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A B S T R A C T   

French Polynesia is a French overseas territory extremely vulnerable to climate risks. However, local risk 
management strategies focus on crisis management to the detriment of long-term resilience strategies, without 
integrating the pre-crisis, crisis and post-crisis periods. Through a decision support process, a serious game, 
intended for local residents, has been developed within a risk and resilience observatory. The objectives of this 
serious game are multiple: to increase knowledge of risks and resilience in local communities; to develop an 
understanding of the systemic complexity of resilient risk management; to develop an entertaining and educa-
tional tool. This prototype has been developed and tested in French Polynesia. This prototype allowed the players 
to create links between their sensitive experiences and their theoretical knowledge, allowing them to associate 
these two dimensions for a better understanding, acceptance and adoption of complex notions, concepts and 
processes.   

1. Introduction 

In a context of climate change, island territories are increasingly 
vulnerable to the increase in frequency and intensity of risks (Heinzlef 
and Serre, 2019). French Polynesia is an atypical territory. A French 
overseas territory approximately 16,000 km from Paris, it benefits from 
an internal autonomy within the framework of the Republic (Fig. 1). 

Located in an inter-tropical zone, French Polynesia is extremely 
vulnerable to risks, including cyclones, floods, tsunamis (Serre and 
Heinzlef, 2022), sea level rise and landslides (Dominey-Howes and Goff, 
2013; Giardino et al., 2018; Jessin et al., 2022; Nunn, 2009; Oppen-
heimer et al., 2019). In order to prepare French Polynesia for the in-
crease of risks, their intensity, their recurrence and the uncertainties 
related to them, it is necessary to implement resilience strategies. The 
concept of resilience is defined as "the abilities and capacities of a territory 
and its population to put in place before, during and after a disruptive event in 
order to limit its negative impacts and to relaunch a dynamic afterwards" 
(Heinzlef, 2019; Serre and Heinzlef, 2018). This concept no longer views 
a shock as a negative element but rather as an opportunity for social, 
economic, architectural and political innovation (Heinzlef, 2020, 2019; 
Heinzlef et al., 2019; Serre and Heinzlef, 2018). This concept allows for 
the construction of a systemic risk management approach that can be 

adapted to territories that are part of a globalization dynamic. Although 
this concept is extremely relevant to accompany today’s modern and 
over-connected territories, the concept of resilience still faces limita-
tions (Alexander, 2013; Balsells et al., 2015; Meerow et al., 2016; 
Reghezza-Zitt et al., 2012). Among these limits, we can name the diffi-
culties of operationalizing the concept (Bahadur et al., 2015; Scherzer 
et al., 2019; Schipper and Langston, 2015; Sharifi, 2016). Often quali-
fied as a "buzzword" (Davoudi et al., 2012; Heinzlef et al., 2020, 2019; 
Shaw et al., 2014; Weichselgartner and Kelman, 2015), resilience re-
mains far too often at the level of general discourse and objectives of 
local managers and decision-makers, which limits its transcription into 
adapted, informed and localized strategies and actions. Since the 
concept of resilience is a complex topic for local actors to deal with and 
operationalize, many tools have been created to simplify, define, mea-
sure and attempt to operationalize this concept. The need to create de-
cision support systems makes sense in light of the abstraction of the 
concept (Aubert et al., 2018; Castellnou et al., 2019; Fox-Lent et al., 
2015; Garcia-Aristizabal et al., 2015; Terti et al., 2019). 
Decision-making consists of distinguishing several potential alternatives 
in a defined set of options, according to three types of problems (Roy, 
1985): i) choosing the best alternative, ii) sorting the alternatives, iii) 
ranking the alternatives according to an order of preference. In risk 

* Corresponding author. 
E-mail address: charlotte.heinzlef@uvsq.fr (C. Heinzlef).  

Contents lists available at ScienceDirect 

Environmental Advances 

journal homepage: www.sciencedirect.com/journal/environmental-advances 

https://doi.org/10.1016/j.envadv.2023.100467 
Received 10 October 2023; Received in revised form 13 December 2023; Accepted 13 December 2023   

mailto:charlotte.heinzlef@uvsq.fr
www.sciencedirect.com/science/journal/26667657
https://www.sciencedirect.com/journal/environmental-advances
https://doi.org/10.1016/j.envadv.2023.100467
https://doi.org/10.1016/j.envadv.2023.100467
https://doi.org/10.1016/j.envadv.2023.100467
http://creativecommons.org/licenses/by-nc-nd/4.0/


Environmental Advances 15 (2024) 100467

2

management, decision making is a complex combination of knowledge 
management and reasoning processes (Heinzlef, 2019). Decision sup-
port systems are defined as integrated computer systems designed 
"specifically for decision making" (Heinzlef, 2019). When territorial is-
sues are addressed, they are referred to as spatial decision support sys-
tems (SDSS). They combine spatial and non-spatial data, the analysis 
and visualization functions of geographic information systems (GIS), 
and decision models to build, evaluate, and produce solutions (Jan-
kowski et al., 1997; Jankowski and Nyerges, 2001). These spatial deci-
sion support systems were developed to address the limitations of GIS, 
such as the lack of modeling capabilities and the lack of flexibility of GIS 
to adapt to variations in the context or spatial decision making process 
(Heinzlef, 2019). 

Spatial decision support is therefore a computerized aid which assists 
the development, evaluation and selection of appropriate scenarios, 
strategies and interventions in the face of a spatial problem. The 
objective can be both to confront decision making on the long term 
(development strategies, risk management strategies, etc.) or on the 
short term (emergency situations for example). 

Despite the undeniable advantages of these decision support tools, 
their increasing multitude contributes to a new conceptual and opera-
tional confusion (Heinzlef et al., 2022). This is why a toolbox of spatial 
decision support systems in the form of a risk and resilience observatory 
has been developed in French Polynesia (Heinzlef et al., 2022; Jessin 
et al., 2022; Serre and Heinzlef, 2022). The objectives of this tool are 
multiple: “increasing knowledge of territorial risks, the acquisition, storage 
and enhancement of data related to risks and resilience and finally the 
integration of stakeholders in the process of reflection and implementation of 
resilience strategies” (Heinzlef et al., 2022). 

Among these objectives, the integration of local actors is essential. 
Many decision support tools have been developed upstream, before 
being presented and confronted with the experiences, needs and per-
ceptions of local stakeholders (Heinzlef et al., 2022, 2020; Heinzlef and 
Serre, 2020). In order to get out of a top-down relationship, participative 
and collaborative methods are progressively implemented in order to 
co-develop common knowledge (Clerveaux et al., 2010, 2008; Sol-
inska-Nowak et al., 2018), an equity of knowledge in order to favor the 
"acceptance and appropriation of solutions" (Toubin et al., 2015). This 
co-construction of knowledge allows to create bridges between 

experimental, theoretical, scientific and transformational knowledge. 
This transition has led to the importance of soft skills and the interest of 
developing serious games to develop and test them. Developing this 
serious game as part of a spatial decision support system meets several 
objectives: to develop a game dedicated to local residents and to help 
them understand and grasp the systemic dimension of the concept of 
resilience and the complexity of territorial management. 

In the first part of this article, we analyze the contribution of serious 
games to the operationalization of the concept of resilience. In the sec-
ond part, we describe a prototype of serious game developed, tested and 
implemented in the observatory of risks and resilience in French 
Polynesia. 

2. The use of serious games in risk management 

The advantages of using serious games in reflective processes have 
been proven on many occasions (Bellotti et al., 2010; Dörner et al., 2018; 
Yamori, 2007). Serious game can be defined as games “in which edu-
cation (in its various forms) is the primary goal, rather than entertain-
ment” (Michael, 2006). In this context, education is understood on a 
board dimension. Serious games, whether they are board games, digital 
games, simulation games, modelling games, etc., are now identified as 
tools that support the processes of education, learning, communication, 
awareness raising, knowledge sharing, invention, and collective and/or 
individual involvement (Aubert et al., 2018; Boyle et al., 2014; Khoury 
et al., 2018; Mossoux et al., 2016; Teague et al., 2021). The active 
dimension of the learning process of serious games also increases their 
effectiveness. In the Montessori principles of experimentation (Mossoux 
et al., 2016), it was determined that in a traditional group, about 5 % of 
the information was retained during a classical reading, and 75 % of the 
information was retained during practical activities (Solinska-Nowak 
et al., 2018). In a game context, players are engaged, challenged, 
innovative and, thanks to the secure environment of the game, can leave 
their comfort zone, make decisions, build strategies, interact, assume or 
deconstruct their beliefs, etc. In collective games, this allows for con-
flicts of interest to be overcome and to progressively build a consensus, a 
common vision and a collective investment (Bellamy et al., 2018; 
Hamari and Keronen, 2017; Mossoux et al., 2016, 2016; Teague et al., 
2021; Tsai et al., 2020; Turkay and Adinolf, 2012). 

All these advantages of the use of serious games have gradually 
allowed for their integration in the field of risk management. Indeed, the 
game environment allows players to be situated in a safe and reassuring 
framework while allowing them to explore the diversity and complexity 
of risk management, as well as the different temporalities associated 
with it (Solinska-Nowak et al., 2018)- before the crisis (preparation), 
during the crisis (crisis management), after the crisis (recovery, 
relaunching of activity, learning, resilience). Placing players in an un-
certain, stressful, urgent situation, while creating a playful environment, 
encourages risk-taking, innovation, experimentation, competition or 
sharing, testing and experimenting with theoretical and scientific 
knowledge, but also emotional and sensory experiences. This process 
allows to come out of the game experience grown up and mature. These 
skills - soft skills - developed will serve as a useful common reference in a 
real situation. 

In the panel of serious games associated with risk management, not 
all risks and audiences are investigated, and some are prioritized (Fig. 2) 
(de Ruiter et al., 2021). 

Moreover, if the general consensus is to produce risk awareness 
(Cremers et al., 2015; de Ruiter et al., 2021; Gampell et al., 2020; Mani 
et al., 2016; Mossoux et al., 2016; Rumore et al., 2016; Taillandier and 
Adam, 2018; Terti et al., 2019), the objectives are primarily : education 
in general, being prepared, participation, team-building and communi-
cation (Solinska-Nowak et al., 2018). 

In this panel of saerious games that are part of the risk management 
field, the majority of games focus on vulnerable populations, in regards 
to the risk of flooding and in a general educational purpose 

Fig. 1. Identified distribution of risk management skills in Polynesia, adapted 
from (Bourlier, 2023). 
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(Solinska-Nowak et al., 2018). Serious games rarely involve the concept 
of resilience (Marome et al., 2021; Olivares-Rodríguez et al., 2022; 
Villagra et al., 2023). The few methodologies that have approached the 
concept of resilience through the prism of serious games have focused on 
the risk of earthquakes, fires and landslides (Olivares-Rodríguez et al., 
2022; Villagra et al., 2023), water resources (Teague et al., 2021) and 
agriculture in a context of climate change (Neset et al., 2020). These 
serious games have a desire to translate the concept and integrate it into 
a game from a perspective of decision support, awareness, understand-
ing and adoption. It is in this perspective that we place our research. Our 
aim is to develop a serious game applied to a Tahitian commune, to 
develop knowledge and understanding of the concept of resilience in its 
systemic dimension, but also to understand the complexity of a local 
actor in its territorial management purposes and needs. 

3. Methodology 

3.1. Tahiti case study 

French Polynesia is confronted with many risks, primarily marine 
submersions (Carson et al., 2016; Cazenave et al., 2018; Horton et al., 
2018; Nurse et al., 2014; Serre and Heinzlef, 2022), tsunamis (Schindelé 
et al., 2006; Shao et al., 2019; Sladen et al., 2007) and cyclones (Can-
avesio et al., 2014; Larrue and Chiron, 2011). Marine submersion refers 
to the temporary or long-term invasion of coastal areas by the sea, 
resulting in flooding and possible changes to coastal morphology, due to 
the dynamic action of waves. This risk can be caused by floods, storms, 
tsunamis and cyclones. It’s a very common risk, and one that occurs 
regularly. The latest available data on sea level rise show that this rise, 
which varies widely between regions, has been occurring at a rate of 1.2 
cm per year over the last 20 years in the eastern Pacific region. By 2100, 
it could be 50 cm to 1 m, increasing the risk of marine submersion. 
(Service public de polynésie française, 2019). To prepare for this 
growing risk in Polynesia, since January 1, 2023, all new buildings have 
been required to be elevated: 50 cm in green zones, and one meter in 
blue zones. For this reason, our prototype focuses on this particular risk. 

However, risk management in French Polynesia is mainly focused on 
crisis management and very little on the construction and imple-
mentation of resilience strategies (Bourlier, 2023). Indeed, the man-
agement is punctual, at the moment of the crisis, but provides little 
adaptation on the long term. For example, in all of French Polynesia 
there are only two Flood Risk Prevention Plans, one of which is in Tahiti 
and is constantly being questioned. Furthermore, the prospective aspect 
is absent in PPRs, even in regions where climate change action seems to 
be a priority. Last but not least, the Polynesian government, despite its 

competence in this domain, does not have an insurance scheme put in 
place in the event of a crisis (Bourlier, 2023). This lack of administrative 
tools leads to an exponential urbanization, without integrating the 
principles of precaution, adaptation and resilience. Therefore, there is 
no systemic vision, no decision-making coordination and no long-term 
projection of risk management. This limited approach is also 
explained by the two-headed system between the French and Polynesian 
States (Bourlier, 2023), resulting in a difficult balance between depen-
dence and autonomy. As a result, the concept of resilience is not well 
known and not integrated in risk management strategies, neither at the 
level of decision makers nor at the level of the inhabitants. 

This is why the objective of this study is to develop a serious game, 
with a marine flooding risk scenario, aiming to increase the knowledge 
on risks, resilience and illustrate the systemic dimension of a resilient 
and long-term risk management strategy. 

3.2. Limitations and practical choices 

Even before the game was designed, the goal was to select the 
specificity of the game. Serious games are divided into several large 
families, including board games and digital games. In French Polynesia, 
the digital coverage and access to computer tools is not identical in all 
the archipelagos. 34 % of individuals have a fixed computer in the so-
ciety archipelago (including the island of Tahiti), and only 8 % in the 
most remote archipelagos. Concerning access to fiber internet, 13 % 
have access in the society archipelago and 3 % in the most remote 
archipelagos (Direction Générale de l’économie numérique, 2019). 
Therefore, to develop a game prototype adapted to the reality of the 
Polynesian terrain, the choice was made to first develop a board game. 
Furthermore, the game is designed as a one to one, the player facing the 
facilitator. The objective is to create a space of confidence for serene 
exchanges. 

The game prototype was developed and tested during the COVID19 
health crisis. Because the population was extremely vulnerable, testing 
the game with residents proved to be very complicated. In order to 
disseminate the knowledge of the game to as many people as possible, 
the choice was made to first test the game with Master’s students from 
the University of French Polynesia. The game was tested with 18 stu-
dents, thus we accomplished 18 sessions. The facilitator did not know 
the students personally. They came from different backgrounds: ecol-
ogy, geography, hard sciences and law at the master level. Testing this 
game prototype on a university campus proved beneficial for several 
reasons: the students were in a learning environment, the diversity of 
profiles could illustrate the diversity of knowledge present in a popu-
lation, their ability to share their learning within their home allowed for 

Fig. 2. Main publics and risks included into serious game, adapted from (Solinska-Nowak et al., 2018).  
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the gradual distillation of desired information. 

3.3. Serious game design 

3.3.1. Objectives and scenario 
The objective of the development of the game was to increase the 

knowledge of the participants in regards to risks, the concept of resil-
ience and to allow them to experiment with the systemic complexity of 
the resilient management of a territory. To do this, the players had to 
take on the role of a mayor of a Tahitian commune. The aim of this role- 
playing is to help residents understand the systemic complexity of risk 
management. In this way, they will be able to apprehend the complexity 
of the issue and become more involved in their territory. Thus, the 
notion of individual and collective responsibility required for resilient 
and sustainable risk management can be initiated. The commune in 
question was the commune of Punaauia (Fig. 3), part of the agglomer-
ation of Papeete (main city of French Polynesia). It concentrates urban, 
socio-economic, technical, ecological and political issues. 

The player (the mayor) is confronted with the risk of marine sub-
mersion. He is faced with choices representing the pre-crisis, crisis and 
post-crisis periods. The mayor’s goal is to increase the resilience of his or 
her community by balancing and harmonizing choices while managing 
the budget. Resilience is divided into 6 categories: social, urban, eco-
nomic, technical, ecological and governance dimensions (Cutter et al., 
2014, 2010; Heinzlef et al., 2019; Jessin et al., 2022; Lamaury et al., 
2021; Serre and Heinzlef, 2018). These resiliencies are divided into 
sub-categories, aiding in the comprehension of the concept of resilience 
by integrating the temporal notions of risk management: before (prep-
aration), during (reaction) and after (adaptation). 

3.3.2. Materials 
The game is composed of several elements. Action cards are a center 

point of the game (Fig. 4). These action cards propose two situations to 
the players. Each choice is linked to a resilience or resiliencies, 

impacting them positively and/or negatively. The players however, only 
know at the end of the game the impact of their choice on the different 
resiliencies, through the use of “consequences cards” (Fig. 5). These 
cards are divided into three groups covering the three temporalities of 
risk management: "pro-active" action cards, "post-active" action cards 
and "reactive" action cards. In the reactive cards, "bonus" cards are also 
integrated. They make the link between the choices of the pro-active and 
post-active phase and to illustrate the consequences of certain choices on 
the long term. 

Associated with these "action" cards, a group of "luck" and "bad luck" 
cards are integrated (Fig. 6). These cards are supposed to represent the 
uncertainties and unpredictability of crisis situations. The aim is to po-
sition the player in a process of rebound, learning, creativity and inno-
vation, in order to overcome an unpredictable and uncertain situation. 
Both types of cards are located in the same deck and integrated within 
the "action" cards. These disruptive events are inspired by real events: 
power outages on the island, the COVID period, past events such as 
hurricane OLI or heavy rains, etc. Drawing them is therefore a random 
way of illustrating the impossibility of preparing for everything, and the 
need for adaptation and over-adaptation. The aim is also to represent the 
unexpected risks that can arise at any moment and take managers by 
surprise. 

In order to illustrate the decrease and increase in resilience as a 
function of choices, "tokens" have been developed to visually represent 
the impact of choices. These tokens represent increases or decreases of 
0.5, 1 or 2 %. This also allows the player to readjust his decisions as 
needed (Fig. 7). 

Along with these cards, a general information document was 
distributed. The objective is to explain the concept of resilience through 
the explanation of 6 categories, the major risks in French Polynesia, and 
key references for the general public. The facilitator explains the 
document and its purpose, but leaves it to the player to read it before the 
game begins. 

Finally, two questionnaires were constructed thanks to a google 

Fig. 3. The case study territory. Adapted from (Bourlier, 2023).  
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form, one to acquire data on:  

• Age,  
• Gender,  
• Socioeconomic background,  
• Place of residence,  
• Time spent in French Polynesia,  
• Risk and resilience culture. 

The second is composed of the same questions, combined with a 
"perception and experience of the game" category, to acquire feedback 
from players: 

Examples of Questions:  

• Questionnaire 1: Before the Game  
○ How old are you?  
○ What is your level of education?  
○ How long have you lived in French Polynesia?  
○ In which commune?  
○ In your opinion, what are the two major risks in Tahiti?  
○ How do you feel about the risk of flooding? 
○ What information and forecasts are there concerning marine sub-

mersion in Tahiti? 
○ What measures should be taken in the event of a marine submer-

sion warning?  
○ What is the tsunami warning signal?  
○ What structures and developments can amplify the phenomenon of 

marine submersions in Tahiti? 

Fig. 4. Examples of "actions cards".  

Fig. 5. Examples of consequences cards.  
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○ What temporality(ies) are involved in the concept of resilience?  
○ Tick the 4 criteria you consider most important for a territory to be 

resilient in the face of natural hazards.  

○ Which actor(s) or service(s) should be integrated into a resilient 
territorial management of the risk of marine submersion?  

• Questionnaire 2: After the Game 

Fig. 6. Examples of "Luck" and "Bad luck" cards.  

Fig. 7. Examples of tokens.  
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○ Same questions than questionnaire 1  
○ Define territorial resilience as you understood it at the end of the 

game.  
○ What would you change to be better prepared for a sea flood?  
○ Did the workshop help you understand the concept of territorial 

resilience?  
○ Did the workshop give you a better understanding of how a 

commune is managed?  
○ Did you find the workshop entertaining? 

3.4. Rules 

The rules of the game are read to the players by the facilitator before 
the experiment begins (Fig. 8) 

3.5. Flow of the game 

The game is played face-to-face between the facilitator and the 
player. The facilitator is part of the game development team, but is not 
responsible for methodological and development choices, types of 
resilience, card impacts, etc. They are therefore relatively neutral and 
non-judgmental. The idea is to create a relaxed and trusting atmosphere. 
The fact of not having to express oneself in front of others can make one 
feel more at ease, freer to ask questions and express doubts or mis-
understandings. The game is organized in several phases. 

• Phase 1: Consists of the first questionnaire. The objective is to ac-
quire data on the players’ profile in order to build player typologies 
and identify potential gaps that could be linked to identified profiles.  

• Phase 2: The second phase consists of reading the information 
document. The facilitator remains a resource for the player, but does 
not try to complicate the information given by the document.  

• Phase 3: The game phase (Fig. 9). The player rolls the dice. The 
number on the dice indicates the number of the card. Depending on 
the choices, the player increases or decreases certain resiliencies as 
he goes along. The facilitator is seen as a resource, to answer ques-
tions if necessary. The facilitator observes, and notes the choices as 
they are made by distributing the resilience tokens. During the game, 
the facilitator repeatedly questions the player’s perception of the 

consequence of the choice. This allows the facilitator to note the type 
of resiliency the person was hoping/thinking would increase with 
these questions. In this way, a sample of the players’ real preferences 
is collected. This can be compared with the scores to assess the 
representativeness of the players’ thinking through the game. A 
maximum of notes are also taken during the workshop: the players’ 
reactions to the roll of the dice, the comments made during the in-
teractions, the time taken to think about the choices, the questions 
asked, the interest shown in the concept, etc. The game ends with the 
resilience scores being reported on a "rubric". The total duration of 
the game is 30min.  

• Phase 4: The last phase consists of the second questionnaire to 
illustrate the learning dimension of the game, the perception, the 
experience and the usefulness of the game experience. This is the 
debriefing phase. The facilitator launches an informal discussion of 
the game experience, learning processes and feelings. Topics such as 
the attractiveness of the game, the perception of game duration, the 
game experience, the learning dimension, etc., are addressed. The 
second questionnaire is used to guide the questions and provide 
statistical data on the individual experience of the game. This phase 
lasts around ten minutes, depending on the player’s needs. 

4. Results 

The results are acquired both by observation, by the answers to the 
questions and by data from the questionnaires. These results are based 
on 18 players. 

4.1. Resilience priorities 

Regarding the prioritization of the different categories of resilience, 
the priorities made during the discussions and the priorities actually 
made during the game are extremely diverse. The choices made during 
the game are globally balanced. The players managed to balance the 
different resiliencies and did not prioritize one or the other. Neverthe-
less, we observe a prioritization of the governance dimension and 
choices at the expense of economic resilience (Fig. 10). 

In contrast, the results from the discussions with the facilitator 
illustrate a clear prioritization of the ecological dimension of resilience 

Fig. 8. Rules of the Game.  
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(Fig. 11). 
There are several reasons for this distinction. In the collective mind, 

resilience is associated with environmental protection. Moreover, the 
students involved in this iteration of the game are mostly students 
involved in studies related to "environmental" themes. Regarding the 
data from the game itself (choices related to the maps), the dominance of 
"governance" can be explained by the scenario of the maps themselves. 
Certain card options could lead to a preference for governance. As for 
the low rate of "economic" resilience, this can be explained by the 
limited psychological association between resilience and the economy. 

4.2. Learning dimension of the game 

This learning ability was analyzed following the results of the two 
questionnaires, to compare pre- and post-game time frames. Regarding 
the "risk culture" dimension, there is a clear improvement in the correct 
answers after the game. In response to questions such as "What measures 
should be taken in the event of a marine submersion warning?", "What 
structures exist in Tahiti to limit marine submersion?", "What structure 
(s) or development(s) can amplify the phenomenon of marine submersi 
in Tahiti?", the answers improved significantly. Globally in the section 
“risk culture”, the percentage of correct responses increases from 46 % 
on the first questionnaire to 64 % on the second. This is an increase of 18 

Fig. 9. Pictures of the game.  

Fig. 10. Priority choices by resilience category - choices made during the game based on the cards.  
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% (Fig. 12). 
Regarding the understanding of the concept of resilience, the pro-

pensity to learn is also high. In response to questions such as: "What 
timeframe(s) does the concept of resilience incorporate?", "Choose the 4 
criteria you feel are most important for a territory to be resilient in the 
face of natural hazards", "Which actor(s) or service(s) should be inte-
grated into a resilient territorial management of the risk of marine 
submersion?” the answers improved significantly. Globally in the sec-
tion “resilience concept”, the percentage of correct answers increased by 
40 % between the first and the second questionnaire (Fig. 13). 

This increase in knowledge is not only factual but is also perceived 
directly by the players. Players intrinsically perceive the exponential 
dimension of their knowledge. They also perceived and apprehended the 
systemic dimension of the management of a commune (Fig. 14). 

Regarding the players’ perception of the different importance of the 
resilience categories, this aspect also evolved. In the first questionnaire, 
the hierarchy between the resilience categories was very disparate 
(ranging from 3 % to 26 %). In contrast, the importance given to the 
resilience categories is more balanced, ranging from 8 % to 20 % 
(Fig. 15). 

Finally, concerning the experience of the serious game as such, the 
players appreciated the playfulness and the temporality of the serious 
game. Regarding the possibility of reproducing the experience, the 
players are all inclined to play again (Fig. 16). These results underline 

the quality of the experience, the appreciation of the time spent, the 
knowledge acquired and the desire to continue this learning process via 
other media or on other occasions. 

5. Discussion 

The objectives of this serious game prototype were multiple:  

- to allow players to discover the concept of resilience, its complexity 
and its holistic dimension;  

- to understand the systemic complexity of a resilient territorial 
management;  

- to develop a playful and educational tool. 

From the data acquired through the questionnaires, these three ob-
jectives were met. Knowledge about risk management and the concept 
of resilience increased significantly through the game experience. 
Whether it was through the information document, or the action cards 
illustrating the link between understandable actions and resilience cat-
egories, the players developed a systemic and sensitive understanding of 
these issues and concepts. Their understanding is embedded in an 

Fig. 11. Priority choices by resilience category - choices made during the game based on the discussions.  

Fig. 12. Percentage of correct answers about risk culture between pre- and 
post-workshop questionnaires. 

Fig. 13. Percentage of correct answers about resilience concept between pre- 
and post-workshop questionnaires. 
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experiential dimension, allowing them to connect it to their practical, 
not just theoretical, previous experiences. As it has been proven by other 
serious games, “players have the opportunity to face different (…) per-
spectives, gaining more multidimensional understanding of a given problem” 
(Solinska-Nowak et al., 2018). This acquisition of knowledge, of both 
practical and sensitive knowledge, is not simply observable by the 
facilitator but felt by the players themselves. It is therefore a conscious 
and appreciated process, which favors and participates in the long-term 
adoption of this knowledge and its implantation in the players’ con-
sciousness. When it comes to evaluating serious games and their effec-
tiveness (Mayer et al., 2014), there are several approaches. The two 

most widely used methods are summative and formative evaluation. It 
has been shown that formative evaluations are particularly useful and 
should be used because they can be incorporated into the serious game 
and become part of the experience, such as through feedback from the 
user (Bellotti et al., 2010). This game is fully in line with this approach, 
with pre- and post-game questionnaires to assess the degree of learning, 
the most popular method in educational studies (Bellotti et al., 2010). 
For serious games to be considered a viable pedagogical tool, they need 
to provide assessment methods for their effectiveness and durability. 
Evaluation during the game seems to be one of the most appropriate and 
relevant methods, as it integrates its evaluation system into the logic and 

Fig. 14. Players’ perceptions of their level of learning through the serious game.  

Fig. 15. Importance given to different categories of resilience - difference between before and after the game.  

C. Heinzlef et al.                                                                                                                                                                                                                                



Environmental Advances 15 (2024) 100467

11

chronology of the game, and therefore does not disrupt the player’s 
experience of the game (Bellotti et al., 2010). It also provides an im-
mediate, direct feedback and enables the player to develop his or her 
ability to adapt. This game therefore fully meets the learning objectives 
of serious games, both in the results themselves and in the game’s 
self-assessment process. 

In regards to the perspectives of this prototype, they are multiple. 
The target audience is obviously an aspect to be qualified. Because of the 
COVID period, the tests were carried out with students. Because of their 
training or their age, they were perhaps more aware of and interested in 
these issues. The objective would be to test on socio-economic groups 
that would not supposedly have a connection to these topics, as well as 
groups of decision-makers and local actors already involved in risk 
management. Their different involvements, experiences and sensitivities 
would make it possible to test the game in other contexts and thus to 
nuance it and see its effectiveness on different groups of participants. 
Additionally, given the limitations identified in the literature 

(Solinska-Nowak et al., 2018), tests on other risks could be extremely 
relevant, especially in a process of climate disruption and risk interde-
pendence. The cyclonic risk, for example, would be extremely relevant 
given the devastation of the last cyclone in 2010. 

Concerning the experience of the game itself, the fact that this game 
is conceived as a board game, required the presence of an animator. 
Moreover, this choice was explained by the disparity of the digital 
coverage in French Polynesia. Nevertheless, the transcription of the 
game into a virtual game has been considered (Fig. 17). One of the 
crucial factors in determining the long-term relevance and usefulness of 
serious games is the cost associated with the game and its distribution. In 
order to reach disadvantaged and therefore more vulnerable pop-
ulations, this cost must be as affordable as possible (Solinska-Nowak 
et al., 2018). It was with this in mind that an online game was conceived. 
Another point of reflection was also the individual experience. The 
aspect of being alone during this experience could exacerbate the 
risk-taking, without fear of a potential judgment of the facilitator. At the 

Fig. 16. Appreciation of the players on the construction of the game.  

Fig. 17. Digital prototype of the serious game.  
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end of the game, a statistical result illustrates the priorities’ of the 
players underlined by their choices (Fig. 18). A cup is "awarded" to them 
as an expert in the field of resilience they have chosen. This online game 
was developed on the JAWA platform. JAWA is a 100 % online tool that 
allows anyone to create investigation/adventure games simply and 
without programming knowledge. The games created can be played 
directly in the browser without installation and can be shared directly on 
the portal of the site, but also exported to broadcast them on other sites 
or platforms. It is particularly adapted to the fast and low-cost or free 
creation of serious-games, or for accelerated prototyping. 

This digital game was tested on a group of 10 risk engineering re-
searchers in June 2023. The game lasted 30 minutes, with a 30-minute 
feedback phase. Several elements emerged from this test session 
(Table 1). 

The next steps are therefore to explore this approach to digital 
adaptation, as well as to develop new iterations with other groups of 
actors, taking into account their feedback. 

This approach and the associated results are fully in line with this 
process of decision support and dissemination of knowledge, practical 
knowledge and soft skills, real or sensitive experiences, as part of long- 
term approaches. This is why this game is fully in line with the risk and 
resilience observatory tool and in particular with task 1: increase 
knowledge on risks and resilience and task 3: integrate local actors. As a 
decision support tool, engaging actors in situations of simulation, deci-
sion making, reflection at different temporal scales, and experimenta-
tion with the systemic complexity of risk management and 
implementation of the concept of resilience is essential. Placing the ac-
tors in a playful dimension allows them to be more daring, to leave their 
comfort zone while ensuring a secure and trusting environment, and 
encourages them to be innovative and creative. This environment ac-
companies and supports the creation of links between their sensitive 
experiences and their theoretical knowledge, allowing them to associate 
these two dimensions for a better understanding, acceptance and 
adoption of complex notions, concepts and processes. This serious game 
is therefore a decision support tool integrated into the French Polynesia 
Risk and Resilience Observatory. It produces data on the perceptions, 
sensitivities and priorities of the players, data that is essential for the risk 
and resilience observatory. 

6. Conclusion 

This serious game prototype was developed as part of the imple-
mentation of a risk and resilience observatory in French Polynesia. 
French Polynesia is extremely vulnerable to climatic risks, especially to 
marine submersions. However, risk management practices are essen-
tially focused on crisis management, without integrating a resilience, 
systemic and long-term dimension. In order to develop knowledge and 
experiences on the concept of resilience, the objective was to develop a 
serious game. In a playful dimension of the serious game, the players 
were placed in a situation of systemic management of a municipality 
confronted by a risk of flooding. This experience allowed them to 
establish links between concrete actions and the concept of resilience, to 
understand the need to develop long-term approaches (before, during 
and after a crisis), but also to value them in their learning process. This 
serious game is therefore fully a decision-making tool, allowing players 
to develop knowledge, sensitive experiences, emotions, but also to 
bridge their previous knowledge, whether theoretical or practical, and 
the knowledge acquired through the game. It is therefore an equity of 
knowledge that is promoted, in a participatory approach, in order to 

Fig. 18. Digital prototype of the serious game – Final score.  

Table 1 
Digital game test.  

Positive points Improvement points 

Interface easy to use and game easy to play Hard to know what is a “good” 
score 

Realistic game Would be great to see each 
choice on the map 

Exhaustive resilience approach with 6 dimensions Would be great to have a go 
back button 

Great to have a budget for the realistic dimension Need to optimize the game for 
cellphones 

Variety of social decisions and scenarii Would be interesting to have 
several risks 

Good feedback on the benefit of actions, good 
ideas of consequences of each choice  

Clear game play and actions  
Great temporal scale: before, during and after the 

risk  
Motivating game  
Useful for decision making   
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move forward together towards the understanding, perception, aware-
ness, use and adoption in the long term of the concept of resilience. 
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Boyle, E.A., MacArthur, E.W., Connolly, T.M., Hainey, T., Manea, M., Kärki, A., van 
Rosmalen, P., 2014. A narrative literature review of games, animations and 
simulations to teach research methods and statistics. Comput. Educ. 74, 1–14. 
https://doi.org/10.1016/j.compedu.2014.01.004. 

Canavesio, R., Jeanson, M., Étienne, S., 2014. La gestion du risque cyclonique en 
Polynésie française et ses limites: exemple du cyclone tropical Oli, février 2010. Bull. 
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Cremers, A., Stubbé, H., van der Beek, D., Roelofs, M., Kerstholt, J., 2015. Does playing 
the serious game B-SaFe! make citizens more aware of man-made and natural risks in 
their environment? J. Risk Res. 18, 1280–1292. https://doi.org/10.1080/ 
13669877.2014.919513. 

Cutter, S.L., Ash, K.D., Emrich, C.T., 2014. The geographies of community disaster 
resilience. Glob. Environ. Change 29, 65–77. https://doi.org/10.1016/j. 
gloenvcha.2014.08.005. 

Cutter, S.L., Burton, C.G., Emrich, C.T., 2010. Disaster resilience indicators for 
benchmarking baseline conditions. J. Homel. Secur. Emerg. Manag. 7 https://doi. 
org/10.2202/1547-7355.1732. 

Davoudi, S., Shaw, K., Haider, L.J., Quinlan, A.E., Peterson, G.D., Wilkinson, C., 
Fünfgeld, H., McEvoy, D., Porter, L., Davoudi, S., 2012. Resilience: a bridging 
concept or a dead end? “Reframing” resilience: challenges for planning theory and 
practice interacting traps: resilience assessment of a pasture management system in 
northern afghanistan urban resilience: what does it mean in planning practice? 
Resilience as a useful concept for climate change adaptation? The politics of 
resilience for planning: a cautionary note: edited by simindavoudi and libbyporter. 
Plan. Theory Pract. 13, 299–333. https://doi.org/10.1080/14649357.2012.677124. 

de Ruiter, M.C., Couasnon, A., Ward, P.J., 2021. Breaking the silos: an online serious 
game for multi-risk disaster risk reduction (DRR) management. Geosci. Commun. 4, 
383–397. https://doi.org/10.5194/gc-4-383-2021. 
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Saf. Sci. 118, 181–193. https://doi.org/10.1016/j.ssci.2019.05.003. 
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