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Abstract. This study explores the potential of serious games
for improving disaster risk management. The research em-
ploys a qualitative approach, combining content analysis of
serious games (six digital games — three mobile apps and
three online games) with an online survey of experts featur-
ing open-ended questions. The results show that only the on-
line games aligned with the informative narrative tone indi-
cated by the experts, while the gameplay of the mobile apps
focused more on interaction. Such interaction could enhance
the playful aspect of the game and thus increase the desire
to play; however, the educational aspect of online games is
much higher, despite a few examples having inadequate rep-
resentation of multiculturalism, diversity, and gender. This
paper provides a list of recommended features for disaster
risk management games, which we have categorized into
three dimensions: (a) characters; (b) information and mes-
sage tone; and (c) narrative dynamics, reward systems, and
feedback. The results of the study may be of considerable
help to teachers and game designers in improving citizens’
knowledge of disaster risk management.

1 Introduction

Today’s scientific and technological advances allow us to an-
ticipate natural hazards and take early action, both at govern-
mental and civilian levels. However, the occurrence of devas-
tating disasters in countries of varied economic and cultural
scale shows that these technological and scientific advances
in disaster risk management (DRM) do not necessarily cor-

respond to their correct implementation. Recent examples of
major disasters include the 2024 floods in Spain; the 2021
floods that affected Germany, Belgium, and the Netherlands;
and the devastating earthquake that struck Tiirkiye and Syria
in 2023, resulting in significant loss of life and economic
damage. Therefore, there is a huge gap between scientific-
technological valuations and their practices and implemen-
tation, and this communication is a critical factor in DRM
(Solinska-Nowak et al., 2018; Weyrich et al., 2021).

The dynamics of conflict resolution following natural haz-
ards are based on centralized processes in which decision-
making is dominated to governments, scientists, and ex-
perts (Clerveaux et al., 2008; Tanwattana and Toyoda, 2018),
which minimize the participation of affected communities.
In extreme cases, these decisions may even be made without
considering the local cultural, social, or economic norms of
the affected area. In this context, in the 21st century, there
has been a growing interest in changing such hierarchical
decision-making and developing more participatory strate-
gies involving communities (Yamori, 2007; Suarez et al.,
2014; Tanwattana and Toyoda, 2018). From this perspec-
tive, society is not understood as requiring only one mono-
lithic solution proposed by stakeholders such as scientists or
politicians, but as one where dialogue is possible and diverse
viable answers coexist (Yamori, 2011). Some authors sug-
gest mutual learning to promote the democratization of deci-
sions, which combines diverse learning methodologies, such
as adaptive management, experiential learning, and trans-
formative learning (e.g. Lavell et al., 2012). Some impor-
tant approaches in adaptive management incorporate the use
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of knowledge co-production, where scientists, politicians,
and other stakeholders work to exchange, create, and im-
plement knowledge (Van Kerkhoff and Lebel, 2006). In this
sense, participatory mapping, workshops, and hackathons
have been highlighted as possible options (e.g. Sullivan-
Wiley et al., 2019; Trejo-Rangel et al., 2023; Macholl et al.,
2024). These approaches integrate local knowledge of natu-
ral hazards into vulnerability evaluation, highlighting diverse
vulnerabilities to natural hazards that are co-produced at lo-
cal scales (Sullivan-Wiley et al., 2019). Experiential (Kolb,
2015) and transformative (Mezirow, 1995) learning under-
score the importance of action oriented towards problem-
solving and learning-by-doing and how these processes orig-
inate reflective thinking, theory generation, and knowledge
application, enabling behaviour change for adaptation to nat-
ural hazards (Sharpe, 2016; Lavell et al., 2012).

Following this approach, which hypothesizes that acquir-
ing knowledge about natural hazards enables citizens to
make decisions and implement prevention measures, there
is recognition of the need for active teaching methodolo-
gies, such as serious games, which may serve as a partic-
ipatory and supportive tool for understanding the essential
aspects of natural hazards (e.g. Solinska-Nowak et al., 2018;
Tanwattana and Toyoda, 2018; Tsai et al., 2020; Schueller
et al., 2020; Teague et al., 2021; Altan et al., 2022; Vil-
lagra et al., 2023). Serious games allow users to visualize
and explore phenomena that would otherwise be challeng-
ing to experience by enhancing player immersion and allow-
ing them to learn about the consequences of their actions at
different points in time during a natural hazard (Solinska-
Nowak et al., 2018; Heinzlef et al., 2024). In this way, seri-
ous games encourage experiential and transformative learn-
ing, as they aim to reproduce a context as close to reality as
possible to facilitate behaviour change among players to en-
hance adaptation and resilience to natural hazards (Villagra
et al., 2023). The effectiveness of learning through serious
games is enhanced by the immediate feedback and the emo-
tional and sensorial experiences they provide, essential for
learning to mitigate the effects of natural hazards (Solinska-
Nowak et al., 2018; Heinzlef et al., 2024). However, while
serious games can provide useful evidence on how people
conceive disasters, the representation of catastrophes within
popular culture is poorly understood (Gampell and Gaillard,
2016; Safran et al., 2024). Some authors relate the character-
istics of several disaster games to the disaster risk reduction
framework (mitigation, preparedness, and recovery), high-
lighting the need for further research into how game char-
acteristics (mechanics, dynamics, narrative, and content) and
player skills, motivations, and social interactions contribute
to improving decision-making in the area of disaster risk re-
duction (DRR) (Gampell and Gaillard, 2016; Safran et al.,
2024). Few works address the influence of video games on
players’ tendency to prepare for natural hazards (Tanes and
Cho, 2013; Tanes, 2017; Safran et al., 2024). Attention is
drawn to the lack of scientific evidence on the potential of se-
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rious games as well as the challenges remaining for the devel-
opment of more detailed studies to test and demonstrate the
effectiveness of serious games for DRM education (Weyrich
et al., 2021; Safran et al., 2024).

This paper aims to explore the potential of serious games
for improving DRM. The main research question it raises
is how can we improve education and communication about
natural hazards through serious games? To this end, the fol-
lowing research sub-questions are posed: (a) How do serious
games communicate and educate users on issues related to
natural hazards? and (b) What are the educational and com-
municative elements or characteristics that serious games
should have to improve DRM? The research method includes
a qualitative research approach, incorporating content analy-
sis of selected serious games on DRM, and an online survey
with open-ended questions for experts.

The remainder of this paper is organized as follows: an
overview of serious games as tools for learning and change,
especially for DRM (Sect. 2); a description of the qualita-
tive methodological approach used (Sect. 3); a presentation
of the qualitative content analysis of serious games and the
results of the open-ended online survey (Sect. 4); and finally,
a discussion of the results (Sect. 5) and main conclusions,
including the limitations of this study and recommendations
for future works (Sect. 6).

2 Theoretical framework
2.1 Serious games for learning and change

A large body of research supports the idea that active learn-
ing can improve learning performance more than traditional
learning strategies, with gamification being one of the more
representative examples (e.g. Tolks et al., 2024). Gamifi-
cation refers to the use of game design elements in non-
game contexts, in order to enhance learning and certain be-
haviours (e.g. Ramirez-Cogollor, 2014). Games awaken, en-
gage and motivate, provide social and civic skills, and pro-
mote problem-solving capabilities (e.g. Liao et al., 2023;
Safran et al., 2024). Today, educational platforms are increas-
ingly incorporating game elements (e.g. points, badges, diffi-
culty levels, and leaderboards) so as to measure and encour-
age learning outcomes by adding scores and feedback (Hellin
etal., 2023).

Serious games are those that aim not only to entertain,
but also to teach, convey ideas and values, and influence
the thoughts and actions of players in real-life contexts (e.g.
Frasca, 2007; Bylieva et al., 2019; Sdiz-Manzanares et al.,
2021). The terms “serious games” and “game-based learn-
ing” are frequently used synonymously (Corti, 2006), al-
though serious games are often created with the broader
aims of training and facilitating behaviour change in various
fields, including business, healthcare, NGOs, and education
(Sawyer and Smith, 2008). Serious games are also referred to
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as “change games” (Bogost, 2007; Courbet et al., 2016) and
“social impact games” (Cremers et al., 2015).

Serious games have experienced a rapid increase over the
last decade, with extensive research providing empirical evi-
dence of cognitive benefits (Vogel et al., 2006; Bellotti et al.,
2013), as well as impacts on affective and motivational out-
comes (Connolly et al., 2012; Wilson et al., 2009; Pineda-
Martinez et al., 2023). Serious games allow users to visual-
ize and explore phenomena, which would otherwise be very
difficult to experience, and see the consequences of their ac-
tions at different times (Wiek and Iwaniec, 2014). One of the
significant benefits of learning through serious games is the
immediate feedback they provide. These kinds of games al-
low active learning through problem solving, where students
focus solely on their learning (Medina, 2012). In addition,
serious games favour personal autonomy and social and cul-
tural engagement (Magnuszewski et al., 2018).

A special case is that of serious games based on computer
technologies, which have experienced a rapid increase in the
last decade, increasingly replacing traditional games. Com-
puter games take advantage of young people’s interest in so-
cial networks and video or online games; can cover diverse
learning objectives and multiple fields; and target different
age groups (Mouaheb et al., 2012). Playing computer games
is associated with a range of cognitive, affective, behavioural
and motivational impacts and outcomes, the most common
of these being knowledge acquisition and content compre-
hension (Connolly et al., 2012). Considering their character-
istics, there is a wide variety of genres and formats, from sim-
ulations, which replicate aspects of real or fictional realities,
and adventures, in which users solve challenges by interact-
ing with people or the environment in a non-confrontational
manner (Lamb et al., 2018; de Freitas, 2018; Heintz and Law,
2015, 2018).

2.2 Serious games for disaster risk management

Most disaster-related serious games involve social simula-
tions and role-playing (Solinska-Nowak et al., 2018; Cre-
mers et al., 2015). These types of games are intended for
a large number of players, from different contexts, provid-
ing them with opportunities for face-to-face discussion and
negotiation about a given problem. Players have the oppor-
tunity to share different values and perspectives and engage
with stakeholders with conflicting interests to cooperate to-
wards a common goal (Akhtar et al., 2020).

Floods (e.g. Teague et al., 2021; Tsai et al., 2020; Gor-
don and Yiannakoulias, 2020), earthquakes (e.g. Safran et al.,
2024; Feng et al., 2020; Whaley, 2019), and droughts (e.g.
Podébradska et al., 2020; Wang and Davies, 2015) are the
most common subjects of natural hazard games (Solinska-
Nowak et al., 2018). This is in line with occurrence statis-
tics. Data from the Emergency Events Database (EM-DAT,
CRED) shows that in 2023, floods were the most common
natural hazards globally (163 events, 44 %), followed by
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storms (139 events, 37 %) and earthquakes (30 events, 8§ %)
(ADRC, 2023). On the other hand, the three dominant themes
correspond to those causing the highest number of deaths
(IFRC, 2020), and it is reasonable that they are the most rep-
resented in serious games.

Most serious games aim to strengthen players’ preparation
capacity for natural hazards (Solinska-Nowak et al., 2018).
These games provide instructions through appropriate ac-
tivities on buildings, preparing emergency Kkits, stockpiling
equipment and supplies, and recognizing the first signs of
disasters (e.g. Tanwattana and Toyoda, 2018; Teague et al.,
2021; Mossoux et al., 2016). In contrast, there are fewer
games that focus on the post-disaster phase, including evac-
uation management (e.g. Feng et al., 2020) or how to save
people (e.g. Whaley, 2019).

According to Solinska-Nowak et al. (2018), serious games
reach a broad audience. Most serious games focus mainly on
adults and to a lesser extent on younger people. This audi-
ence diversification constitutes a powerful tool for furthering
communication and education about DRM.

Serious games provide a satisfying learning and train-
ing experience of disaster management (e.g. Safran et al.,
2024; Zhao et al., 2023). However, some limitations could
potentially hinder their effectiveness. Firstly, although seri-
ous games are intended for a wide audience, few examples
consider cultural diversity, gender equality and learning from
past events (Solinska-Nowak et al., 2018). This limitation is
important, because adequate risk management demands par-
ticipatory strategies involving communities (Tanwattana and
Toyoda, 2018). Instead, few studies have addressed the de-
velopment of diverse resiliency skills through serious games
(Villagra et al., 2023; Teague et al., 2021; Neset et al., 2020).
The biggest research gap in serious games related to DRR is
the lack of empirical evidence about their effectiveness, with
a scarcity of quantitative and qualitative studies (Solinska-
Nowak et al., 2018; Safran et al., 2024).

3 Materials and methods

The approach of this study is qualitative, involving content
analysis of selected serious games and an online survey with
open-ended questions to experts.

3.1 Qualitative content analysis of serious games

In order to answer the first research sub-question (“How do
serious games communicate and educate on issues related to
natural hazards?”), a qualitative content analysis was carried
out on serious games for DRM.

We have selected digital games from the wide range of ex-
isting examples available. Firstly, we conducted a web search
using common search engines, including Yahoo, Google,
YouTube, Vimeo, and the Apple iTunes store, using differ-
ent combinations of the following keywords: serious games,
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positive communication, simulation, role-play, DRM, DRR,
crisis management, emergency, disaster prevention, and dis-
aster mitigation. This search allowed us to find a total of 11
mobile apps, 6 online games, and 20 board games with ma-
terial available for download from the web (Supplementary
material S1, Table S1 in the Supplement). Among the apps
and online games, we found four dedicated to volcanoes, six
to earthquakes, and seven related to floods.

Subsequently, to limit the scope of this study, we selected
only non-commercial games with freely accessible content
available in English or Spanish, with a DRM focus in dif-
ferent situations, aimed at young people and adults (age
12 and upwards), with the disasters considered limited to
those caused by human interactions with natural hazards
(such as volcanic eruptions, earthquakes, floods, droughts,
and tsunamis). According to the criteria explained above, a
total of 6 examples were selected in this phase from 17 digital
games: 3 mobile apps (Earthquake Relief Rescue, Geostorm,
and Disaster Rescue Service) and 3 online games (Build a
Kit, Disaster Master, and Stop Disasters). Among the former,
we found two flooding apps (Geostorm and Disaster Rescue
Service) and one focusing on earthquakes (Earthquake Relief
Rescue). Two of the online games consider various natural
hazards in a detailed way at different levels (Disaster Master
and Stop Disasters), while Build a Kit deals with emergen-
cies due to natural hazards in a more generic way.

A content analysis of the selected games was then car-
ried out. This is a research method used to quantify and
analyse the presence, meaning, and relationships of specific
words, themes, or concepts, allowing for inferences to be
made about the messages within different units of analysis
(e.g. webs sites, journals, games, etc). The type of content
analysis used in this research is conceptual analysis. In con-
ceptual content analysis, a concept is chosen for examina-
tion, and the analysis involves quantifying and counting its
presence. It can be used to identify intentions or commu-
nicative tendencies in games; it describes the attitudes or be-
haviours resulting from communications, revealing patterns
in communication content. The dimensions analysed in this
study were those proposed by Ouariachi et al. (2017). These
authors adapted the theoretical Social Discourse of Video
Games Analysis Model (Pérez-Latorre, 2010) into an ana-
lytical instrument for games about climate change using the
Delphi method. The instrument presents 51 criteria or vari-
ables, which are analysed in regards to the messages within
the texts, audio, and static and dynamic images of the games.
These criteria were classified into five dimensions: identi-
fication (features that help identify and locate the game),
gameplay (set of properties that describe the player’s experi-
ence within a given game system), narrative (discursive con-
struction around a complex phenomenon), contents (analy-
sis of the information and messages, transmitted), and edu-
cational aspects (referring to competencies, skills and learn-
ing). These criteria are described in further detail in Table 1.
The analysis of the games was carried out by the authors,
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who played the games and filled out a form that captured the
criteria mentioned above.

3.2 Online survey with open-ended questions to experts

In order to answer the second research sub-question (“What
are the educational and communicative elements or charac-
teristics that serious games should have to improve DRM?”),
an online survey with open-ended questions for experts was
used.

The expert panel was carefully chosen on the basis of
their knowledge or skill in the areas of either natural hazards
and education or video games. We employed snowball sam-
pling, asking the selected experts to recommend others who
also matched our criteria. This study involved individuals
with at least five years of professional or experiential knowl-
edge of the research topic, constituting an informed panel
and thereby justifying the use of the title “experts” (Mullen,
2003). In total, 21 international experts (from Spain, Italy,
Brazil, and USA) took part in the study, with the main ar-
eas of expertise of the participants being video games (eight
participants) and natural hazards and earth science educa-
tion (13 participants). The communication process was con-
ducted online. Among the video game respondents, 62.5 %
were experts in video game design and the rest were experts
on video game programming, development, and production.
The panel of experts on natural hazards had different special-
izations (climate change, floods, earthquakes, volcanoes, and
mass movement) and professions (researchers, emergencies
experts, a politician, and the partner of a consulting company
in urban and territorial planning). To begin with, participants
were informed through email about the focus and approach
of this study, including the subject, goal, planning and ethical
issues, confidentiality and anonymity.

The surveys were conducted online through open-ended
questions and in a consensual way. The consensus method
aimed to identify indicators and criteria for the design of seri-
ous games on natural hazards in order to improve DRM. Two
online surveys (Supplementary material S2, Tables S2 and S3
in the Supplement) were created using Google Forms, one
addressed to natural hazards experts and earth science edu-
cators and one addressed to video games experts. The survey
was carried out from 10 March to 20 May 2022.

After sharing the online surveys, the experts in natural
hazards and earth science (13) responded during the first
week. However, the 42 video games experts required fre-
quent follow-up in order to collect just eight responses. Once
all the responses had been collected, codes were formulated
based on their analysis using the program MAXQDA (2020).
We used this software because it allows the collaborative
analysis of qualitative data, helping create a common lan-
guage in our codebook and reaching a consensus while ben-
efiting from the unique perspectives of each team member.
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Table 1. Dimensions and indicators of qualitative content analysis.

Dimension

Indicators

Identification

Name of game

URL/app

Type of creator (author and type of institution): name and type of institution involved in the game’s creation and
placement of the URL within an independent website or in a section of the producer/author’s web page or another web
page.

Language

Communicative objective: communicative intentions and goals.

Brief description: summary according to the genre, objectives, and story.

Narrative

Narrative relevance: importance or irrelevance of narrative elements.

Global story: description of the game’s narrative as a whole, based on the logical or causal succession of events over
a specific period.

Character representation: role and characteristics of the character.

Environment representation: the setting in which the character operates.

Dimension/space/scale: general context and scale of the scenarios.

Dimension/time: period covered by the story.

Contents

Terminology used to describe natural hazards.

Presence of false concepts or misconceptions about natural hazards.

Explicit use of scientific concepts.

Convergence with other media and social networks: links to social media platforms.
Explicit use of information sources: citing sources and origin of data.

Message framework: topics, causes/consequences, and tone of the message.
Images.

Gameplay

Number of players and usage (individual or multi-player).

Player type: profile tailored to their interests.

Level of interactivity: degree of user intervention, modification, and choice over the content.

Duration of game.

Game mission: essential actions to win the game.

Feedback system: comments through text, audio, or audiovisual means received by the player for certain actions.
Reward system: actions that incentivize and the rewards themselves.

Auvailability of instructions/possibility of saving game (yes, no).

Didactics

Competencies: knowledge and attitudes attained by the student.

Skills: mental operations achieved by the student.

Conditions for problem-solving: type of reasoning employed to solve problems.

Need for prior knowledge.

Level of difficulty.

Possibility of group work: refers to the ability to form a group of students around the computer:
Accessibility: availability of the game for students with functional diversity.

Interdisciplinarity: combination of two or more academic disciplines.

Possibility of teacher evaluation: the teacher can access the history of actions, intervention records, etc.

4 Results

4.1.1 Identification

4.1 Qualitative content analysis of serious games

The results of the identification dimension can be found in

Using the dimensions indicated in Table 1, the results of the
analysis of each indicator are shown in Fig. 1 and Supple-
mentary material S3 (Tables S4-S8 in the Supplement).
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Fig. 1 and Table S4. We detected some differences between
the online games and mobile apps. The selected game apps
for phones and tablets were created by individuals; in con-
trast, in the case of the online games, they are created by in-
stitutions such as the US Government and the United Nations
Office for Disaster and Risk Reduction. All the games were
available only in English, except in the case of Geostorm,
which has a storyline based on a popular movie, and lets
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the user choose from 11 languages (Table S4). The games
aims to make users familiar with natural hazards in general,
raise awareness of their causes and consequences, promote
changes in attitude, and develop ideas for action and preven-
tion.

4.1.2 Gameplay

The results of the gameplay dimension are shown in Fig. 1
and Table S5. The online games could be played in both the
individual and multi-player mode, while in the case of mobile
apps, only individual play is possible. The objective of Build
a Kit is to select items for different scenarios; therefore, de-
cisions can be made through teamwork. Disaster Master con-
sists of reading a comic and answering questions in order to
check knowledge acquired individually or as a team. Finally,
in Stop Disasters, decisions such as which buildings to con-
struct or improve, where to build hospitals, or which barriers
to build against natural hazards can also involve teamwork.

The player trait most represented in the games analysed is
explorer, with the creative trait also being featured in Stop
Disasters, where there is a high level of interactivity over the
course of the game, giving players power to intervene.

In terms of game duration, there is a high degree of vari-
ability. Build a Kit is the only game that can likely be com-
pleted within an hour, while Disaster Master may also be fin-
ished in that time, depending on the students’ age and com-
prehension level. The others games feature levels that might
also be completed in one hour.

Positive feedback through in-game messages in response
to certain actions are abundant in the games, and we only
found a reward system in the online examples. None of the
games offer the possibility of saving progress in the middle
of a level, but if a mission or level is completed, players can
then continue the next level at a later time, with the exception
of Build a Kit.

4.1.3 Narrative

Across the games, we observed different storylines, highly
varied scenarios, and a diversity of characters (Fig. 1 and Ta-
ble S6). We found that some characters appeared in more
than one game, as in the case of Build a Kit and Disaster Mas-
ter, meaning that students could see them as a continuation of
the story, as they already knew the characters. The scenarios
used are diverse, ranging from familiar environments such as
a teenage girl’s bedroom or a living room (Build a Kit), to
more unusual settings, such as an international space station
(Geostorm).

The game development locations cover different parts of
the planet. In the case of Disaster Master, a game created
by the US government, the action takes place in different
scenarios, all in US territory. Geostorm situates the player
in different parts of the world, such as Afghanistan, Dubai
(United Arab Emirates), and Florida (US), according to the
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film on which it is based. Stop Disasters occurs in different
parts of the world, depending on the natural catastrophe cho-
sen, coinciding with the areas with the highest incidence of
this natural hazard.

Present—future connection is addressed in most of the
games. Only Earthquake Relief Rescue and Disaster Rescue
Service focus on a natural catastrophe that has already oc-
curred and, therefore, the mission is limited to finding the
injured, so players know the consequences. The situation of
Geostorm is similar, with the natural catastrophe in progress
and the consequences already playing out in the game, but
action can still be taken to stop the catastrophe and restore
normality. As it is based on a fictional film, Geostorm leans
more toward fantasy and is less realistic than the other games,
such as Disaster Master.

Finally, in terms of player types, we found a limited range
of representation in the games analysed. The main character
of Build a Kit is a girl in a wheelchair who has to select items
in an emergency situation, and Disaster Master presents the
same character in a summer camp surrounded by her friends,
each of a different origin. In the case of Geostorm, it includes
both female and adult male characters in the role of super-
heroes, though it does not represent an especially wide range
of identities or backgrounds, particularly regarding race, eth-
nicity, and non-binary perspectives.

4.1.4 Content

The results of the content dimension analysis are presented in
Fig. 1 and Table S7. As for the terms used in the games eval-
uated, we found some rather alarmist terms such as “emer-
gency”, “catastrophe”, and “disaster”. The link to social net-
works in some of them is merely informative, as in the case
of Geostorm, which directs players to the trailer of the film
on which it is based. In the case of Build a Kit and Disaster
Master, we find that the link provided to the government web-
site leads to a space where more information can be found on
natural hazards, as an extension of the knowledge provided
by the game.

Build a Kit, Disaster Master, and Stop Disasters feature
basic images with soft and cheerful colours. The game with
the best image quality and effects is Geostorm, which, simu-
lating the special effects of the film, contains more complex
images, although their colours are darker than in the rest of
the games.

4.1.5 Learning implications

The results of the analysis of the educational dimension
(Fig. 1 and Table S8) show the great potential of the games,
which cover a broad spectrum of the cognitive levels of
Bloom’s Taxonomy (reviewed by Anderson et al., 2001).
Bloom’s Taxonomy consists of a hierarchical structure of
objectives or levels, which allow educators to evaluate the
learning process of students; it is also a useful starting point
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BY7TNA oo
DIMENSIONS ONLINE GAMES MOBILE APPS  [86°

+ Developed by institutions + Developed by individuals
* Available in English » Available in 11 languages (Geostorm)

Identification

The games allow familiarisation with natural hazards, their causes, and their
effects or consequences

Single-player and multiplayer modes « Single-player mode
¢ Provide positive feedback (Build a « Positive feedback (all apps)

Kit and Stop Disaster).
¢ Includes both positive and negative + Noreward systems (all apps)

feedback (Disaster Master) « Long playtime (more than one
¢ Includes reward systems hour)
¢ Short playtime (less than one hour). « High interaction

* Medium to high interaction

Gameplay
The games mainly feature explorer-type players who interact with the
environment

e Medium to high narrative relevance « Low to medium narrative relevance

« Build a Kit character: Main characterisa girl ~ * Geostorm character: Characters are
in a wheelchair and her friends in familiar male and female adults depicted as
situations superheroes in space

« Disaster Master character: The main « Earthquake Relief Rescue character:
character is the same as in Build a Kit but Main character is a man and his dog in
placed in different scenarios a city devastated by an earthquake

» Stop Disasters: No character; game focuses ¢ Disaster Rescue Service character:

on constructing buildings or defences Main character is a rescuer in a city

Narrative affected by floods

The games feature varied narratives scenarios and characters allowing a connection
between the present and the future

* Basic images with soft and * Geostorm features complex

cheerful colours images with dark colours
¢ Build a Kit and Disaster Master « Geostorm includes a link to the
include links to government film's trailer
websites

Content

The games use alarmist terms, do not provide educational resources and do not present
misconceptions or errors

Cover most competencies and cognitive * Coveronly a few competencies
levels of Bloom’s Taxonomy « Disaster Rescue Service only
 Address multicultural awareness and addresses the lowest cognitive
expression competencies levels of Bloom’s Taxonomy

« Medium to high difficulty « Low to medium difficulty

Education

The games cover a broad range of Bloom’s Taxonomy cognitive levels and key
competencies

Online Games: Build a Kit, Disaster Master, Stop Disasters

Mobile Apps: Earthquake Relief Rescue, Disaster Rescue Service, Geostorm

Figure 1. Results of the qualitative content analysis of serious games.

for designing activities to achieve meaningful and lifelong Geostorm, which cover all of them; meanwhile, Earthquake
learning. Accordingly, the evaluation criteria related to “Re- Relief Rescue and Disaster Rescue Service are the two games
member” and “Understand” are classified as “Basic”; the cri- that cover only the Basic and Optimal learning levels.

teria related to “Apply” and “Analyse” are classified as “Opti- Disaster Master and Stop Disasters align with the key com-
mal”’; and the criteria related to “Evaluate” and “Create” are petencies for lifelong learning according to the European ed-
classified as “Desirable”. Taking into account these levels, ucation curriculum (European Commission, 2019). This con-
the most complete are Stop Disasters, Disaster Master, and nection is relevant, because the curriculum promotes core
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competencies such as citizenship, sustainability, and learn-
ing to learn — objectives closely aligned with the pedagogical
goals of serious games in natural hazards education. All the
games analysed enable the obtaining of citizenship compe-
tence and digital competence. Build a Kit and Disaster Mas-
ter enable the achievement of the personal, social, and learn-
ing to learn competence. In contrast, it is only possible to re-
late the literacy competence to Disaster Master. Earthquake
Relief Rescue and Disaster Rescue are the only games that do
not work on the science, technology, engineering and math-
ematics (STEM) competence. The multiculturalism and cul-
tural awareness and expression competencies are addressed
only by the online games (Build a Kit, Disaster Master, and
Stop Disasters).

4.2 Online survey with open-ended questions to experts

Selected examples of experts’ responses to the online sur-
veys are shown in Supplementary Material S4, Table S9 and
S10 in the Supplement, while the complete set of thematic
categories derived from the analysis is shown in Tables 2 and
3.

Most of the video game experts (63 %) agree that the catas-
trophic/dramatic and adventure theme, teaching protocols for
action, and a possible escape dynamic are key elements in the
design of a video game to raise awareness of natural hazards.
In line with this catastrophic theme, some experts (33 %) be-
lieve that the inclusion of the danger-to-human-life element
could enhance empathy on the part of players. Some experts
(38 %) add that it is also necessary for the game to be fun
enough for children to want to play.

The majority of the video game experts (63 %) agree that
the most interesting type of character would be the socializer
in a cooperative game dynamic. They remark that for raising
awareness of natural hazards, interacting and collaborating
with other players who have been affected by disasters could
help to generate empathy. Similarly, some of them (33 %)
state that the profile of explorers is very interesting for this
topic, since natural phenomena lend themselves well to in-
teraction with the environment.

The video game experts recommend including reward sys-
tems because they increase engagement and fun. However,
some (38 %) remark that the reward system could be con-
sidered as a secondary element. If it were included, players
may focus on the rewards and disconnect from the main ob-
jective, which is to raise awareness and increase knowledge
about natural hazards. In the same vein, according to some
experts (13 %), the overuse of levels and progression bars
could distract from the main objective.

Some video game experts (25 %) agree that positive feed-
back is the most effective motivation, but it would be inter-
esting to include both positive and negative feedback, so that
players can see that their actions have both good and bad
repercussions. In this regard, these experts point out that the
age of the students must be taken into account; if they are too
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young, it is more convenient to include positive feedback.
However, as they advance in development and enter adult-
hood, it is advisable to include both. They also emphasize
that in order to promote the acquisition of knowledge, feed-
back should always be constructive.

Regarding the duration of play, it should be a relatively
short game, ranging from 15 min to several hours. This du-
ration is recommended for both the full game and for the
individual levels. The game can be longer, as long as it has
concrete levels or scenarios that can be completed in a short
period of time. Some experts (38 %) emphasize that the most
important element is the narrative of the game, which must
engage players. If this is achieved, the length of the game can
even be variable (Table 2).

Finally, the experts recommend that there should be inter-
action in the game, as it generally engages players and makes
it more fun. However, the most prominent element in this
context is narrative, since serious games with well-developed
storylines may involve less interaction yet still have a power-
ful impact.

Examples of natural hazards experts’ responses to the on-
line surveys are summarized in Table S10, and the analysed
categories are shown in Table 3. The natural hazards experts
criticize the media for being too alarmist (46 %) and focus-
ing only on high-impact disasters once they have happened,
which increases uncertainty and fails to enhance collective
and individual prevention. In addition to this, they rarely con-
tact university or technical experts, so they resort to mislead-
ing clichés. Therefore, the information they transmit is defi-
cient (62 %) and does not contribute to raising public aware-
ness or to the acquisition of fundamental knowledge about
natural hazards.

The natural hazards experts also agree that social and
structural inequalities significantly influence the vulnerabil-
ity of a territory or society, since livelihoods, housing, and ac-
cess to training and information are often unequal and more
susceptible to natural hazards. Therefore, a balanced soci-
ety will be much more resilient than an unequal society. The
experts suggest that video games could help players better
understand natural hazards and raise awareness among them,
i.e. they could be good training in prevention and vulnerabil-
ity reduction, providing information on self-protection, plan-
ning, and emergency management in a playful and enjoyable
way. Aspects of multiculturalism and gender should be in-
cluded in the game, which must consider interracial, intercul-
tural, disability, and gender factors, as these are fundamental
for any society. All cultures and genders should be included
in video games, given that the whole of society, without ex-
ception, can be affected. For this reason, the main character
in a game on natural hazards should be an ordinary, responsi-
ble, coherent, and supportive person, who has fears and faces
them by learning, and who can also fail. In other words, a
character with whom players can identify.

The natural hazards experts propose that different sources
of information should be used in natural hazard games, such
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Table 2. Expert agreement on design features in serious games for DRM.

No. of votes  Expert agreement (%)
Narrative elements
Catastrophe 5 63
Adventure 5 63
Protocols 5 63
Escape 5 63
People/lives 3 38
Fun 3 38
Message 4 50
Cooperative 8 100
Character
Socializer 5 63
Explorer 3 38
Reward systems
Recommended/satisfactory 2 29
Secondary 3 38
Feedback systems
Positive feedback 2 25
Negative feedback 2 25
Positive and negative feedback 4 50
Duration
Short 1 13
Variable 29
Level of interaction
Depends on the narrative 4 43

as historical sources and those from official institutions.
However, the most important category is academic sources,
to avoid introducing erroneous data or information.

With regard to the game narrative and context, most of the
natural hazard experts opt for simple, non-technical narra-
tives so that players become familiar with the language and
feel that it is a real situation. They mention the figure of a
saviour character in the face of natural hazards, making them
aware of the resulting environmental and social problems.
The last code present among the expert responses is the rep-
resentation of past natural-hazard-related disasters that have
occurred through time. In this way, they convey that natural
hazards are things that have always existed and will continue
to exist, reinforcing the idea that they are real and have hap-
pened at different times in human history.

There was some disagreement about the tone of the mes-
sage that should be used in video games about natural haz-
ards. The experts opine that an informative tone is impor-
tant for transferring information combined with an emo-
tional tone to have a greater impact on the user, helping to
raise awareness. All of the natural hazards experts reject the
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alarmist tone except for two, who propose mixing the infor-
mative tone with the alarmist tone to prevent the former from
being boring and causing indifference. Experts who suggest
a purely informative tone also propose a clear and concise
message based on science, so that players know what can re-
ally happen and how to act in an objective manner.

4.3 Synthesis of findings

In this section, the findings of the qualitative content analysis
and the expert responses were compared and further summa-
rized.

4.3.1 Characters

According to the experts’ opinions, the main characters of
the game should be socializers or explorers with the char-
acteristics of an ordinary person, who reflects their fears,
may fail, and who presents a saviour attitude. The experts
emphasize that characters should include aspects of multi-
culturalism and gender and represent interracial people and
those with disabilities. The experts agree that games on nat-
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Table 3. Expert agreement on communicative, social, and narrative dimensions in serious games for DRM.

No. of votes  Expert agreement (%)
Communication
Alarmist 6 46
Deficient 8 62
Inequalities
Inequalities determinant 13 100
Not dependent on vulnerability 2 15
Multiculturalism/gender
Multiculturalism and gender important 10 77
Not important 3 23
Character
Normal person 46
Eligible avatar 1 8
Not important 8
Sources of information
Academic 11 85
Official institutions 2 15
Historical 1 8
Scientific communicators and journalists 2 15
Narrative and context
Simple and non-technical 4 33
Saviour character 3 22
Past episodes 3 22
Message tone
Alarmist 3 20
Educational/scientific 4 30
Emotional 5 40
Informative 8 60

ural hazards must take gender and cultural differences into
account in order to reflect today’s society.

The only game with a socializing character in a cooper-
ative dynamic is Disaster Master. The three mobile apps,
Geostorm, Disaster Rescue Service, and Earthquake Relief
Rescue all feature more exploratory characters. In this sense,
Disaster Rescue Service and Earthquake Relief Rescue do
present a cooperative dynamic, but there is no opportunity
for interaction between players.

4.3.2 Information and message tone

The experts agree that information should be presented in
a non-alarmist and non-catastrophist way, and that the infor-
mation sources used for the development of the games should
be mainly academic. In addition, they stress that the tone of
the game message should be informative, clear, and concise.

Nat. Hazards Earth Syst. Sci., 25, 3939-3955, 2025

It should also have an emotional tone in order to connect with
players.

The mobile apps present a more catastrophist and alarmist
tone, with people’s lives endangered and the adventure factor
increased, but they do not use the game narrative to convey
information to boost players’ preparedness. However, Dis-
aster Master also plays with this aspect of catastrophism and
fun, and at the same time, it has a narrative that aims to trans-
mit knowledge and teach protocols for action. Stop Disasters
has message texts that explain in a very clear, concise, and
simple way the usefulness of each material in preventing the
impact of natural hazards and how they should be used. Build
a Kit bases its game on teaching protocols for action in case
of a natural-hazard-related disaster.
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4.3.3 Narrative, dynamics, reward systems, and
feedback

The experts recommend that the narrative of the game be
simple and non-technical, and it could include references
to past episodes. A narrative based on a catastrophic/dra-
matic and adventure theme is considered ideal by the video
game experts. The dynamics of the game should be coopera-
tive, and reward systems and levels or game progression bars
should be included as secondary features. Feedback should
be included taking into account user age, and positive feed-
back is especially important. The duration should be between
15 min and several hours, and the game should always be fun.
Build a Kit, Geostorm, Disaster Rescue Service, and
Earthquake Relief Rescue present only one reward system,
which involves completing a level or scenario, choosing the
right tools to make an emergency backpack, opening the of-
fice door to escape, or arriving in time to rescue an injured
person. The other two games have progression indicators and
award points to players when they choose the correct answer
or construct a building in a suitable location, but always sec-
ondarily. All of the games have player feedback systems, and
their durations fall within the experts’ recommendation.

5 Discussion

5.1 Communication and education on natural hazards
through serious games

The serious games analysed in this study present highly
varied narratives, which act as key communicative strate-
gies to convey complex information about natural hazards.
In most of these games, a connection is made between the
present and the future, allowing players to be aware of
the impacts of their decisions and experience them directly
through the game. This connection fosters experiential learn-
ing, enabling knowledge acquisition through active engage-
ment rather than passive observation (Kolb, 2015). By simu-
lating realistic decision-making processes, these games con-
tribute to raising awareness about disaster risks and prepared-
ness.

The central character is usually an explorer with a high
level of interactivity. This character type enhances the com-
municative objective by encouraging players to interact di-
rectly with the environment and explore what is happening
around them. In doing so, the games simulate real-world
hazard scenarios, enhancing players’ understanding of risks
through experiential exploration.

Examples of positive feedback are common in the games,
serving as a mechanism to reinforce correct decisions re-
lated to hazard management and preparedness. Only the on-
line games present structured reward systems, which incen-
tivize users to obtain rewards through specific actions. Of-
fline games in particular show limited implementation of mo-
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tivational strategies, potentially affecting sustained player in-
volvement. Despite these differences, feedback mechanisms
in both cases play a critical role in highlighting the conse-
quences of player choices, thereby facilitating the communi-
cation of key disaster risk management concepts.

The scenarios used are highly diverse, ranging from famil-
iar environments, such as the home (Build a Kit), to more un-
familiar and spectacular settings, like an international space
station (Geostorm). Both types of scenarios can contribute
to player motivation: familiar contexts may foster empathy
and raise awareness, while surprising and dramatic environ-
ments can increase engagement through their novelty. How-
ever, this focus on exotic or unrealistic settings may some-
times detract from the realism required for effective risk ed-
ucation, limiting the transferability of learned behaviours to
real-world contexts. Although the use of real geographical lo-
cations (Stop Disasters) has great educational value, by facil-
itating an understanding of actual effects and consequences,
the absence of mechanisms that explicitly link in-game deci-
sions with real-world preparedness strategies may ultimately
weaken the educational impact of these games (Solinska-
Nowak et al., 2018).

Few games consider multiculturalism and inclusivity, with
only Build a Kit and Disaster Master presenting charac-
ters with different backgrounds and individuals with func-
tional diversities, which can be connected to the findings of
Solinska-Nowak et al. (2018). Although Geostorm offers lan-
guage options and portrays both male and female protago-
nists in leadership roles, such inclusive representations re-
main isolated cases.

The serious games analysed activate various cognitive lev-
els of Bloom’s Taxonomy, with a clear emphasis on higher-
order thinking and strategic reasoning. At the foundational
levels, such as “Remember” and “Understand”, games like
Build a Kit and Disaster Master help learners identify types
of natural hazards and recognize emergency protocols, be-
coming familiar with key terminology and visual warning
signs. At the “Application” level, Stop Disasters stands out
by requiring players to implement specific decisions regard-
ing housing locations, resource allocation, and infrastruc-
ture planning, applying knowledge about vulnerability and
resilience. The “Analysis” level is promoted when players
must compare the outcomes of different decisions and antic-
ipate their consequences within a dynamic simulation, as in
the case of Geostorm, where each choice alters the unfolding
scenario. The “Evaluation” level, reached in both Stop Dis-
asters and Geostorm, emerges through the need to prioritize
mitigation strategies given limited resources, requiring play-
ers to weigh factors such as cost-effectiveness and population
protection. Finally, some games, particularly Stop Disasters,
achieve the “Creation” level by allowing players to design re-
silient urban environments from scratch, integrating multiple
variables into a coherent action plan. Notably, many of these
cognitive processes are directly connected to scientific under-
standing. For example, players must interpret seismic risks
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(Stop Disasters), identify flood-prone areas (Stop Disasters
and Disaster Master), or respond to changing weather con-
ditions (Geostorm and Disaster Master). Altogether, these
games not only enhance student engagement but also support
cognitive progression, fostering both scientific literacy and
practical decision-making in simulated situations that reflect
real-world risk contexts.

In summary, this study demonstrates that serious games
communicate and educate players about natural hazards by
combining narrative immersion, experiential learning, and
decision-making under uncertainty. Through these mech-
anisms, players experience the consequences of their ac-
tions and develop essential competencies for disaster pre-
paredness, including risk assessment and adaptive problem-
solving.

5.2 Educational and communicative elements
recommended for improving DRM in serious
games

The expert opinions are in line with the results of other
studies on how to promote social resilience (e.g. Kwok
et al., 2016). In this sense, resilience can be strength-
ened through cooperative dynamics that foster democratic
decision-making, shared problem-solving, and the articula-
tion of community values. These processes contribute to the
development of collective efficacy, defined as the shared be-
lief in a community’s capacity to act effectively when facing
adversity (Norris et al., 2008).

Importantly, collective efficacy is not only an outcome of
gameplay but can be actively integrated into the game de-
sign itself. For instance, the serious game developed by Tan-
wattana and Toyoda (2018) assigns players community roles
such as mayor or first responder and requires them to reach a
consensus on mitigation strategies. This mechanism encour-
ages players to coordinate actions, assume responsibility, and
experience interdependence. Similarly, the Costa Resiliente
game engages participants in spatial co-design exercises to
address tsunami risk, simulating community planning pro-
cesses that reinforce the value of collective agency (Olivares-
Rodriguez et al., 2022). The Disaster Response game uses
time-limited decision-making across multiple actors, requir-
ing communication, coordination, and distributed leadership
to manage emergencies (Klein et al., 2022). These examples
illustrate how serious games can support social resilience by
embedding collective efficacy directly their core gameplay
dynamics.

The use of simple and non-technical narratives based on
academic information could promote knowledge of natural
risks and hazard consequences and further community pre-
paredness against natural hazards (Kwok et al., 2016). Addi-
tionally, incorporating multiculturalism, diversity, and gen-
der awareness into game design can foster inclusivity in
DRM and a sense of community and attachment, which are
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essential factors for building both collective efficacy and re-
silience in disaster response (Tanwattana and Toyoda, 2018).

Regarding character design, Safran et al. (2024) reveal
that player performance is related to the video game nar-
rative and highlights the importance of character traits; so,
high-powered avatars lead to a greater increase in attempts to
adopt health-promoting behaviours. Similarly, Klimmt et al.
(2009) assert that players undergo significant changes in self-
perception to align themselves with certain attributes of such
characters. Therefore, when players identify with a charac-
ter, their perceived self-efficacy concerning the acquisition
of health-promoting behaviour can increase (Peng, 2008).
Therefore, serious games should carefully design avatars and
roles that encourage not only engagement but also prosocial
attitudes and risk-mitigation behaviours.

Feedback mechanisms in DRM games could be more ef-
ficient when based on direct and specific information that
achieves objectives and is presented close to the item be-
ing evaluated. This feedback should be both positive and
empowering (Prensky, 2001). Reward systems are recom-
mended because they enhance motivation and entertainment;
however, too many of these could distract from the main ob-
jective of the game (Chou, 2016). To maximize educational
impact, reward systems in serious games should be care-
fully aligned with core DRM concepts and designed to recog-
nize meaningful progress in addressing realistic challenges.
Rather than relying on superficial incentives, rewards should
reinforce key actions such as accurately identifying hazards,
prioritizing protective measures, or coordinating mitigation
strategies. A tiered reward structure can support this process
by offering progressive recognition, for example, smaller re-
wards for mastering foundational concepts and more signifi-
cant ones for demonstrating strategic reasoning and complex
decision-making (Boyle et al., 2016). Furthermore, cooper-
ative rewards that celebrate group accomplishments, such
as successfully planning and executing a community evac-
uation, can foster social learning and build collective effi-
cacy, a critical factor in facilitating risk-informed action and
resilience-building (Kwok et al., 2016). Ensuring an engag-
ing gameplay experience remains essential, as repeated play
increases exposure to DRM content and supports long-term
knowledge retention (Ouariachi et al., 2019).

A difference of opinion emerges between the experts in re-
lation to the tone of the message. The natural hazards experts
recommend a non-alarmist and non-catastrophist tone, while
the video game experts agree on a catastrophic/dramatic
tone. In this regard, self-efficacy may be diminished by the
panic and stress provoked by the perception of both the grav-
ity of a hazard and one’s own susceptibility to it, which is im-
portant for motivating risk-mitigating action (O’ Neill, 2004).
Natural hazards frequently provoke negative emotions, in-
cluding denial and fatalism, which go against the problem-
solving orientation necessary for triggering risk-mitigating
actions (Safran et al., 2024). However, Zhao et al. (2023)
show that these negative emotions are necessary, because
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they have a greater impact on decision-making than a positive
emotional state. Therefore, well-designed video games could
balance threats by offering ways to overcome them, incorpo-
rating mediated disaster-related problem-solving experiences
(Safran et al., 2024). To address this, serious games should
strategically combine emotional intensity with mechanisms
that reinforce players’ sense of agency. A well-designed
game might open with immersive, high-stakes scenarios to
capture attention and elevate perceived risk, followed by in-
teractive phases that support decision-making through goal-
driven challenges, narrative choices, and problem-solving
tasks. This progression enables players to experience the
gravity of risk while gradually regaining control. By combin-
ing threat perception with coping opportunities in collabora-
tive, feedback-rich environments, serious games can foster
adaptive engagement, enhance risk awareness, and promote
informed mitigation behaviours, without emotionally over-
whelming users (Vervoort et al., 2022; Zhao et al., 2023).

To summarize, serious games should integrate coopera-
tive mechanics, multicultural and inclusive narratives, em-
powering character designs, feedback aligned with learning
goals, and emotionally balanced communication strategies.
Through these elements, they can effectively foster disaster
preparedness, promote resilience, and support the develop-
ment of informed, proactive communities.

6 Conclusions

In response to the need for engaging and motivational ap-
proaches to education and communication, video games have
been recognized as one of the most useful strategies for
teaching DRR (e.g. Hawthorn et al., 2021). However, the im-
pacts of video games on players in terms of improving DRM
remain relatively unstudied (e.g. Safran et al., 2024). This
work offers novel insights by combining a content analysis
of serious games with expert perspectives and by identifying
and validating specific communicative and educational fea-
tures that can significantly enhance the effectiveness of DRM
education.

To better understand how to inform and educate the public
about natural hazards through serious games, this research
identifies the most desirable game characteristics, as deter-
mined through an online survey with open-ended questions
to experts. These features include: exploratory characters in
a cooperative dynamic; simple and non-technical narratives
based on academic sources; themes of multiculturalism, di-
versity, and gender; fun and short games; and a construc-
tive feedback system, with rewards having a secondary pres-
ence. The results provide valuable and evidence-based de-
sign guidelines for developers and educators, offering practi-
cal strategies to maximize the educational potential of serious
games in DRM contexts.

The proposed features were used to evaluate selected on-
line games and mobile apps to identify which formats best
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achieve educational and communicative goals in DRM. The
findings indicate that only the online games align with the
narrative structures emphasized by the experts, fulfilling their
educational purpose more thoroughly. In contrast, mobile
apps prioritize interaction, both, between the player and
game controls, and between the character and the game en-
vironment, enhancing enjoyment and motivation to play but
often at the expense of deeper educational value. Nonethe-
less, online games were found to provide greater educational
benefits, both through the explicit messages they convey and
the way their gameplay progresses. Notably, only three on-
line examples (Build a Kit, Disaster Master, and, Stop Dis-
asters) integrate themes of multiculturalism, diversity, and
gender, while also offering geographically relevant informa-
tion on areas prone to natural hazards. These aspects not only
support knowledge acquisition but also foster greater social
awareness, thereby offering valuable guidance to teachers in
selecting games for implementation in the classroom.

The limitations of this study are related to the subjective
nature of qualitative analyses, due to their focus on interpret-
ing meaning and the meaning-making process. To address
this, we employed a combined qualitative approach based
on two complementary methods: a thematic content anal-
ysis of selected serious games and an online survey with
open-ended questions to experts in natural hazards and ed-
ucational video games. Additionally, the sample size of the
expert panel, while sufficient for exploratory qualitative re-
search, may limit the generalizability of the findings. De-
spite this, the participants were carefully selected based on
their expertise in DRM, ensuring the relevance and valid-
ity of their contributions. This approach provided depth and
nuance; nonetheless, future research would benefit from ex-
perimental or mixed-method designs that allow for causal in-
ference and generalizability. In particular, subsequent studies
could address specific research questions to deepen our un-
derstanding of how design elements influence learning and
behavioural outcomes in DRM: (1) How does narrative tone
(e.g. catastrophic vs. non-alarmist) affect players’ motivation
to adopt DRM-related behaviours? (2) In what ways do feed-
back and reward structures (e.g. immediate vs. delayed) im-
pact decision-making and knowledge retention? (3) How do
specific gameplay mechanics (e.g. collaborative vs. compet-
itive strategies or resource discovery) shape the development
of problem-solving skills in simulated disaster contexts?

Overall, when grounded in sound educational principles,
serious games have the potential to become transformative
tools that reshape how individuals and societies engage with
natural risks. By explicitly integrating knowledge acquisi-
tion, emotional engagement, interactive learning, and inclu-
sive narratives with cooperative dynamics, these games can
foster critical thinking, promote adaptive behaviours, and
contribute to building a more resilient and prepared society.
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