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Figure 1: Collaborative Flood Resilience Game: We tested our tabletop-card game mix at a public community-led education
Center.

Abstract
Games empowering active engagement in real-world climate adap-
tation measures are underexplored. Yet, bottom-up engagement is
crucial for addressing natural hazard impacts at the community and
individual levels. Our work employed an iterative research for and
through co-design approach to develop a locally adapted tabletop
game for a community-led educational Center. We tested the game
onsite (n = 254), followed by two surveys, one immediately after
playing (n = 57) and one conducted two weeks later (n = 11), as-
sessing players’ awareness, and sense of empowerment and agency.
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Results show an increase in participants’ awareness of local coun-
termeasures, a sense of agency, and their participatory efficacy in
contributing to their own, their family’s, and their community’s cli-
mate resilience. Our work contributes a transferable game concept
that reflects complex real-world interdependencies, empowering a
sense of agency through practice-based game mechanics.
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1 Introduction
Natural hazards and strong weather incidents continue to severely
impact millions of people living in risk areas on a yearly basis [22].
Local impacts, as well as local climate, economic, and social con-
ditions, di�er greatly, so climate adaptations to deal with and live
with the consequences must happen on a community and individual
level [82, 96, 97]. This requires increasing awareness about local
risks, as well as opportunities to engage and empower communities
and individuals to implement solutions. Empowered community
members further contribute to building a strong local social support
system [45]. Increasing climate resilience through adaptation neces-
sitates behavior change toward becoming (pro-)actively engaged
and taking agency and social responsibility [87, 98]. However, to
achieve this, individuals need to understand their own role, agency,
and participative e�cacy in the complex context of climate re-
silience for themselves and their community [4, 53, 84].

Serious games and playful design concepts have been shown to
support climate-related learning [65] and behavior change [34] by,
e.g., triggering understanding and self-re�ection through a change
of perspective [123] or by making a complex, serious topic fun to
engage with [75]. Similarly, meaningful interaction experiences con-
tribute to understanding and an increased sense of connectedness
with others or one's surroundings [51]. Such interaction concepts
can be achieved by locally adapting the game concept [8,32], design-
ing for social experiences [109], and emphasizing practice-centered
game mechanics [29]. However, game concepts related to climate
adaptation are complex and challenging to develop, and, thus, rare
and underexplored [18, 39].

In our work, we developed a locally adapted, intergenerational,
collaborative, and digitally enhanced game (see Figure 1) guided
by a research for and through co-design approach. As part of the
approach, we conducted a �eld visit, two focus groups, and an on-
line survey to inform design decisions and identify design values
and game mechanics. Further, we developed and tested the game
concept and prototype in collaboration with the Seymour Center
and its experts to gather insights into our game's impact on players'
awareness, sense of agency and empowerment, and understanding
of their participatory e�cacy. The �nal game concept combined
tabletop and card game mechanics and focused on �ood resilience as
the community location was frequently impacted by precipitation,
river, and coastal �ooding. The game aimed to be accessible to the
diverse, intergenerational community in Santa Cruz, CA, to increase
awareness of local natural hazard risks and of doable countermea-
sures that empower agency and action-taking. As climate resilience
is a societal-level issue, helping individuals and families identify
local or individual actions that they can contribute towards, such
as checking on neighbors or keeping gutters free of debris, aids in
bottom-up empowerment [25, 50]. Enabling community members
to learn about their participatory e�cacy, social responsibility, and

agency in increasing their own and their community's resilience in
a playful manner can empower behavior change toward becoming
more actively engaged in enacting real-life countermeasures. Three
research questions guide our work:

RQ1 How can we playfully increase users' awareness and under-
standing of their role and agency in increasing their own
and their community's �ood resilience?

RQ2 How can we leverage social play for bottom-up empower-
ment toward increased �ood resilience?

RQ3 To what extent does a locally adapted game empower agency
to take real-life action?

To address these questions, we employed an iterative research
for and through co-design approach, engaging experts (n=4) from
a local community-led educational Center and the broader public
(n=13) to develop the game (see Figure 2 for more details). We tested
the game in a �eld study deployment at the Seymour Center with
their visitors (n=254), and followed up with adult participants in
two online surveys, which were conducted onsite (n=57) and two
weeks after their experience (n=11).

Our results show that participants' awareness of locally adapted
and feasible countermeasures and their sense of agency increased
after the game experience (RQ1). They also felt empowered to take
action, including one person who had started packing an evacuation
kit for their pet (RQ3). Additionally, they felt a sense of agency to
a�ect the outcome of a �ood for their family and neighborhood. Par-
ticipants also reported feeling safer after playing, as they were more
knowledgeable about what to do and had experienced taking ac-
tion together with others, thereby sharing the responsibility (RQ2).
Following Wobbrock and Kientz[120]' types of contributions, our
work contributes:

� Empirical insights on the e�ect of collaborative and inter-
generational play on increasing exchange and understanding
about bottom-up climate actions.

� Empirical �ndings highlighting the distinction between
empowerment and long-term engagement for real-world
action-taking.

� An artifact in the form of a carefully designed and empiri-
cally evaluated game that highlights practice-focused game
mechanics through locally adapted content and comprises
all �ood-related stages, including the recovery phase.

With these contributions, our work is relevant for researchers
and designers working on bottom-up community empowerment,
practice-based game mechanics, interventions for climate adapta-
tion, and behavior change.

2 Related Work
Our work sits at the intersection of game design, Human-Computer
Interaction (HCI), and climate science communication. Here, we
summarize related work concerning serious climate-related games,
�ood resilience, and design approaches for behavior change.

2.1 Climate-related Intergenerational Serious
Games

Games and play have been successfully explored to increase aware-
ness and learn about climate change and sustainability [30, 37, 54,
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76, 115]. Contrary to the seriousness, complexity, and gravity of
climate change, games and play allow users to have fun, enjoy en-
gagement [2], and increase immersion [55]. Tisza and Markopoulos
[113] describe fun as a powerful tool for learning, because it can
increase intrinsic motivation, support taking a break from stress-
ful everyday duties, reduce stress overall, and encourage users
to explore and make mistakes in a safe environment. Play can
further contribute to community engagement [55, 56, 65, 97]. In
particular, integrating local conditions and familiar scenarios into
a game [44, 56] can foster social connections and meaningful expe-
riences related to players' surroundings and communities [62] and
increase understanding of complex topics [8, 32, 36, 69]. Games can
also increase a sense of agency and empowerment when integrating
doable actions that non-experts can relate to and �nd realistic to
implement [44, 101].

Flood et al. [33] systematically reviewed climate-related serious
games and found consistent cognitive, normative, and relational
learning outcomes, suggesting that such games can foster knowl-
edge acquisition, value change, and social trust among diverse par-
ticipants. Their work also emphasizes localized content, structured
facilitation, and co-design as critical for ensuring relevance and
actionable insight. Serious games have also been shown to engage
broad publics with varying emphasis on age diversity. De la Hera
Conde-Pumpido et al. [26] note that intergenerational games sup-
port reciprocal learning and social bonding, while civic games such
as Downpour! by Wendler and Shuttleworth[118]and Community
PlanIt by Gordon and Baldwin-Philippi[42] demonstrate how di-
verse stakeholders�including families, elders, youth, and civic lead-
ers�can collectively explore complex social issues through roleplay
and shared scenario planning. These works highlight how a mix
of perspectives can deepen re�ection and build trust. Our design
extends this tradition by intentionally structuring intergenerational
learning, using mixed family groups to prompt cross-age knowl-
edge sharing, negotiation, and mutual sense-making�features that
are rarely foregrounded in prior climate resilience games.

Prior serious games about climate resilience primarily focus on
preparedness: raising awareness [94, 116], shaping anticipatory
behavior [55], and supporting stakeholder planning [6, 68, 111].
Games like FloodSim [94], iAdapt [49], and MAFURIKO [85] use
regionally speci�c data and localized scenarios to help players
understand how environmental and infrastructural factors shape
risk. Similarly, FloodGame[28] brie�y references reconstruction
as �less costly than relocation but [which] may not fully mitigate
�ooding risk�, focusing only on structural reconstruction rather
than the broader spectrum of recovery actions available to com-
munities. While some policy-oriented games (e.g., Mayer[71] re-
view of multi-stakeholder planning exercises and McKittrick[72]'s
analysis of boundary-object climate games) engage longer-term,
real-world adaptation, most games stop at simulating pre-event
decision-making. Few explicitly address recovery and regrowth as
part of the resilience cycle or invite players to navigate the social
programs, institutional resources, and community networks needed
after a natural hazard.

Our work builds on these insights by contributing a �ood re-
silience game co-developed with regional experts and embedded in
a public science center, targeting multigenerational visitors through
tangible, collaborative play, and by �lling this gap by integrating a

whole resilience arc: preparedness, impact, and recovery. In addi-
tion to using region-speci�c environmental data, we grounded the
game in our community's actual programs, services, and local ini-
tiatives. By pairing these elements with intergenerational play, our
system extends prior work by supporting both localized relevance
and multigenerational resilience learning.

2.2 Empowering Flood Resilience from the
Bottom Up

Flood resilience is about the extent to which countermeasures can
and are taken against �ood-related impacts and repercussions [1, 4].
On an individual level, this includes what someone can do to prepare
for, get through, and recover from a �ood [4]. In risk areas, help
provided by authorities may arrive too late or be inadequate for
local conditions, requiring the development of solutions for bottom-
up empowerment [12, 53, 60, 80].

Bottom-up empowerment requires understanding local situa-
tions and needs to develop solutions in collaboration with commu-
nities as partners and future stakeholders [107]. Having an active
role in decision-making further contributes to individuals' sense of
empowerment and control [25, 50, 118]. Empowerment requires lo-
cals to be trained, skilled, and equipped with relevant resources and
knowledge, including, e.g., where to �nd reliable information. In
comparison to larger measures such as building a seawall [121, 122],
bottom-up empowerment focuses on actions that are doable and
relevant for individuals [4, 84] to increase a sense of agency and
con�dence [79, 101].

Another relevant factor to bottom-up �ood resilience is indi-
viduals' sense of shared and social responsibility within a com-
munity. Strong local support networks and neighborhood con-
nections increase resilience compared to less connected commu-
nities [3, 78, 88, 98, 105, 108]. High social responsibility can be
achieved by engaging people in shared, doable projects [67] and
by increasing awareness and understanding of the local risk situ-
ation, as well as one's own role in counterbalancing the risk [45].
In Zimmerman[124]'s work, bottom-up empowerment concerns
measures at the individual and organizational levels. Additionally,
empowerment requires considering the interdependencies between
the involved levels and parties [11, 13]. Considering these fac-
tors, researchers and designers have explored various 3D simu-
lation games [28, 30, 57], 2D computer games [7, 81], and board
games [19, 38, 112] to increase �ood resilience through learning
and social engagement. For example, �ood simulation games in
virtual reality can be immersive and educate players about evacu-
ation behaviors [57]. Similarly, Taillandier et al. [110]introduced
dynamically evolving sketch maps to share relevant information
with locals and trigger discussion. An advantage of all of these
games and playful approaches is that they allow learning through
experience [31], which facilitates understanding complex relations
and correlations [7, 18, 31, 65, 115, 117]. We will utilize the identi-
�ed relevant factors and prior explorations in our game concept,
for example, by emphasizing individuals' agency and participative
e�cacy in enhancing �ood resilience for others. However, Gardiner
et al. [39] also note that bottom-up interventions remain underex-
plored. In line with Rigby et al. [97], they explain the complexity
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of the ever-evolving, diverging local weather conditions, which are
challenging to account for and incorporate into the design.

2.3 Design for Behavior Change toward Action
Taking

To increase bottom-up climate resilience, we need to design in-
terventions that support users in taking countermeasures and in
playing an active role in their own, their family's, and their com-
munity's resilience. Within HCI, researchers have explored var-
ious approaches to designing for this kind of behavior change,
including persuasive [5, 83], re�ective [74] and transformative
games [24], technology-mediated nudges [16, 17], context-aware
interventions [21], socially contextualized interactions [27], and
compassionate computing for prosocial behavior [63,106]. Transfor-
mative games, for example, aim to �transform� a player's behavior
persistently beyond the game experience toward a speci�c target
behavior [24]. This includes games that increase cybersecurity by
training players in the necessary skills [20] or developing health-
ier sleeping habits by, e.g., playfully reducing co�ee consumption
and habits in o�ce environments [93]. In comparison, non-game-
related alternatives, such as nudges, intervene in users' cognitive
decision-making by implicitly promoting decisions that seem more
optimal for a given situation, such as opting for the bicycle instead
of the car [59]. Alternatively, in Pimenta et al. [90], the authors
compared 32 context-aware applications to support healthy behav-
ior. Their results emphasized the need to trigger users' willingness
to engage and to provide the necessary knowledge and training to
perform a desired action. Other work has shown that users' willing-
ness can be increased by designing meaningful interactions that, for
example, foster sensemaking [73] or compassion toward self and
others [63, 64]. A commonality among all these approaches is the
attempt to induce behavior change through more implicit means
by relating interactions to users' everyday contexts and activities.

Another challenge regarding real-world action taking concerns
users' engagement at various stages of an interaction experience [45,
90]. This includes designing the technology to be inviting and en-
gaging as well as creating a lasting impression that (ideally) triggers
users' engagement in �ood resilience-related countermeasures well
beyond the experience. Hookham and Nesbitt[47] distinguishes
among engagement types, goals, and contexts. In line with [75],
they de�ne player engagement as the state of being immersed
in gameplay, for example, by fostering civic engagement, which
encompasses the possibility for users to engage in social problem-
solving and take on real-world advocacy. In the context of sustain-
ability, Reed et al. [95] emphasize the in�uence of power dynamics
and users' social and cultural values on situational and continuous
engagement, which should be taken into account in interaction
design. Our work builds on these insights by using co-design to
identify and transfer relevant local knowledge into an engaging
intergenerational, collaborative game.

3 Local Context and Positionality Statement
Santa Cruz, CA, has long been a high-�ood-risk area with peri-
odic severe impacts on the local community, including property
damage and displacement. As with many communities, the risk of
�ooding is increasing with climate change. The Seymour Center,

our local collaboration partners, and a community-led educational
Center, educate the broader public on marine life and environmen-
tal ecosystems, including natural hazard impacts. Communicating
and educating about realizable and achievable community actions
are at the forefront of the Center's values, alongside inclusion and
diversity, as well as local relevance and adaptation. This is also
re�ected in the content being o�ered in both English and Spanish.
These principles were inspired by The Participatory Museum book
by Simon[103]and applied to create a locally relevant, scienti�cally
rigorous, and meaningful space for visitors. We installed the game
in their gallery of playful but non-interactive educational stations.
All researchers have lived in the local community for at least a year.
One researcher is a permanent resident; the others are temporary.

4 Game Design, Development and Early
Playtesting

We developed a locally adapted, intergenerational, collaborative,
and digitally enhanced �ood resilience game (see Figure 1) through
an iterative research for and through co-design approach. Research
for design informs the design of an artefact [35], such as an in-
teractive game, and is an established approach within HCI design
research [40]. Research through co-design integrates co-design
practices as core components of a research through design approach,
emphasizing shared design values, working practices, and goals
throughout the process [14]. The approach supports the making of
design artifacts that generate new domain knowledge. In our work,
the game serves as the design artifact to gain insights into interven-
tions that increase awareness, a sense of agency, and empowerment
through intergenerational, collaborative play. Our approach par-
tially replicated the design process described in [44]'s work, using
their data. Figure 2 summarizes the methods applied in the process.
We engaged adults in our co-design process because our game con-
cept was targeted at facilitating adult understanding of the concepts
embedded in the games, leading to the sharing of these learnings
with their children in intergenerational exchange, both within the
context of the game and beyond. Our collaborators at the center
had a strong understanding of intergenerational audience dynamics
at their exhibits, which also informed the design.

4.1 Research for and Through Co-Design:
Methods and Iterative Results

We began the research for the game design with a two-hour �eld
visit at the Center, entering with as little prior knowledge as possi-
ble to learn about the spatial setup, visitor pro�les and behaviors,
and the type of exhibition pieces from an open-minded perspec-
tive. With this, we gathered insights from onsite following phe-
nomenological approaches [86, 119]. Two observations were that
all educational exhibition pieces were placed on tables and were
non-technological. Visitors were mainly families of all ages. We
used the impressions to brainstorm ideas and create storyboards
for the �rst focus group with (n=4) Center experts.

In focus group I, we met our collaboration partners, the experts,
for the �rst time. All experts were from the Center and thus famil-
iar with onsite requirements and visitor pro�les, as well as local
conditions, speci�cs, and countermeasures led by authorities. Two
experts worked as curators, and the other two were the Center's
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Figure 2: The Game Design and Development Process: We iterated on the game concept, design, and development after each
method.

executive and deputy directors. With their knowledge and insights
about the visitors' pro�les, the experts served as proxies for their
visitors. Together, we �rst discussed local resources, needs, and
gaps related to �ood resilience, then aligned on design values and
goals before collectively examining the storyboards. The discussion
revealed the following principles relevant to and represented in the
Center's approach to designing their visitor spaces: a) promoting
community actions and local relevance, b) emphasizing achievable
goals and actions, c) relating those goals and actions to science
and scienti�c �ndings, and d) triggering a sense of empowerment
and agency to foster hope. Through discussion, we aligned on lo-
cal adaptation to increase empowerment for community action,
and that the goal of increasing awareness and understanding of
one's own role and agency should be at the core of our game. In
addition, the �rst focus group narrowed the concept down to an
interactive tabletop game enhanced by projected �ood scenarios
and additional tangible elements, which later evolved into card
game components. While discussing di�erent ideas and options,
we decided on a tabletop game that would integrate well with the
overall exhibition and be more child-friendly through its tangible
components, fostering their curiosity and engagement. Further-
more, the primary challenge regarding �ood resilience was the lack
of connectivity and communication between the broader public and
authorities, leaving non-experts unaware of local risks, existing re-
sources, contacts, and countermeasures that they could implement
independently. While the experts were aware of countermeasures
and initiatives from authorities, they had limited knowledge about
what non-experts could do. With these results, the �rst focus group
identi�ed shared design values for the further design process and
knowledge gaps. It helped us align on the game type (tabletop) and
topic (�ood resilience). During both focus groups, two researchers
took notes about discussion points and agreed-upon decisions. The
experts remained the same in both groups and provided informed
consent.

As the next step, we collected doable and already locally applied
countermeasures for non-experts related to �ooding and reasons
for not engaging by creating an online survey in Qualtrics. We
distributed the survey through posters at bus stops, posts in local

social media groups, and via the Center's email network. Thirteen
people (ranging in age from 19 to 77 years old," = 38) provided
informed consent and participated in the survey without receiving
any reimbursement. The survey results comprised 27 action items
related to information sharing, social relations with neighbors,
maintenance, and other areas, e.g., �Developing relationships with
neighbors� Two researchers clustered the suggestions thematically
in �ve groups: 1) Community Engagement, 2) Information Source,
3) Maintenance Tasks, 4) Neighborhood Relations, and 5) Family,
Pets and Friends. The cluster served as a basis for discussion in the
second focus group.

Focus group II aimed to re�ne the actions identi�ed through
the survey and align on game concept updates. We �rst presented
the updates. Those included an example visualization of the �ood-
ing scenario using a map of the community's highest �ood-risk
area. Also, we suggested letting players experience and make de-
cisions across four �ood phases: long before, immediately before,
during, and after. We derived three of these four stages (immedi-
ately before, during, and after) by drawing on ongoing research
on �ood resilience [1, 4] and decided to add another preparation
layer to emphasize early mitigation actions that players could start
implementing immediately after the game experience. Lastly, we in-
troduced the idea of providing actions through a card deck because
cards can be easily switched out and extended, and are familiar
game components that support intuitive handling across gener-
ations [44], as seen in games such as UNO [70] or CHEAT [66].
While the experts appreciated the map visualization of the local
area, they noted the need to include elements that engage younger
children who are not yet able to read or play independently. This
resulted in the decision to create 3D animated characters as part
of the projected �ooding scenarios for young children to watch.
The experts also liked the greater emphasis on �ood preparation
and prevention through two phases before an event hits, and ap-
preciated and agreed with all the �ood phases overall. To iterate
on the action items, we provided a complete list of all 27 items and
asked the experts for further ideas, changes, and opinions on the
relevance of each item. This led to excluding suggestions, such as
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�checking on new gadgets and gear�, as too unspeci�c and less rele-
vant than other suggestions. We also asked the experts to co-design
the playing cards and rate each action item's relevance on a scale
from �zero: not at all� to �four: highly relevant� for each of the four
�ood phases. We further used this to re�ect how many points a
player can get in the game per item and phase. With these insights,
we created a �rst low-�delity prototype to test the game concept
in the team's lab.

During internal testing, all players had four game moves in total
and drew four action cards at the beginning. Each card contributed
to the collaborative �ood resilience score and was from one of the
�ve identi�ed categories. To get the highest possible score, players
must earn points in all categories and play the ideal actions in the
correct �ood phase. Figure 3 shows an example of actions from
one category mapped to the �ood phases. As we developed 20
cards, a �ve-player game would have all cards available to cover all
categories. In comparison, four or fewer players with fewer drawn
cards would be put at a disadvantage. When testing the prototype
internally with three team members, we discussed the scoring and
the challenge of maintaining fairness for di�erent player counts.
We decided to iterate on the concept so that, in four-player games or
fewer, each player would be allowed to swap a card once, ensuring
they have cards from all categories to play. Based on the iterations,
we developed a �rst interactive, mid-�delity prototype and tested
it with two pairs of students from our institution. The test revealed
several technical implementation issues, but con�rmed the iterated
concept as understandable and collaborative.

4.2 Game Design Values
Our approach identi�ed �ve shared design values that guided game
development, with the aligned goal of increasing players' awareness,
agency, and engagement in individual and community actions.

Local Adaptation. This design value merges �ndings from related
work about locally adapted concepts contributing to increasing un-
derstanding and connectedness [8, 32] and our focus group I results,
considering the Center's principle of promoting local actions, re-
sources, and initiatives. In addition, providing local entry points
to engage in �ood-resilience-related initiatives can facilitate en-
gagement beyond the gaming experience. We locally adapted the
concept in three main ways: 1) the core idea is for players to help
Santa Cruz increase its �ood resilience. For this, we built �ood-
phase animations around the city's high-risk area, which includes
the area where many people shop and socialize. Thus, the area is
well known and personally meaningful to many visitors. Addition-
ally, 2) game actions re�ect actions that others already take in their
real-life surroundings and are, thus, highly practice-focused. 3) We
created animated characters representing animals from the local
area and representing the local demographics that we will describe
further below.

Collaboration. Two principles identi�ed in focus group I were
the need to emphasize community action and to integrate scienti�c
�ndings. As science has shown that �ood resilience is a collective
issue [104], requiring us to work together, we focused on a col-
laborative game. In addition, a cooperative game emphasizes the
need for community action and connectedness by strengthening

players' sense of connectedness as they work together towards
a shared goal [41]. Additionally, higher social connectedness and
support within a community can lead to greater individual empow-
erment [77]. Our game concept fosters collaboration by awarding a
high score only when players work together and complement each
other's moves and categories.

Intergenerational. Our �eld visit, as well as the co-design with
experts sessions, identi�ed visitor pro�les as mostly intergenera-
tional groups, including younger children aged four up to adults
over seventy. In our game, we wanted to leverage the bene�ts of
intergenerational exchange, recognizing that this can foster a sense
of belonging and intellectual and social growth, particularly among
younger generations [89]. We fostered intergenerational play by
creating child-friendly animations and player stations and includ-
ing actions relevant to di�erent age groups. Additionally, we added
tangible components (cards and buttons) to increase and facilitate
engagement across age groups, aligning with prior work's �nd-
ings on the potential of tangible interfaces [15, 48] and to better
integrate the game into the Center's spatial setup and concept.

Awareness. This design value re�ects the need identi�ed in focus
group I to increase awareness of local resources and possibilities to
engage, as well as for individuals' agency and participatory e�cacy
in changing their own, their family's, and their community's �ood
resilience. In the game, we aim to increase awareness by building
on the values of locally adapted actions and collaboration. Addi-
tionally, a parent's awareness of their responsibility to foster and
their impact on their child's participatory e�cacy and sense of
agency is another type of awareness we aim to increase through
intergenerational play.

Empowerment. Similar to awareness, this design value in�uenced
our decision to focus on a locally adapted, collaborative, and inter-
generational game. We built our understanding of empowerment
based on Stoe�er[107]'s introduction of empowerment through
collective actions (power with), and on Schneider et al. [99]'s em-
powerment regarding the power to change something. Our game
re�ected these directions of empowerment by supporting individ-
ual action-taking while working towards a shared goal. We also
re�ected this in the interaction �ow by creating modular player
stations that allow players to lock in their choices individually but
only enable progress to the next phase when all players have made
their decisions.

4.3 Final Game Concept and Setup
The �nal game concept is a collaborative card and tabletop game
in which players aim to increase Santa Cruz's �ood resilience by
collaboratively taking the ideal actions in the right �ood phases.
Flood phases, progress, and success are displayed through projected
animations and automatically updated scores. The game is played
standing, with two to �ve players, and the highest possible score
varies with the number of players. The game targets intergenera-
tional gameplay for players aged eight and older. Each player draws
four cards randomly and has to decide together with the others in
what phase to play which action card. The actions (see Figure 3)
contribute zero to four points depending on the phase in which
they are played. For example, participating in a workshop on �ood
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Figure 3: Players had to decide in what �ood phase which action makes the most sense to play. Here is an example along the
Family, Pets & Friends category.

resilience during or after a �ood earns fewer points than doing so
before. The overall score consists of �ve plus one stars; one star for
each category and a sixth star if all categories have been played
to their possible maximum, depending on the number of players.
This also means players need to earn points in all �ve categories
to achieve a high score. Since each player can only log 4 actions,
they need to collaborate to cover all 5 categories. If the team has
fewer than �ve players, each player may swap a card once in the
game. For logging a card, the player positions the card on top of
the player station (see Figure 4) and presses the button to con�rm
their input. This repeats until all phases are played.

4.3.1 Game Infrastructure and Technologies. The game runs on a
Raspberry Pi 5 (RPi5) as the central unit, processing player inputs
and triggering animation videos of the di�erent �ooding phases and
animated characters via Python scripts. We use the Arduino serial
library, the PyGame version 2.6.1, and the threading library from the
3.9.6 version of Python for hardware communication, and build on
PyGame features for front-end visualization, score calculations, and
video integration. The RPi5 is connected to each player station's Pi
Pico. We aimed to build modular player stations so we could easily
replace them if one broke. Thus, each station consists of four NFC
tag readers, a button, and a Pi Pico. The sensors are attached to the
top layer of each station. We integrated the NFC tags at the bottom
of a custom 3D-printed card stand, which minimized the distance
to the readers. Furthermore, we made a start button to activate or
restart a game. For projecting the animations and scores, we use a
Panasonic WUXGA Short-Throw projector mounted about 3.8 ft
above the table. The tables are about 2.75 ft wide and 5.6 ft long,
and framed by a yellow metal rack.

4.3.2 Design Elements. The game comprises several design ele-
ments, including the playing cards, the score display (Figure 5), and
the animations.

Cards and Categories. We created the cards using Adobe Illus-
trator 2025 to facilitate composition and replication, and Adobe
Fire�y, Adobe's text-to-image arti�cial intelligence (AI), to generate
the images for each card. Cards referring to speci�c information
sources or local resources and institutions incorporated QR codes
that led players to the respective website for further information.

We also added the category icons in the top-left corner and scores
per phase at the top to facilitate discussion and decision-making.
Each of the �ve categories, Information Sources, Neighborhood Rela-
tions, Maintenance Tasks, Community Engagement, and Maintenance
Tasks, also relates to one speci�c background color, so that players
could easily understand which action belongs to which category.
We reused the category icons and colors in the score visualizations
(see Figure 5) by displaying a progress bar in the respective color,
which gradually frames the icon as players earn more points. The
progress bars were updated in real time and implemented in Python.

Animations. We created the animations in Blender. The basis is
a map of Santa Cruz's high-�ood-risk area. We adjusted lighting,
weather, and water levels for each phase and created 10-second
transition animations to switch between phases smoothly. Each
phase video loops until all active players have submitted their in-
put to trigger the change. As agreed with the experts during our
co-design process, we also integrated animated characters walking,
swimming, or running through the image. The character choices
are locally contextualized by reusing three animal characters fa-
miliar in the area and two human characters, a boy and a woman,
whose appearances represent the two main ethnicities of the local
population, White and Hispanic. By including characters with di-
verse age appearances, we aimed to facilitate identi�cation with
the game for both younger children and adults.

4.4 Game Play
To play the game, players must �rst set the language and activate
the selected player stations. For this, they press the start button
to switch to the language prompt. By quickly pressing the button,
players can switch between English and Spanish, both of which are
languages relevant in the Center context. A long press con�rms
the selection and moves to the step of activating the stations. To
activate the player stations for the correct number of players (2-5),
each player selects a station and presses its button. The input is
con�rmed with another long press on the start button, and the
game switches to playing mode, entering the �rst-phase anima-
tion. With this, the RPi5 starts listening to the sensor data. Each
player selects four cards. Depending on the preferred language,
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