing a “win condition” in the game was a prickly problem. Games require a “win condition” to 
motivate the players and provide a satisfactory conclusion. In this case, this meant providing an overall 
score, taking into account all sectors, and there is no way to do this without assigning weights to the 
sectors, which is necessarily arbitrary or a personal or political decision. A weighted average of normalised 
scores was ruled out, and the “penalty points” system was used, both to increase suspense during the 
game (it was noted that players became more worried about their decisions when they had a concrete 
threshold to meet), and to illustrate that the whole is more than a weighted average of the parts, due to 
tipping points. This still contains a large degree of arbitrariness (the equal weighting of the penalty points 
in all sectors and the position of the thresholds), but provided a more realistic and engaging game than a 
weighted average. 

In general, the response to the penalty points system was good, in that it motivated the players. However, 
some commented that there was no way for good decisions to be rewarded. Perhaps a better way to 
express the penalty points would be to award points for meeting demands instead of subtracting them for 
failing. 

Treating uncertainty in a robust yet easily understandable way was also a challenge. SimBasin includes the 
basis of the vulnerability-based robust decision making approach (which aims to take the decision which 
minimises the risk of sectoral thresholds not being met, instead of that with the best probabilistic 
performance). In the game, sectoral scores have an range of uncertainty and the overlap of this range with 
the threshold is understood as the vulnerability. This misses two important components: the uncertainty 
over the threshold, and the probability distribution of the uncertainty (Figure 27). Although the game 
could include these, there was already a feeling that it was too complex. In addition, no one participating 
in a single game workshop will get enough experience to learn the “size” of these uncertainties, and so it is 
acceptable that the game shows that vulnerability exists, and not the size of it. 

   

Figure 27: theoretical vulnerability-based approach (left) and its implementation in the game (right) 

To reduce these uncertainties, information is offered by the game, both “for free” and from the research 
budget. It has been suggested that serious games highlight gaps in a players’ skills or knowledge and 
therefore increase motivation to fill these gaps (Hofstede, de Caluwé, & Peters, 2008). The assumption 
was that by forcing players to pay for information in the game, the boundary of knowledge about the basin 
could be highlighted: players would see what is and what is not known about the basin.This is important as 
being aware of one’s ignorance is important in taking appropriate decisions (Kahneman, 2011). 
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However, it proved difficult to give an amount of information which was both meaningful in the context of 
the game and realistic in the context of the basin. The forecasts included in the game are clearly 
unrealistically accurate and the next version of the game should include “fuzzy” forecasts instead which 
represent the relative certainties with which demands and productions are known. 

An interesting possibility provided by SimBasin is the opportunity to control how much information a 
player sees, and when they see it. Players could play one round where they only see the performance in 
one sector, for example, or where they cannot see the threshold value, but only know when they have 
passed below it. In this way, the workshop design can emphasise the difference between different ways of 
managing the basin. 

5.1.3. Roads not taken 

Certain avenues were not explored due to the requirements of TNC, the requirement to write a substantial 
thesis or lack of time. For example, testing the WEAP model using the closed questions method assumes a 
reasonable level of knowledge about the expected causes and effects in the basin. Given that this 
knowledge is available, it is reasonable to assume that the WEAP model used as the basis for the game 
could be replaced by a stocks-and-flows model containing relations based on this knowledge. This model 
would run faster, resulting in smoother gameplay, and allowing more extensive testing and calibration to 
be done. That said, using the WEAP model does have certain advantages: the physical nature of the model 
means that things such as the total amount of water in the basin are controlled, avoiding unexpected 
feedbacks and results. 

Another objective not explored was the possibility of creating a “sandbox” game rather than a “linear” 
game (with a set sequence of decisions), due to the need to create a game with a shallow learning curve 
and the need to be able to control and predict the outcomes of the workshops to some extent. The 
architecture of the game means that this functionality could be constructed easily, but due to the 
increased complexity a lot more attention would need to be paid to making the interface understandable 
and so this type of game would probably require a professional software developer to be successful. The 
sandbox would certainly increase the richness of the game and probably the sense of control, which is 
important for player engagement (Hays, 2005). However, the current set up does have certain advantages, 
mainly the control given to the developers to set up narratives to tell the story they want to tell. 

Yet another alternative approach was to adapt an existing serious game to the context of the Magdalena-
Cauca. Suitable candidates would have been the Deltares Deltagame and DHI’s AquaRepublica, since these 
were developed with the aim of spawning different versions. This seems a very sensible approach, since 
the development of this game prototype was very time-consuming and using an existing game would have 
avoided a considerable duplication of effort. In this case, the concerns leading to the decision to develop 
the game from scratch were the uncertainty involved with working with a third party, timing, intellectual 
property rights, and freedom to develop a different game concept, particularly with regards to the focus 
on information. Given the academic nature of the project, developing the game from scratch offered 
useful experience. However, for other applications it is recommended to adapt existing games where 
possible. 

5.2. Question 2: what potential impacts could this game 
have on decision-making in the basin? 

5.2.1. Game evaluation and assessment 

As found in previous research, there was evidence that participants gained from playing the game but not 
substantial evidence to support a claim that the serious game was better than other methods of 
communicating the same concepts.  

The evaluation was structured following Kirkpatrick´s four-stage framework (“customer satisfaction”, 
knowledge gain, knowledge transfer, and organisational outcomes). In common with other serious game 
evaluations, evidence could be gathered to evaluate the first two stages; however, little information could 
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be gathered about the last two beyond subjective judgements from the participants. Although justifying 
the use of serious games with empirical evidence continues to be difficult, this is a limitation which also 
applies to other strategies with the same objective. As serious gaming is a new approach, there is more 
pressure to prove that it works. 

The “customer satisfaction” with SimBasin appeared to be high. Players were engaged with the session 
and some facilitators were keen to reuse the game. In addition, external stakeholders such as Semana 
magazine and planning departments in Medellín became interested in using the game. Given the 
comments various authors have made about serious gaming’s status as a “buzzword” and the feedback 
from Thailand showing players experienced with serious gaming felt it had less potential than did the 
“virgins”, this may well be due to the novelty of serious gaming. However, even if the “sex appeal” of 
serious gaming wears off in the future, the positive response it is receiving now makes it appear a good 
tool for attracting interest to water issues. 

Questionnaire responses indicate that players did learn something, at least immediately after the game, 
particularly about the role extra information could have played in their decision-making. The evaluation 
methodology could be improved here to include a questionnaire before the game; this was considered too 
time-consuming for the Bangkok workshop. An interesting point to note is that players discussed factors 
which are not represented in the game (economic factors for example). In one sense this is a great thing: 
the game is intended to stimulate discussion. However, there is a risk that players will be surprised to see 
these mechanisms not taken into account and that they will learn unintended things (as has happened in 
serious gaming before (Hofstede, de Caluwé, & Peters, 2008)). 

However, here the trail runs cold. Although it appeared that the connections and knowledge gained during 
the discussion session could be applied professionally and that the will to apply them was there, it was 
impossible to determine whether real knowledge transfer took place. Even more difficult to estimate are 
the outcomes at organisational level. 

This lack of a methodology to track game impacts from the game session through to the organisational 
level makes it difficult to confirm that serious gaming the organisational outcomes intended. However, this 
is also the case for all interventions aimed at causing organisational change, as the time scale of the 
expected impact is much larger than the timescale of the project itself and there are many confounding 
variables. As the focus for water management shifts towards organisational change in place of 
technological solutions, it will therefore become more difficult to evaluate, justify and compare strategies. 
An advantage of serious gaming within this landscape is that it is “fun”, different and attractive, which may 
be useful in attracting funding and support even where empirical evidence supporting it is hard to find. 

An additional shortcoming of the evaluation was that the game was tested in Thailand, and not Colombia. 
Since cultural factors have a large role in how serious games are played and used, more serious 
conclusions about the applicability of serious gaming to the Magdalena-Cauca cannot be drawn until after 
the game has been tested on decision makers in Colombia in September. 

5.2.2. Evaluation against organisational objectives 

This section looks at the potential impacts of the game at organisational level; in other words, to what 
extent it meets its objectives: providing information about the basin, emphasising decision support tools, 
and bringing stakeholders together. 

The game represents information about the basin in a qualitative way but does not always give 
quantitatively correct results, due to lack of time for development, lack of data for calibration and the 
desire not to overcomplicate the game. In any case, one-time use does not give participants time to get a 
real “feeling” for the size of the effects in the basin, so this is not necessarily so important. In addition, the 
target audience (decision-makers) should already have a reasonable understanding of the basin, so the 
game is for emotive and group learning. It should give some key messages, a shared vision, and a portrayal 
of the vulnerability of the basin. A particular message from the game is the ecological alteration of the 
rivers. 
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One of the aspects of the game the testers liked most was the chance to buy information within the game. 
This suggests that if the real-life sources of information were positioned in the game, the game could serve 
as a useful introduction to these sources, showing why they are needed. It is also valuable that the 
participants see how much is not known about the basin.  

The draw of the game is quite strong, which means that it may attract stakeholders to sit in the same room 
who otherwise wouldn´t have. This in itself is an achievement, as the informal interactions between 
participants are as important as the interactions within the game itself. However, it is not clear that the 
game as it was played in Bangkok conveyed the value of cooperation, as a substantial number of players 
felt they could have achieved a better score alone. The proposed workshop format for September aims to 
correct this by playing twice, once with inter-sectoral cooperation and once without, to highlight this 
message. If this works well, it would confirm (Wagner & Wernbacher, 2013)’s claim that the gaming 
environment is as important as the game itself.  

5.2.3. Serious gaming as a capacity building strategy 

Until now, this project has aimed to evaluate the success of the project against its objectives. However, 
this gains more meaning when benchmarked against other ways of achieving the same objectives. This 
section discusses serious gaming in general and SimBasin in particular in comparison with other capacity 
building strategies. 

Capacity building training strategies include networking events, virtual networks, knowledge banks, and 
training workshops (Global Water Partnership, 2013). Workshops have become popular due to their 
capacity to put people in the same room and stimulate discussions in a controlled environment. They 
usually mix presentations with interactive content and open discussion to ensure all participants are 
included. Workshops are not new; professionals in innumerable fields have experience with them. In fact, 
it is even possible to download an evaluation of a capacity-building workshop on capacity-building 
evaluation (UNFCCC, 2007). 

What do serious gaming workshops have that other workshops don’t? The experience provided during this 
project and reported by serious gaming enthusiasts contends that the game provides a sense of common 
purpose and motivation running through the workshop that holds other parts together. It keeps people 
engaged and forces them to work together. The emotion of the game makes the workshops more 
memorable. Doing something fun together makes it easier to connect with other people. The concept is 
“new and exciting” and makes attending the workshop more attractive. 

If we assume that workshops do indeed provide actual organisational outcomes, as their popularity 
suggests, and that serious gaming provides engaging workshops, as experience suggests, then we can 
expect serious gaming to have an impact at organisational level. 

However, serious game development is time-consuming compared to other workshop preparation 
methods. This leads to three recommendations for those considering serious games. Firstly, serious 
consideration should be given to the question of whether a similarly impactful workshop could be 
achieved in a simpler way. Secondly, an effort should be made to use adaptations of existing games where 
possible. And thirdly, developers of new games should not be overoptimistic about the possibility of 
adaptations of their game being used. Cooperation with other organisations carries its own risks and 
uncertainties and doesn’t always appear as attractive as it should do. 
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5.3. Research reflections 

These reflections are presented separately from the main argument of the Discussion as they do not come 
from the results presented in the thesis but rather from the conversations and thoughts during the 
project. 

5.3.1. First things first: Creating a desire for integrated water management 

It could easily be argued that the game is too simplistic or low-fidelity to provide a workshop that has any 
real benefit. What can policy makers learn in one three hour workshop that will make them unlearn years 
of professional experience? What use is a game which does not reliably simulate the scales of the impacts 
of different interventions? How can the game give stakeholders a better understanding of the basin if they 
only play once? Is there no less time-consuming way of producing an equally valuable workshop? It is 
difficult to point to a specific skill which is developed though use of the game. The main impacts of the 
game are social and emotive. Here a case is made for the value of tools which do not teach a particular 
framework but which do leave an emotional mark. 

To begin with, capacity building for integrated, adaptive management is very ambitious. “Capacity 
building” is very easy to include in a list of project objectives and sounds relatively painless. However, it 
actually involves trying to change the way a lot of very busy people do their jobs, in the face of other social, 
cultural, political and economic pressures. The problem is compounded by the fact that often those who 
want to improve decision making and those who actually make decisions work in different institutions. It is 
interesting to reflect on how scientists would feel if politicians arrived at their offices with new plans and 
frameworks for how they should do their jobs. 

In many cases a “build it and they will come” strategy is used. Academia produces tools and frameworks 
which make it easy to use the information they have. However, this does not mean that practitioners will 
actually use the tools. Learning to use a new tool is a significant investment of time which busy people do 
not have. Also, policy making institutions have to make policy decisions whether these tools are available 
or not. Therefore, they will have developed their own systems which they are reluctant to surrender to a 
new system, and most importantly of all, their decision-making processes will have been designed to use 
the information which was available when the process was designed. Therefore, there is no institutional 
“need” for this new information. 

In addition, more and more organisations are trying to improve the way environmental policy decisions are 
made, from outside. This has led to a proliferation of frameworks, conceptualisations and other tools, to a 
point where new frameworks are emerging very often. However, scrambling to implement the latest 
framework is not compatible with the stable, long-term planning processes the frameworks advocate. If 
one embarks on a 20-year plan-implement-evaluate framework in 2015, how does one reconcile that with 
a new framework introduced in 2020 and still manage to ensure the activities from the first cycle are 
completed? 

In short, a large number of decision-making aids have been developed, but it is unclear who has the will to 
seek them out and use them. In systems engineering, this type of problem is solved using the concept of 
“pull”. The basic idea is that if a process (and decision-making is a process) is well designed, each activity in 
it will be required by an activity downstream. The principle is that effort is “pulled” through the system and 
that there is no waste (activities not required by other activities). Processes are improved by mapping 
which “customers” each activity has. If an activity has no obvious “customer”, there are two ways forward: 
scrap it, or redesign the system so that is has one  (Oppenheim, 2011). 

The assumption of decision support tools is that the decision-making process would produce better results 
if they were used. Therefore, in this case the preference is not to scrap them but to generate the “pull” 
that will integrate them into the decision-making process.  

This is where I believe the emotional impact of serious gaming has a part to play. In a crisis, unlikely 
combinations of people are able to work together to overcome a common problem. Various reports 
suggest that we will face environmental crises in the future, due to climate change and shortages of 
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resources. As good decision-making is meant to avoid crises rather than react to them, the feeling of an 
impending crisis has to be generated before the crisis hits. Many of the messages contained in scientific 
reports should make disturbing reading, but are couched in such sterile language that they can be easily 
ignored.  

Consider this headline from the IPCC’s 2014 report for policy makers: 

“Continued emission of greenhouse gases will cause further warming and long-lasting changes in all 
components of the climate system, increasing the likelihood of severe, pervasive and irreversible impacts 
for people and ecosystems.” 

After thinking about it and digesting it, the message is sobering. However, reading these words doesn’t 
immediately leave one with a nervous feeling or a knot in the stomach or an urge to change things. 

Now consider these climate change images (Figure 28). Scientifically, they are not accurate. However, 
they are disturbing, and this disturbance is what may lead policy makers to seek out scientific advice to 
prevent this becoming a reality. 

 

 

Figure 28: climate change activism images [Source: top left to bottom right, IMDb.org, grist.org, 
theguardian.org, The Apocalypse Project. 2015] 

There is always a balance to be drawn between emotional appeal and scientific accuracy. Without 
emotional appeal, scientific messages are ignored by the rest of society; without scientific credibility, they 
are not trusted. Therefore, serious games appealing to the emotions could be a useful complement to 
more “serious” scientific work by helping to instil desire for change, healthy respect for the environment 
or fear of future consequences in decision makers, creating the “pull” discussed earlier and leading them 
to seek other scientific products. 

5.3.2.  “Life’s short, eat dessert first.”  

Colombia’s recent history is marked by violence. One water professional I spoke to remarked that when he 
was growing up, people couldn’t be sure that their property would still be intact or still be theirs in the 
next two months, and with this background, it is not part of the culture to plan five years ahead, let alone 
the 3o years or more recommended in water management frameworks. He argued that cooperation 
should be built through a series of short-term synergies as longer-term plans would not be implemented. 
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In contrast, many water consultants in Colombia are from the Netherlands, which has enjoyed relative 
political stability since the end of the Second World War. Since the main threat to safety in the 
Netherlands (the weather) is long-term and common to everyone, the Dutch have developed a more long-
term, participative view of planning.  

Therefore, the problems involved in exporting Dutch water knowledge to Colombia are obvious. The long-
term approach favoured by international organisations and exported by European water consultants does 
not ring true with Colombian decision makers, and I have heard frustration voiced from both sides over 
workshops which do not work and frameworks which are not implementable. 

And where does serious gaming fit into all of this? Whilst serious gaming is not an inherently Dutch 
approach, a large proportion of the serious games which exist and papers on serious gaming in the water 
sector come from the Netherlands. Since culture plays an important role in determining how participants 
react to games, it cannot be assumed that what works in the Netherlands works in the same way in 
Colombia, or in Bangkok, where the game was tested. On one hand, Dutch decision-making culture 
appears to me to be less hierarchical and formal than in Colombia, which would favour gaming. On the 
other hand, I heard from various Colombians that Colombia is a nation of storytellers, and serious gaming 
does appeal to the storytelling side of human nature.  

However well serious gaming works in Colombia, there and in the rest of the world, certain cultural factors 
remain an obstacle to integrated water management and these will not change in a human lifetime, let 
alone the lifetime of a serious gaming project. In this context, to attempt to change a culture from outside 
is at best naïve and at worst colonialist. 

So perhaps we are aiming at the wrong stakeholders. If the problems we face in water management are 
based in deeply rooted cultural aspects – our ways of viewing our natural resources and each other – then 
it may be too late for our generation, as we cannot seriously aim to change these cultural beliefs through 
capacitation programmes. Namibia, for example, has taken a different approach, aiming to build a “water-
conscious society”. There, capacity building begins with children. The idea is that a person who been 
taught to value and understand water as a child will later become a water-conscious professional in his or 
her field, or a water-conscious citizen, and the elusive “shared vision” of water resources will be built piece 
by piece. This appears to be a more long-sighted and sustainable way of achieving integrated water 
management, though it remains to be seen whether it will bear fruit in the future (van der Zaag, 2005). 
Serious gaming could of course play an important role in this approach. However, the game developed 
would be entirely different, as the context and audience would change.  

5.3.3.  “Where you don’t know, you don’t go.” 

While in Colombia, I visited the Sierra Nevada national park near the coast. Walking in the park I saw the 
creature pictured (Figure 29) lying in the hot sun on a dry path, and, thinking it was a kind of earthworm, I 
wanted to move it to the grass at the side so it wouldn’t dry out and die. To make sure, I asked the guide, 
and we had the following conversation: 

Me: “Is that a worm or a snake?” 
Guide: “It’s a snake.” 
M: “Is it poisonous?” 
G: “Yes.” 
M: “Which part is poisonous?” 
G: “The skin.” 
M: “Aaah. I was going to pick it up.” 
G: “Just as well you didn’t. In Colombia, where you don’t know, 
don’t go. Even I don’t take paths I don’t know here.” 

The words stuck with me. Here was a man who had lived and 
worked in these mountains most of a lifetime, and he still had a 
healthy fear of and respect for parts of it he didn’t know. And yet, 
it is very easy to sit in an office with the latest generation of 

Figure 29: threadsnake [source: 
herpsofttexas.org, 2015] 
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models and data at your fingertips and feel like you understand the complex socioeconomic systems and 
ecosystems which make up our water systems. Our advances in science have given us so much valuable 
understanding of the world we live in, yet they also blind us to how much we don’t know. For example, 
until recently climate change was not considered in development strategies. Now, we are beginning to 
include it in our development pathways, and so we feel prepared. However, we don’t know what the next 
climate change, the next nasty surprise, might be. 

Therefore, a realistic conception of the ignorance we take our decisions in can only lead to more 
conservative, robust decisions. Since serious gaming has been used successfully in the past for emotive 
learning, it should be useful in instilling in us a healthy fear of the unknown, to prevent overconfidence in 
our ability to predict and control impacts from leading us to adopt greedy policies which overstretch the 
planet and lead us into unknown ecological and climatic territory. To this end the second version of 
SimBasin (for the Bogotá workshop) will include more emotive imagery and a narrative with more 
surprises to remind us to be careful when we “go where we don’t know”. 

 

Summary 

SimBasin joins a community of serious games for basin management. Its focus on information is 
innovative; its strengths include flexibility and the fact that is will be used for its intended purpose. 
Suggestions are given for improving the game design, calibration, speed, scoring and treatment of 
uncertainty. Alternative development paths (not using hydrological modelling, creating a “sandbox” 
game, and adaptations of existing games) are possible. 
 
In common with other serious games, although there is evidence that participants enjoy and learn from 
the game, it is difficult to pinpoint potential organisational impacts. Nonetheless, it is considered that 
the game has the potential to meet its objectives, even if the sizes of its impacts are uncertain. 
Compared to other strategies, it is relatively time-consuming, so careful consideration should be given 
to the choice of capacity building strategy. 
 
The project gives rise to reflections on how a desire for integrated management can be created, how 
cultural aspects influence capacity building in general and serious gaming in particular, and how serious 
gaming can be used to communicate what is not known, as well as what is known. 
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Here, the Results and Discussion are synthesised to answer the two questions set out 
in the Introduction: 1) what could a serious game to promote integrated management 
of the Magdalena-Cauca basin look like? and 2) what potential impacts could this 
game have on decision-making in the basin?. This leads to a short discussion of the 
wider implications of the work for those involved in serious gaming or the promotion 
of integrated water management. 

As proposed, “SimBasin”, a serious game concept for the Magdalena-Cauca river basin, was developed. 
The development went further than the conceptual design originally proposed, and a working prototype 
was produced, which enabled a real testing session with stakeholders to take place. The experience gained 
from the game development and the testing session was used to answer the two research questions, as 
discussed below. 

Q1: What could a serious game for integrated management of the Magdalena-Cauca look like? 

A review of governance issues in the Magdalena-Cauca and the potential benefits of serious gaming 
indicated three suitable objectives of the game to be: to educate players about conflicts and trade-offs in 
the basin, leading to a shared vision of the basin; to highlight the role information and uncertainty play in 
decision-making and publicise the decision support tools available; and to bring decision-makers together 
and promote cooperation within the basin.  

To meet these objectives, the game was aimed at a target audience of high-level decision-makers, who 
would play the game in a facilitated workshop setting. The game itself is a basin-management strategy 
game played in teams over a 30-year period, involving the environmental, agriculture, hydropower and 
flood protection sectors. Players are led through a narrative during which they take decisions. The impacts 
of these decisions on the sectors mentioned are simulated by a simple WEAP model representing the 
Magdalena-Cauca basin and the players’ accumulate penalty points if they do not meet the required 
performance in the sectors. The “winning team” is the one which accumulates least penalty points. 

Implications for serious game developers 
- Match format with objectives and audience. “Serious games” is a very wide field, and they do not 

all work the same way. It should be clear from the outset if the goal of the game is to train a skill, 
highlight a fact or bring people together. This will make clear who the target audience should be, 
and indicate the correct game format. 

- Use rapid prototyping techniques. The serious gaming literature suggests that testing and 
incorporating feedback from an early stage is vital to the success of the game. To enable this, 
SimBasin was developed using Microsoft Excel as a rapid prototyping environment (many others 

CHAPTER 6  

Conclusions 
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exist). Testing the game frequently is also useful for raising its profile and attracting the publicity 
support the game will need if it is actually to be used. 

- The fastest way to prototype is to use someone else’s prototype. Developing a game is time-
consuming. People who have developed games know this, and are often keen to maximise the 
impact of their games by cooperating on adaptations. Although working with third parties 
increases project risk (the reason why SimBasin was developed from scratch), the time saving 
could be significant. For applications focused on stimulating discussions, adaptation may not even 
be necessary (the SimBasin game developed for the Magdalena was successfully tested in 
Thailand, for example). 

Q2. What are the potential impacts of SimBasin on decision-making the Magdalena-Cauca basin? 

The game has proved popular in both inside and outside Colombia: it will be used for a forum arranged by 
a national magazine in Bogotá, and there is also interest in using it for basin management workshops in 
Medellín. The team behind WEAP took interest in it which enabled a prototype to be tested on 
professionals in Thailand, and there is interest in developing a version for Laos. In terms of meeting the 
game objectives, this interest is very useful. In particular, the “drama” of the game session enabled the 
collaboration with the magazine, who have the weight to invite more powerful decision-makers than a 
scientific organisation may have, and a wide audience of readers. 

As proposed in the Introduction, SimBasin’s emotive and communicative appeal can be and is being used 
to raise the profile of basin management issues, to raise the profile of scientific organisations amongst 
decision makers, and as a catalyst for bringing stakeholders together. In other words, it can help to achieve 
the three objectives set out for it. 

However, the evidence for its success beyond being a publicity “hook” is not strong. There is evidence that 
players come away from the session with new ideas; however, in common with other serious gaming 
evaluations, little is known about whether this knowledge is transferred to players’ professional lives or 
results in a tangible organisational impact. This thesis joins the pile of studies which provide credible 
arguments for why serious gaming could or should work, but which cannot provide evidence to support 
the claim that it is more than a buzzword. 

Nevertheless, even if SimBasin’s success is due to hype, this hype can be harnessed, at least in the short-
term. Scientists need ways to create a sense of urgency around key issues and in this sense SimBasin can 
create dialogue and serve as a useful complement to “serious” decision support tools. 

Taking a broader outlook, the lack of evidence for organisational impacts afflicts most capacity building or 
organisational measures as their intended impacts are long-term and subject to numerous external 
factors. As such, it is difficult to say whether serious gaming is more or less effective than other traditional, 
“accepted” methods. As organisational measures are becoming preferred over technical measures, the 
way we compare and evaluate strategies may have to be rethought. 

Implications for promoters of integrated management 

- Avoid prejudice. Serious gaming is another tool on the shelf. It is not the solution to everything; 
nor is it simply a buzzword. There is not enough evidence to support a claim that serious gaming is 
a superior capacity building methodology; at the same time, many other, more “traditional” 
methodologies are implemented as standard without consideration of whether or not there is 
evidence for their success. The decision to use serious gaming should be made based on a 
consideration of the problem, particularly the synergies that could be created, for example with 
media organisations.  

- Link serious gaming to a larger strategy. Since serious gaming is popular and seemingly becoming 
more so, it can be effective in helping to build momentum. However, a plan should be in place for 
what to do with this momentum once it has been created. For example, SimBasin was created as 
part of a strategy to link TNC’s decision support tools to decision-makers. An integrated decision 
support system is currently being developed; SimBasin’s role is to generate interest in TNC, 
decision support tools and integrated management ahead of the launch of the system. 
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- Find ways to prioritise and evaluate organisational water management measures. Serious gaming is 
not the only organisational measure which suffers from a dearth of empirical evidence for its use. 
However, despite this, choices need to be made between different organisational measures. To 
this end, documenting and sharing experience in the sector continues to be extremely valuable. 

 

Summary 

Suitable objectives for serious gaming in the Magdalena-Cauca were identified as being to increase 
awareness of basin issues, promote decision-support and information tools, and facilitate cooperation 
and discussion. The game developed to do so is a basin management strategy game constructed in VBA 
based on a simplified WEAP model. Testing revealed evidence that the game session was both 
enjoyable and left participants with new ideas; less clear was whether these ideas were transferred to 
practice causing an organisational impact (in common with other studies of serious gaming applications 
and other organisational capacity building methods). Nonetheless, the game attracted enough interest 
to ensure the short-term sustainability of the project and to enable future application of the game with 
the target audience. 

Game developers should be clear from the outset what the audience and objectives of the game are 
and choose the format accordingly. The game development then proceeds iteratively, incorporating as 
much testing as possible. Thought should be given to adapting existing games where possible as 
opposed to building new ones from scratch. 

The experience indicated that lack of evidence for one approach or another is a common problem 
when selecting capacity building methodologies; thus, the serious gaming approach should be seen as 
just another tool on the shelf and selected based on its suitability for the application, not on the 
prejudices around it. To achieve an impact it is important to link serious gaming into a wider strategy. 





 

SimBasin: serious gaming for integrated decision making in the Magdalena-Cauca basin 73 

 

ABC Science. (2015). Catchment Detox. Retrieved Feb 23, 2015, from ABC Science: 
http://catchmentdetox.net.au/play-game/ 

Angarita, H. (2014). Metodología para incluir variabilidad climática y escenarios de cambio climático en el 
modelo WEAP de la macro cuenca del Magdalena y resultados de las simulaciones. The Nature 
Conservancy. 

Angarita, H., Wickel, A., Sieber, J., Delgado, J., & Purkey, D. (2015). Building climate change and basin-scale 
considerations into low-wetland systems of the Magdalena River Basin: a floodplain inundation 
model of the Mompos Depression, Colombia.  

Arnab, S., Lim, T., Carvalho, M., Bellotti, F., de Freitas, S., Louchart, S., et al. (2015). Mapping learning and 
game mechanics for serious games analysis. British Journal of Educational Technology, 391-411. 

Arsham, H. (2015). Tools for decision analysis: analysis of risky decisions. Retrieved January 11, 2015, from 
Dr. Hossein Arsham web page: http://home.ubalt.edu/ntsbarsh/business-stat/opre/partIX.htm 

Caftori, R. (1994). Educational effectiveness of computer software. Technical Horizons in Education, 62-65. 

Carlson, J., & Hill, K. (1982). The effect of gaming on attendance and attitude. Personnel Psychology, 63-73. 

Climate Interactive. (2015). C-Learn Simulation. Retrieved Feb 23, 2015, from 
http://www.climateinteractive.org/tools/c-learn/simulation/ 

Csikszentmihalyi, M. (1990). Flow: the psychology of optimal experience. New York: Harper & Row, 
Publishers. 

De Gloria, A., Bellotti, E., & Berta, R. (2012). Building a comprehensive R&D community on serious games. 
Procedia Computer Science, 1-3. 

de Jong, T., & Joolingen, v. (1998). Scientific discovery learning with computer simulations of conceptual 
domains. Review of Educational Research, 179-201. 

Deltares. (2015). Sustainable Delta game. Retrieved Feb 23, 2015, from 
http://www.deltares.nl/en/product/1518666/sustainable-delta-game 

Discovery Software. (2015). Discovery Software. Retrieved February 23, 2015, from FloodRanger: 
http://www.discoverysoftware.co.uk/floodranger.htm 

Dorn, D. (1989). Simulation games: one more tool on the pedagogical shelf. Teaching sociology, 1-18. 

Egenfeldt-Nielsen, S. (2003, November). Review of the research on educational usage of games. Retrieved 
from IT-C UK. 

CHAPTER 7  

References and Appendices 



 

References and Appendices 74 

 

FloodCom. (2015). FloodCom. Retrieved Feb 23, 2015, from http://www.floodcom.nl/#services 

Forni, L., & Galaitsi, S. (2015). Visualización de datos para asistir en la comunicación de modelos complejos 
a los tomadores de decisiones. Davis, CA: Stockholm Environment Institute. 

Gao, Y., Vogel, R., Kroll, C., Poff, N., & Olden, J. (2009). Development of representative indicators of 
hydrologic alteration. Journal of hydrology, 136-147. 

Global Water Partnership. (2009). Manual para la Gestión Integrada de Recursos Hídricos en Cuencas. 
London: Global Water Partnership & International Network of Basin Organizations. 

Global Water Partnership. (2013, April 16). Capacity Building. Retrieved August 10, 2015, from Global 
Water Partnership: http://www.gwp.org/fr/Our-approach/Capacity-building/ 

Great Rivers Partnership. (2015). Magdalena River Basin. Retrieved Feb 15, 2015, from 
http://www.greatriverspartnership.org/en-us/southamerica/magdalena/pages/default.aspx 

Greenblat, C. (1981). Teaching with simulation games: a review of claims and evidence. In C. Greenblat, & 
R. Duke, Principles and practices of gaming-simulation (pp. 139-153). Beverly Hills, CA: Sage 
Publications. 

Gutiérrez Roa, É. (2015, Jan 21). El desafío del medio ambiente en el posconflicto. El Espectador. 

Haasnoot, M., Deursen, W. v., Guillaume, J., Kwakkel, J., van Beek, E., & Middelkoop, H. (2014). Fit for 
purpose? Building and evaluating a fast, integrated model for exploring water policy pathways. 
Environmental modelling and software, 99-120. 

Hays, R. (2005). The effectiveness of instructional games: a literature review and discussion. Orlando: Naval 
Air Warfare Center Training Systems Division. 

Hofstede, G., de Caluwé, L., & Peters, V. (2008). Why do simulation games work? In search of the active 
substance. 

Human Factors Integration Technology Centre. (2007). Training decision making using serious games. UK 
Ministry of Defence. 

INRIA. (2015). Demos. Retrieved February 23, 2015, from Inria: 
http://www.inria.fr/en/innovation/industrial-sectors/energy-transport-sustainable-
development/demos/clim-way-the-serious-game-of-ecology 

James Hutton Institute. (2015). Retrieved Feb 23, 2015, from 
http://www.hutton.ac.uk/sites/default/files/flash/PipeDreams2.swf 

Kahneman, D. (2011). Thinking, Fast and Slow. London: Penguin. 

Klein, G., & Klinger, D. (1991). Naturalistic Decision Making. Human Systems IAC Gateway, 16-19. 

Leutner, D. (1993). Guided discovery learning with computer-based simulation games: Effects of adaptive 
and non-adaptive instructional support. Learning and Instruction, 113-132. 

Lim, T., Carvalho, M., Bellotti, F., Arnab, S., de Freitas, S., Louchart, S., et al. (2012). The LM-GM framework 
for Serious Games Analysis. Serious Game Society. 

Loucks, D. (2006). Modeling and managing the interactions between hydrology, ecology and economics. 
Journal of Hydrology. 

Mack, M., Preston, A., & Love, B. (2013). Decoding the brain's algorithm for categorization from its neural 
implementation. Current Biology, 2023-2027. 

Mayer, I., Bekebrede, G., Harteveld, C., Warmelink, H., Zhou, Q., van Ruijven, T., et al. (2014). The research 
and evaluation of serious games: Toward a comprehensive methodology. British Journal of 
Educaional Technology, 502-527. 



 

SimBasin: serious gaming for integrated decision making in the Magdalena-Cauca basin 75 

 

MDBA. (2015). Murray-Darling Basin Authority. Retrieved Feb 23, 2015, from 
http://www.mdba.gov.au/what-we-do/education/students/fun-and-games/run-the-river 

Medema, W., McIntosh, B., & Jeffrey, P. (2008). From Premise to Practice: A Critical Assessment of 
Integrated Water Resources Management and Adaptive Management Approaches in the Water 
Sector. Ecology and Society. 

Mekong Flows. (2012). TAMS. Retrieved Feb 23, 2015, from Mekong River: http://mekongriver.info/tams 

Microsoft. (2015, March 9). What's new for Office 2013 developers. Retrieved August 16, 2015, from 
MSDN: https://msdn.microsoft.com/en-us/library/office/jj229830.aspx 

Middelkoop, H., van Asselt, M., van't Klooster, S., van Deursen, W., Kwadijk, J., & Buiteveld, H. (2004). 
Perspectives on flood management in the Rhine and Meuse rivers. River research and 
applications, 327-342. 

MinAmbiente. (2012). Evaluacion multisectorial de la huella hidrica en Colombia. Bogota: MinAmbiente. 

Morris, R., & Holman, J. (1976). Simulation in Training. Industrial Training International, 241-243. 

Oppenheim, B. (2011). Lean for Systems Engineering with Lean Enablers for Systems Engineering. Hoboken, 
New Jersey: John Wiley & Sons. 

Pew Research Center. (2015). Question Order. Retrieved July 14, 2015, from people-press.org: 
http://www.people-press.org/methodology/questionnaire-design/question-order/ 

Pierfy, D. (1977). Comparative simluation game research: stumbling blocks and stepping stones. Simulation 
and games, 255-268. 

Popper, K. (1965). Of Clouds and Clocks: an approach to the problem of rationality and the freedom of man. 
St. Louis. 

Randel, J., Morris, B., Wetzel, C., & Whitehill, B. (1992). The effectiveness of games for educational 
purposes: a review of recent research. Simulation & Gaming, 261-276. 

Razavi, S., Tolson, B., & Burn, D. (2012). Review of surrogate modeling in water resources. Water resources 
research. 

Rittel, H., & Webber, M. (1973). Dilemmas in a General Theory of Planning. Policy Sciences, 155-169. 

Saleemi, O. (2011). Decision Making Environments. University of Hertfordshire. 

Schanze, J., & Sauer, A. (2007). Development of DSS for long-term planning - review of existing tools. 
FLOODSite. 

SEI. (2014, March). WEAP documentation. Retrieved July 15, 2015 

SEI. (2015). Climate, hydropower and wetland ecosystems of the Magdalena River Basin, Colombia. SEI. 

Senge, P. (2006). The Fifth Discipline: The Art and Practice of the Learning Organisation. Doubleday. 

Simons, K. (1993). New technologies in simulation games. System Dynamics Review, 135-152. 

Sutton-Smith, B. (1997). The Ambiguity of Play. Cambridge, Mass.: Harvard University Press. 

Thompson, J., Berbank-Green, B., & Cusworth, N. (2007). The computer game design course: principles, 
practices and techniques for the aspiring game designer. London: Thames and Hudson. 

TNC. (2014, February). Rio Magdalena. Retrieved July 27, 2015, from TNC: 
http://www.mundotnc.org/donde-trabajamos/americas/colombia/lugares/riomagdalena.xml 

UNEP-DHI. (2015). Retrieved Feb 23, 2015, from AquaRepublica: http://aquarepublica.com/media/ 

UNFCCC. (2007). Report on the expert workshop on monitoring and evaluating capacity-building in 
developing countries. UNFCCC. 



 

References and Appendices 76 

 

v. d. Hulst, A., & Ruijsendaal, M. (2012). Serious Gaming for Complex Decision Making. Proceedings of the 
1st international conference on pedagocically-driven serious games. Aachen: CEUR. 

van der Zaag, P. (2005). Integrated Water Resources Management: Relevant concept or irrelevant 
buzzword? A capacity building and research agenda for Southern Africa. Physics and Chemistry of 
the Earth, 867-871. 

Vickers, G. (1965). The Art of Judgement: A Study of Policy Making. Chapman and Hall: London. 

Wagner, M., & Wernbacher, T. (2013). Iterative Didactic Design of Serious Games. Foundations of Digital 
Games. Chania: Society for the Advancement of the Science of Digital Games. 

Willems, D. (2013). Water governance challenges in Colombia. Global Water Forum. 

Wolfe, J. (1997). Cognitive factors related to user involvement with computers and their effects upon 
learning from an educational computer game. Simulation & Gaming, 360-376.



 

SimBasin: serious gaming for integrated decision making in the Magdalena-Cauca basin 77 

 

Appendices 

Appendix A Review of other serious games 

Table A.1 List of other serious games 

 
Source: (Climate Interactive, 2015) 

C-Learn was developed by Climate 
Interactive to allow users to explore what 
will be required to limit CO2 emissions to 
different levels, using a scientifically 
rigorous model. Users control the year 
emissions stop growing, rate of reduction, 
and levels of afforestation and 
deforestation and see the effects on CO2 
levels, sea level, ocean pH and 
temperature. 

User inputs: 

 Afforestation / Deforestation 

 Year when CO2 growth stops 

 Reduction  
 
Simulation outputs: 

 CO2 concentration 

 Temperature change 

 Sea level rise 

 Ocean pH 

 Emission sources 

 
Source: (Mekong Flows, 2012) 

TAMS (Tonle Areas Management 
Scenarios) provides an insight into the 
interdependencies between Mekong’s 
seasonal flood regime and lake-floodplain 
ecosystems. The model is not calibrated 
but conceptual, based on stakeholder 
input, field data and literature. The 
simulation’s main purpose is to stimulate 
and inform discussion about the areas and 
to identify key issues. TAMS was 
developed by Dr Taber Hand as part of his 
PhD research. 

User inputs: 

 Population 

 Birth rates 

 Climate change on-off 

 Main Dams on-off 

 Tributary dams level 
 
Simulation outputs: 

 Fish harvest 

 Fish harvest economics 

 Fish biomass 

 Calorie intake 
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Source: (FloodCom, 2015) 

Floodcom is a board game used in 
workshops about flooding and disaster 
management in the Netherlands. The 
workshops involve players from different 
organisations to stimulate communication. 
During the game, different events happen 
and the players must collaborate to 
mitigate the effects.  

User inputs: 

 To implement flood measures 
 
Simulation outputs: 

 Flood events 

 Flood damage 

Source: (Discovery Software, 2015) 

FloodRanger was developed for the UK 
Office for Science and Technology. It uses 
a fictional landscape based on the south 
east of England, which users subject to a 
choice of climate and development 
scenarios. The user then has to meet 
certain housing and growth demands 
whilst limiting flood risk by placing cards 
representing development and flood 
protection options on the map. To do well, 
environmental health, public opinion, 
flood risk and insurance prices should be 
balanced. 

User inputs: 

 Flood development plans 

 Territory planning 
 
Simulation outputs: 

 Environmental health 

 Public opinion 

 Area of flood risk 

 Insurance premium 

 Water demand 

 Budget (limit) 

 Game score (objective) 
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Source: (Deltares, 2015) 

The Sustainable Delta Game from Deltares 
aims at simulating the effects of various 
climate adaptation pathways to allow 
participants to discuss possible actions 
and receive immediate feedback on their 
decisions. The game involves both paper 
and computer components. It aims to 
educate not only about the system itself, 
but also about the decision making 
process and how to develop robust 
policies in the face of uncertainty.  
The game aims to help policy makers 
experience the interplay between the 
social world and the water system, see 
different beliefs and values, change their 
own beliefs, and understand the system 
and what adaptation pathways are. 
 

User inputs: 

 Spatial planning 

 Flood mitigation options 
 
Simulation outputs: 

 Flooded areas 

 … 
Experience with the game 
The experience with the game showed 
that events in both the social and 
physical system are important for water 
management decisions. However, 
participants tended to react rather than 
anticipate. The chance to analyse 
multiple futures avoids regret and dead-
end decisions being taken. The two 
groups of participants used in the game 
seemed to compromise instead of 
choosing which position to take. This lead 
to middle-of-the-road decisions, which 
are riskier because a win-win can become 
a loss-loss, and also to inconsistent 
decisions. 
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Source: (INRIA, 2015) 

Clim’way was launched in 2008 by Cap 
Sciences and is considered one of the 
most successful ecology games to date. 
Users guide the development of a world 
containing residential, industrial, 
agricultural and recreational areas, trying 
to reduce greenhouse gas emissions. The 
game contains an “expo” module, and 
exhaustive repository of articles and 
videos providing information on the 
options available in the “simulation” 
module, where players play 50 year-long 
rounds to try and control greenhouse gas 
emissions and energy consumption. 

User inputs: 

 Policies (very large range) 
 
Simulation outputs: 

 Public authority points (limit) 

 Citizen points (limit) 

 Enterprise points (limit) 

 Greenhouse gas emissions 
(objective) 

 Energy (objective) 

 Information on options 

 
Source: (ABC Science, 2015) 

Catchment Detox is a water-focused 
territory planning game based on a 
fictional Australian catchment. Users 
choose land-uses on a grid and can then 
see the effects on budget, food supply, 
population, environmental health and 
water supply. These are aggregated into 
one game score. 

User inputs: 

 Land uses 
 
Simulation outputs: 

 Budget (limit) 

 Environmental health 
(environmental flows, water 
quality, catchment biodiversity) 

 Water status (water supply 
between optimum and min.) 

 Food production 

 Population 

 Aggregated score (objective) 
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Source: (James Hutton Institute, 2015) 

Pipe Dreams from the James Hutton 
Institute is based on a fictional catchment 
in rural north-east Scotland. The user can 
select from different land-uses (livestock, 
crops, forestry and natural vegetation) for 
10 land-use polygons, and then the 
simulation gives results for food security, 
economic growth and environmental 
quality. However, no feedback is given 
during the game, nor is much information 
provided about the impacts of land-use 
change. It is based on real calculations but 
very simplified. 

User inputs: 

 Land uses 
 
Simulation outputs: 

 Food security score (objective) 

 Economic growth score 
(objective) 

 Environmental quality score 
(objective) 

 

 

Source: (MDBA, 2015) 

Run the River, developed by the Murray-
Darling Basin Authority, is a mobile app 
which focuses on water resource 
distribution based on the real-life flow 
history of the Murray-Darling Basin. Flood 
years, drought years and demand growth 
happen as they did historically and players 
assign water to different users. Built in 
Unity (requires Unity web player to run 
online). 

User inputs: 

 Water allocation 

 

Simulation outputs: 

 Unknown 
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Source: (UNEP-DHI, 2015) 

Aqua Republica is a water simulation game 
template from DHI, which allows users to 
partner with DHI to create versions based 
on their individual requirements. The 
game is based on MIKE BASIN from DHI. 
Players designate land uses, and the water 
allocation is then calculated, and players 
receive points for food supply, energy 
supply, environmental quality and funds. 

User inputs: 

 Land uses 
 
Simulation outputs: 

 Food points (objective) 

 Energy points (objective) 

 Ecosystem points (objective) 

 Funds (limit) 

Source: Tygron, 2015 

The Climategame was developed to create 
shared understanding between 
stakeholders as they aim to make TU Delft 
climate adaptive. Each player takes on a 
particular role and has his own objectives 
but they need to collaborate closely to 
achieve a good final score.  

User inputs: 

 Planning 

 … 
 
Simulation outputs: 

 Liveability (objective) 
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Appendix B  Workshop participants 

Table B.1 List of workshop participants 

Name Description Mission 

TNC The Nature 
Conservancy 

Environmental conservation 

CAS, 
CORANTIOQUIA, 
CORNARE 

Autonomous Regional 
Corporations for 
Santander, Antioquia 
and the Basins of the 
Negro and Nare Rivers 

Regional organisations responsible for regional development. 

Secretaria del 
Medio Ambiente 
de Medellín 

Environment secretary 
of the city of Medellín 

Maintenance and improvement of the environment in 
Medellín. 

CorMagdalena Autonomous Regional 
Corporation for the 
River Magdalena 

River basin organisation responsible for managing 
navigability, soil conservation, energy generation, natural 
resource exploitation and fisheries, in a participative way to 
generate social, economic, environmental and cultural 
development. 

MinAmbiente 
(MADS) 

Ministry of the 
Environment and 
Sustainable 
Development 

Responsible for defining national environmental policy and 
promoting the recovery, conservation, protection, planning, 
management, use and exploitation of natural resources to 
achieve sustainable development and protect the right of all 
citizens to enjoy and inherit a healthy environment. 

IDEAM Institute for Hydrology, 
Meteorology and 
Environmental Studies 

Technical and scientific support to the National 
Environmental System, which produces information about 
the state and dynamics of the environmental system for 
decision making. 

UPME Mining and Energy 
Planning Unit 

Holistic energy and mining development planning, to support 
the formulation of public policy and coordinate sectoral 
information with other stakeholders. 

UPRA Rural Agriculture and 
Fisheries Planning Unit 

Generating criteria, regulations and instruments for decision-
making in the rural development, agriculture and fisheries 
sector. 

ANLA National Environmental 
Licensing Authority 

Ensure that the evaluation, monitoring and control of 
projects subject to environmental licensing requirements to 
achieve a balance between environmental protection and 
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development. 

Humboldt 
Institute 

Alexander von 
Humboldt Biological 
Resources Research 
Institute 

Promotion, coordination and realisation of research 
contributing to the understanding, conservation and 
sustainable use of biodiversity as a source of development 
and well-being for the population of Colombia. 

PNN National Natural Parks Conservation of Colombian ecosystems through the 
administration of the country’s national parks 

ASOCARS Autonomous Regional 
Corporations and 
Sustainable 
Development 
Association 

Coordination and representation of the Autonomous 
Regional Corporations and Sustainable Development 
Corporations 

AUNAP National Agriculture 
and Fisheries Authority 

Formation of agriculture and fisheries policy for research, 
planning, administration, regulation and monitoring of fish 
stocks, productive agriculture and social progress. 

MinMinas (MME) Mining and Energy 
Ministry 

Administration of Colombia’s non-renewable resources to 
promote efficient use, guarantee supplies and ensure 
environmental impacts conform to environmental 
regulations. 

ICA Colombian Agriculture 
and Fisheries Institute 

To ensure a healthy agriculture and fisheries sector and a 
reliable production of primary resources, and to promote 
Colombian agricultural products in world trade. 

Fondo 
Adaptación 

Adaptation Fund Construction, reconstruction, recovery and economic and 
social reactivation for the zones affected by the La Niña 
phenomenon in 2010 – 2011, both in mitigation and risk 
prevention. 

Humboldt 
Institute 

Alexander von 
Humboldt Biological 
Resources Research 
Institute 

Promotion, coordination and realisation of research 
contributing to the understanding, conservation and 
sustainable use of biodiversity as a source of development 
and well-being for the population of Colombia. 
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Appendix C Information sources available 

WEAP model of Magdalena – Cauca basin 

Brief description 

 

 

WEAP represents hydrological demands and 
supplies over the whole basin. Scenarios have 
been developed for different combinations of 
hydropower, ecological flow maintenance and also 
for climate futures. The WEAP model consists of 
one monthly-timestep model of the macro-basin, 
supported by three models modelling the Alto 
Magdalena (hydropower), Porce Nechí and 
Momposina Depression (wetlands) on a daily 
timestep (Figure 30). 

  

 
Spatial extent and 
scale  

Whole basin, divided into 284 pieces (lumped), each calibrated separately. 

Temporal extent 
and scale  

Into the future until 2030 (takes 3 minutes to run). Monthly.  

Scenarios  Baseline; two climate change scenarios; two hydropower scenarios; with or without 
environmental flow regulation 

Inputs (tool)  Parameters for all subcatchments, historical rainfall, predicted rainfall futures. For 
each piece it is possible to generate stochastic combinations of parameters. 

Inputs (user)  N/A 
Outputs • Water balance 

• Water resources (unmet demand, coverage, reliability) 
• Agricultural yield 
• Energy production 
• Hydrological alteration 

Weak points  Whilst valid for planning purposes, the model has several weaknesses. Groundwater – 
river transfer doesn´t take account of the variable head difference between the river 
and the aquifer. Reservoir simulation is subject to small conceptual errors and the 
operation rules cannot include feedbacks between the stored volume and user 
demand, for example. Hydropower plants are operated to meet a specified energy 
demand; they cannot be optimised to produce as much energy as possible. This 
optimisation is attempted in Excel and the results are used as energy demands. 
Conceptually, WEAP cannot be used for daily time steps as the transport time for the 
water is not considered. 

Figure 30: layout of coupled WEAP 

models developed by TNC [source: 
TNC, 2015) 
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ELOHA (Ecological Limits of Hydrological Alteration) 

Brief description 

 

 
Calculates 60+ ecologically-important statistics for 
daily flow time series (limited indicators can also be 
obtained for monthly time series).  Contains a 
database of classifications and hydrologies for river 
reaches (based on the IDEAM classification but 
more detailed), a database of relations between 
flow regime and ecology (in function of flow (high, 
low, seasonal), season and river reach type, and a 
database of alteration metrics. It compares the 
planned regime to the current regime to identify 
flow surpluses and deficits for each month and flow 
classification. These are compared to the list of 
ecological relations to produce a qualitative 
description of the ecological impacts of the project 
(Figure 31). 

 
Spatial extent and 
scale  

Covers whole basin, but each report is on a project scale 

Temporal extent 
and scale  

Daily “time step” (runs on rainfall events), time horizons of around 20 years 

Inputs (tool)  Daily flow series, river classification [and hydrology?], ecohydrological relationships, 
alteration metrics 

Inputs (user)  Planned operation regime 
Outputs  General: monthly means, annual maxima and minima (1, 3, 7, 30, 90 day means), zero 

flow days, mean and 7-day minimum baseflow, dates of minimum and maximum 
flows, number and mean duration of high and low flow pulses, rise and fall rates, 
number of hydrological reversals. 
Environmental flow components: duration, frequency, peak flow, timing, rise and fall 
rates of each kind of flow. 

Weak points  Complex process of classification, difficult to manage all cost-effect relationships. 

 

Hydropower by Design 

Brief description  Statistical / GIS system. For a proposed collection of projects, calculates a spider 
diagram of socioeconomic and environmental impacts in the flooded area, the effect 
on the connectivity of the network. 

Spatial extent and 
scale  

Basin 

Temporal extent 
and scale  

- 

Inputs (tool) Data layers containing social and environmentally vulnerable areas; river network for 
calculating connectivity 

Inputs (user)  Choose combination of projects 

 

Figure 31: yearly dynamic of freshwater 

ecosystem used as the basis for ELOHA [source: 

TNC, 2015] 
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Portfolio of freshwater ecosystems 

Brief description 

 

 
Static spatial layers (maps) showing priority zones, threat 
and natural value, recommended conservation activities, 
future scenarios (Figure 32). The idea is that high value 
ecosystems in good condition should be preserved and 
potentially high value but degraded ecosystems should be 
restored. As such, there are two “dimensions” in the 
classification: condition and (potential) value. A cluster 
analysis and principal component analysis considering 
climate, geology, hydrology and geomorphology resulted in 
a classification of the areas into 105 types. The position of 
the reach in the hierarchy of the river network is also 
considered. However, these factors are not evaluated 
themselves but by proxies (current and planned dams, 
roads, hydrography, wetlands, active flood area, 
geomorphology, urban areas, canalisation, intensive 
agriculture, percentage natural land cover). This is done by 
an automatic algorithm. However, the prioritisation is done 
by experts considering the presence of endangered species, 
biological corridors and such. 

 
 

Spatial extent and 
scale 

Whole basin 

Temporal extent 
and scale 

Static, includes future scenarios 

Inputs (tool) Spatial extents of priority areas 
Inputs (user) - 
Outputs Static maps of vulnerability, priority, recommended actions 
Weak points The prioritisation algorithm is not formalised and so therefore open to question, 

the proxy variables are also questionable. 

Other socioeconomic data available 

Brief description Layers are available, and are popular with stakeholders, showing basic socioeconomic 
data such as population, land use etc. This is used in conjunction with a project to 
monitor the implementation of mitigation projects. 

Spatial extent and 
scale 

Basin-wide 

Temporal extent 
and scale 

Updated on an ad hoc basis; static 

Inputs (tool) Various, from various sources 
Inputs (user)  - 
Outputs Interactive maps 

In summary, a wide range of information sources are available. Those most easily related to serious gaming 
applications were judged to be the WEAP model and ELOHA, as they relate to the simulation of single 
actions. Hydropower by Design is also promising but it would need to be simplified in terms of numbers of 
indicators and reservoirs to make it more user-friendly. 

Figure 32: interface to the freshwater 

ecosystems portfolio 
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Appendix D Bangkok participant feedback questionnaire 

 

Intentional blank 

  



Experiences playing SimBasin
Thank you for taking the time to answer this questionnaire. Your feedback is invaluable for 

improving the game and for assessing its potential as a tool for IWRM, and will form part of a 

research project on serious gaming.

*Required

Which of the following most closely describes the sector you work in? *

Mark only one oval.

Urban water supply

Rural water supply

Flood protection

Environmental management

Agriculture

Hydropower

Strategic planning

Research

Other

1. 

Have you ever played a serious game before? *

Mark only one oval.

Yes

No

2. 

How was your overall experience playing the game? *

Mark only one oval.

1 2 3 4 5 6

Negative Positive

3. 

Game experience

Are there any specific things you would change to improve the game?4. 

Experiences playing SimBasin https://docs.google.com/forms/d/153h6pOqJjwea9-MFY0U5Y31M5o...
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How did you find the complexity of the game? *

Mark only one oval.

1 2 3 4 5 6

Too simplified Too complex

5. 

How easy or difficult to understand were the following game components? *

Mark only one oval per row.

I understood

it immediately

I understood it

well after the

facilitator

explained it

I more or less

understood it

after the

facilitator

explained it

I did not

understand it

even after the

facilitator

explained it

Overall concept of

the game

Meaning of the 9

indicators

Indicator graphs

6. 

How did you feel playing the game? *

Choose up to three responses

Tick all that apply.

Excited

Learning

Engaged

Bored

Happy

Surprised

Confused

Relaxed

Stressed

Frustrated

Focussed

Interested

Other:

7. 

Game contents

Do you feel your choices were well represented by the behaviour of the game? Please

comment.

8. 

Experiences playing SimBasin https://docs.google.com/forms/d/153h6pOqJjwea9-MFY0U5Y31M5o...
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Were the decisions you were asked to make in the game similar to those which are

made in the water sector in your country? *

Check all the sectors where you recognise the game decisions from your professional life.

Tick all that apply.

Urban water supply

Rural water supply

Flooding

Wetland conservation

Forest conservation

River conservation

Agriculture

Hydropower

None of the above

9. 

Were the indicators used in the game similar to those which are used in the water

sector in your country? *

Check all the sectors where you recognise the game indicators from your professional life.

Tick all that apply.

Urban water supply

Rural water supply

Flooding

Wetland conservation

Forest conservation

River conservation

Agriculture

Hydropower

None of the other

10. 

Were the forecasts available in the game similar to those which are available in the

water sector in your country? *

Check all the sectors where you recognise the game forecasts from your professional life.

Tick all that apply.

Urban water supply

Rural water supply

Flooding

Wetland conservation

Forest conservation

River conservation

Agriculture

Hydropower

None of the above

11. 

In-game

Experiences playing SimBasin https://docs.google.com/forms/d/153h6pOqJjwea9-MFY0U5Y31M5o...
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Did anything happen during the game which you didn't expect? If so, what? *12. 

Were there points in the game where you wish you had bought more information? If so,

when? *

13. 

Do you feel you would have achieved a better or worse result playing the game alone

than in the group? Why? *

14. 

If you played the game again, what would you do differently to get a better score? *15. 

Knowledge transfer

How much do you think you gained from playing the game compared to a regular

conference session? *

Mark only one oval.

1 2 3 4 5 6

A lot more than a

regular session

A lot less than a

regular session

16. 

Experiences playing SimBasin https://docs.google.com/forms/d/153h6pOqJjwea9-MFY0U5Y31M5o...
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Powered by

How much potential do you feel serious games have to support robust decision

making? *

Mark only one oval.

1 2 3 4 5 6

Very much None

17. 

Would you use the game in your workplace to illustrate basin management concepts? *

Mark only one oval.

Yes, this game

No, but I would consider other serious games

No, I would not use serious games

18. 

Would you play the game again? *

Mark only one oval.

Yes

No

19. 

Experiences playing SimBasin https://docs.google.com/forms/d/153h6pOqJjwea9-MFY0U5Y31M5o...

5 of 5 15/07/2015 10:35
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Appendix E Game storylines and feedbacks 

Table E.1 Game storylines 

HYDROPOWER 
Construct “bad” reservoir Construct 

“good” 
reservoir 

Don´t construct 
reservoir 

Fish population / river health suffers Fish 
population 

remains 

Fish population 
remains or improves 

Do nothing Decomission damaging 
reservoir and increase 
production of another 

Decomission damaging 
reservoir 

Construct 
other good 
reservoir 

Don´t construct 
reservoir 

Fish population 
collapses 

Fish population recovers a 
little 

Fish population recovers a 
little; energy security 

suffers 

Fish 
population 

remains 
stable 

Fish population 
remains or improves; 

energy security 
suffers 

 

ECOSYSTEMS 
Do not protect areas Protect areas 

Ecosystems start to be lost / biodiversity loss Ecosystems do not suffer so much 
Do not restore areas Restore areas No need to restore 

Very large loss Can only restore small part; large loss Small loss 

 

AGRICULTURE 
Increase area  to 

increase production 
Intensify production 

in existing areas 
Change type of cultivation (e.g. 
silvopastoril) to produce more 

whilst not damaging ecosystems 

Invest in research in new 
agricultural methods 

Higher production; loss 
of ecosystems 

Higher production; 
more impacts on 

rivers 

Higher production; less 
environmental impact 

Change type of cultivation 
(new choices) to produce 
more whilst not damaging 

ecosystems 
Very expensive to 

restore later 
  Higher production; less 

environmental impact 

 

FLOODING 
Allow wetlands to be destroyed or disconnected Protect wetlands 

Increased flooding Less flooding 
Do nothing Build dykes Protect wetlands and 

implement measures to 
keep people out of 

floodplains 

Drastic measures not 
needed 

High flood 
damages 

A bit less flood damage; people move into 
floodplains as they feel protected; increased 

damage to rivers and wetlands 

Less flood damage long-
term; natural systems not 

damaged 

 

2015 

2045 

5 

2045 

5 

2045 

2045 

5 

2015 

2015 

2015 
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Appendix F Game instructions 

 

  



  Joanne Craven // Bogotá // 10.07.2015 

Thank you for volunteering to test this game. You will manage the basin from 2015-2030, taking decisions every three years. Your decisions will be 

simulated and you can see the impacts before taking the next round of decisions. Some things will change which are outside of your control, such as 

demands, climate, and loss of natural areas to agriculture, which will happen automatically unless you take steps to protect natural areas. 

I am interested in general feedback about the appearance and contents of the game, plus a note of any bugs (such as error messages, strange behaviour or 

unexpected results). I will then continue to improve the game and incorporate comments all of next week in advance of the workshop. 

Thank you very much again. The feedback from you is invaluable and will form an important part of my Masters thesis. 

Installation instructions: 

The game uses WEAP Version: 3.4394 

1. Save the “SimBasin15model” folder to your WEAP areas folder 

(“C:\Users\<YourName>\Documents\WEAP Areas”)  

2. Open WEAP and open the SimBasin16model area. Important! 

3. Open “SimBasinSEI6.xlsm” directly from Dropbox (or save it to another 

location which is NOT the WEAP Areas folder). 

If an error appears from WEAP, use the steps on the right to correct the 

connection to WEAP.  

Please ensure your version of WEAP includes the flooding module. 

WEAP registry fix 

1. Open command prompt using Run\ cmd  

2. Set directory to “Program Files (c86)\WEAP\  

3. Run “weap.exe\regserver” as administrator. 

4. Nothing should happen (WEAP should not open) if the process completed 

correctly.  

5. Close the console and reopen WEAP and the Excel file (not as 

administrator) 

If these steps do not help, WEAP should be reinstalled using the 

administrator account.  

 

Testing 

instructions 



  

  

Buying information 

You have a research budget which 

you can use to buy forecasts into 

the future. 

You can choose to forecast the 

future failure threshold (red zone) 

(ex.1) or the future value of the 

indicator assuming you do nothing 

(ex.2).  

The price changes depending on 

the type of forecast and how many 

years into the future it is. 

The results of the studies you buy 

will be displayed on the graphs on 

the home page. 

 

Example 1: hydropower 

future failure threshold 

Request: 

 
Result: 

 
 

Example 2: agriculture 

future value 

Request:  

 
Result: 

 
 

 

A. Gameplay 

Click "New game" 
and enter basin 

name.

Click 
"Continue"

Buy information 
- optional  (see 

box)

Take decision

Click "Go"

Review results

Click "Continue" 
to advance

1. The game 

The game will take you through 15 years of basin development, in 5 3-

year periods. At the beginning of each three-year period, you will be 

presented with three decisions which will shape the development of the 

basin. Once you take the decision, the impact of the decision on 9 

sectors will be simulated. 

Each sector is respresented by one indicator. You will see the values of 

these indicators change as your basin develops.  

For each indicator there is a threshold of what is acceptable. If you cross 

this threshold, you will accumulate penalty points. The aim of the game 

is to finish with as few penalty points as possible (the range of points 

possible is approximately between 3 (very good) and 20 (very bad). Most 

games result in around 12. 

 

To improve your decisions, you have a limited research budget with 

which you can buy forecasts into the future. 

 

Wait while WEAP 

generates scenario 

Decision and 

research options are 

displayed 

Information displayed on 

game graphs (see “Sectors 

and Indicators”) 

WEAP 

simulates 

decision 

If you do not meet 

thresholds you will 

incur penalty points 

2. Game process 

 



 

 

 

 

. 

 

 

 

 

  

Flooding Menstrie 

This village has a high flood risk. It could be 

protected but that may have impacts 

downstream. 

 

Flooding Alloa 

Downstream of Menstrie, this village is also at 

risk of flooding. 

3. Indicators 

Each sector is represented by 

one indicator. After you take 

each round of decisions, the 

game will calculate the 

indicators and they will be 

shown in a summary screen 

and on these graphs. 

Information on how these are 

calculated is available within 

the game (on the results 

summary screen). 

 

2. Penalty points 

Each graph includes a 

“failure threshold” in red. 

This could represent the 

demand for energy, an 

ecological tipping point for 

deforestation, for example. 

For every round that your 

basin does not meet the 

threshold, you will 

accumulate one penalty 

point. 

1. Sectors to manage. 

These are the sectors you must balance. 

B. Sectors and indicators 

Rural water coverage 

The availability of water in urban areas depends 

on changes in flow in the rivers, brought on by 

the climate or by changes in the basin, and the 

availability of precipitation. You can improve 

water coverage by repairing infrastructure to 

reduce losses. 

Urban water coverage 

The availability of water in urban areas depends 

on changes in flow in the rivers, brought on by 

the climate or by changes in the basin. You can 

improve water coverage by repairing 

infrastructure to reduce losses. 

Forests remaining 

During the game, the area covered by forests 

will decrease due to agricultural expansion 

unless you restore or protect them. 

River health 

As land use changes or structures such as dykes 

or hydropower dams are built, the flow regime 

of the river will be altered, with a detrimental 

impact on fish populations. 

Hydropower production 

You should produce enough energy to meet 

rising energy demands. However, building new 

hydropower plants will affect the health of the 

rivers. 

Agricultural production 

Agricultural production potential will increase 

during the game, and so will the demand. You 

can choose to increase or decrease this growth 

by permitting new agricultural areas or 

protecting natural areas. However, the climate 

affects how much you will produce in any 

particular year. 

Wetlands remaining 

During the game, the area covered by wetlands 

will decrease due to agricultural expansion 

unless you restore or protect them. 

4. Representation of uncertainty 

The game graphs display three things:  

 

  
 

If the real value falls into the red failure zone, you will incur 

penalty points. 

The grey zone represents the range of possible values of the 

indicator if you do not change anything. This represents 

climatic variability. 

Therefore, if the red and grey zones overlap, there is 

vulnerability: a possibility that the indicator value will fall 

within the failure zone and you will incur a penalty point. 

By taking decisions in the basin you can move the grey zone 

and reduce this  vulnerability. 



This section is intended to help the interpretation of the results of the decisions made. 

 

Flooding (Menstrie and Alloa) 

Indicator value: The indicator represents the volume of flood water entering the village during the 

worst flood event of the year. This may be high even in dry years because even when the total 

amount of precipitation is low, the rainiest event may still be large. 

Failure threshold:  the red threshold line (which you should try to remain below) represents the 

level of flooding the public are willing to accept. This stays constant in this trial version of the game. 

However, in real life this could be changed by implementing flood resilience measures, through flood 

zoning, flood proofing buildings, or insurance programes 

Impacts of decisions: to reduce flooding, you can build a dyke or protect the wetlands upstream of 

the villages, which increases storage of the flood wave. This may have a smaller effect than building 

the dyke but the impact on the river is also less. 

 

Agricultural production 

Indicator value: the maximum agricultural production in the basin is determined by the area 

available for agriculture and the type of crop or livestock it is used for. However, shortfalls in rainfall 

during the year mean that the actual agricultural production will be less. 

Failure threshold:  the failure threshold indicates the demand, which increases as the population 

increases. 

Impacts of decisions: the agricultural production will grow due to the expansion of agricultural areas 

included in the model. If you permit new areas or plant more intensive crops, you can speed up this 

increase. If you protect natural areas, it will slow down.  

 

Hydropower production 

Indicator value: the hydropower production can be increased by building new power plants. 

However, it will also be limited by water availability. 

Failure threshold: the failure threshold indicates the demand, which increases as the population 

increases. 

Impacts of decisions: building power plants will alter the rivers, reducing river health. However, 

some proposed projects have much larger impacts than others. 

  

C. Why did that happen? 



 

River health 

Indicator value: the indicator shows the percentage of river reaches with an alteration below a 

threshold. As more reaches of the river become altered, it becomes harder for the riverine 

ecosystem to survive. 

Failure threshold: when river alteration reaches the threshold, it is supposed that fish populations 

would start to collapse. 

Impacts of decisions: as land cover changes, the rivers will become altered. Infrastructure in the 

basin also affects the rivers. Dams remove the high and low flows from the river regime, which fish 

need to migrate and reproduce. Loss of wetlands and forests causes loss of river regulation, meaning 

that floods and droughts are more acute. 

 

Forests / wetlands remaining 

Indicator value: the % of forests or wetlands remaining compared to when you took over 

management of the basin. This will drop as the agricultural area of the basin expands. 

Failure threshold: the threshold is meant to represent the point at which it becomes difficult to 

recover the ecosystem. 

Impacts of decisions: protecting areas will slow the loss of natural areas, and restoring them will 

replace some of what is lost. However, restoration is expensive, so it is better to protect. 

 

Urban / rural water coverage 

Indicator value: this represents the % of urban water supply or irrigation demands met in the year. 

Failure threshold: the threshold represents the coverage level acceptable by users 

Impacts of decisions: changes in the basin affect the flow in the river near the demand sites. 

Coverage can be improved by improving infrastructure to reduce losses. 
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Appendix G Model subcatchment layout 

 

 

Figure G.1 Model subcatchment layout 
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Appendix H Game improvement suggestions from Bangkok 

 

Table H.1 Game improvement suggestions 

Suggestion Make change? Rationale 

Display baseline, last run and current values for 
comparison. 

Not now Need to find a way to display this without confusing the players 
more. 

Increase research budget in line with economic 
development. 

Not now Not necessarily realistic - does economic development or 
government spending policy change research budgets more? 

Simplify game for decision makers by grouping 
wetland and forest coverage as “natural vegetation”. 

Not now  

Allow players to take any decision at any time. Not now This would be nice. However it increases the unpredictability of 
the game narrative and then you need a way to limit the number 
of interventions the players make (like an investment budget  - 
see below). 

Allocate an investment budget as well as a research 
budget. 

Not now This isn’t in the game because in reality there is no one 
organisation that can spend money on whatever it wants (the 
money comes from lots of places), and because it is difficult to set 
realistic prices which still make different options viable. However,  
we could try doing it. 
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Suggestion Make change? Rationale 

Add legend to base map. Have done  

Extend game log to include penalty points and 
decisions not taken. 

Will do Need to think of a way to make this look understandable (it’s a lot 
of information). 

There are a couple of programming bugs if users do 
not use the software as expected. 

Done  

Bigger graphs or option to enlarge individual graphs. Will do These will be on big screens in Semana. In any case, it would be 
nice to be able to enlarge individual graphs, I will see if this is 
possible. 

Make clear in facilitator notes the difference between 
restoring forests and wetlands. 

Will do  

Make clear in facilitator notes if what effects 
reservoirs have beyond hydropower and river health. 

Will do  

Specify that reservoirs are for hydropower, not multi-
use. 

Will do  

Make land cover change clearer in the interface. Will do This will be clear and look nice when we have the illustrations 
from PuntoAparte (graphic design company) 

Include information about how the different climate 
scenarios were created. 

Will do  
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Suggestion Make change? Rationale 

30 minutes is not enough time to play the game, the 
session should be longer. 

Done The Semana workshop will allow more time.  

Limited variety of research studies. Will do The idea with Semana is that there would be more richness of 
information, for example priority ecosystems etc. 

Adapt game assumptions and baseline to local 
contexts and languages. 

Not now Would need to do this with specific partners for specific purposes. 
However, the software is relatively flexible. 

Put game on the web (SEI is developing a web-based 
WEAP server) 

Not now This is not a priority for the Semana workshop and since the game 
is designed for workshops with facilitators I doubt many people 
will want to sit at home alone and play it. 

Make the game board-based, not computer-based, as 
an ice-breaker. 

No I don’t think there is time to change the format; we already sold 
this format; and it looks more “impressive”. 

Random climate scenarios for each game. No Most people will only play the game once, and if we want to 
compare groups they need to play with the same climate. 

Add monthly hydrograph to interface Will do   

Change penalty points system to reward good 
decisions and allow players to recoup points lost 

Not now The penalty systems reflects the fact that some impacts cannot be 
undone. 

Change decision sequence depending on past 
decisions and indicator values 

Not now This would make the game richer and more interesting but was 
too time consuming to implement in the prototype 
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Suggestion Make change? Rationale 

Allow players to define thresholds at beginning of the 
game 

Not now Would be more in keeping with real decision making procedures; 
however, would not allow comparison between groups 

Provide summary of overall stategy at end of game Not now Would need to be meaningful and add something not already 
covered in the game log. 

 




