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Abstract
Flood response planning in local communities is often hindered by fragmented communication across Disaster
Risk Reduction and Management (DRRM) councils. In this work, we explore how extended reality (XR) can
support more effective planning through narrative-driven design. We present Routscape, an XR prototype for
visualizing flood scenarios and evacuation routes, developed through iterative prototyping and user-centered
design with DRRM officers. By grounding the system in real-world experiences and localized narratives, we
highlight how XR can aid in fostering shared understanding and spatial sensemaking in disaster preparedness
efforts.

Keywords
extended reality, iterative prototyping, flood evacuation, flood planning, flood preparedness, disaster risk reduction

1. Introduction and Background

The Philippines faces heightened exposure to natural hazards, especially typhoons, making disaster
risk reduction a national priority. The National Disaster Risk Reduction Management Plan emphasizes
the importance of risk assessments as a foundational step toward preparedness. Key stakeholders in
flood evacuation planning rely on structured frameworks for risk assessment [1, 2, 3, 4], alongside
evaluations of flood risk and evacuation centers [5, 6, 7]. These tools form the basis for proactive
planning strategies.

However, the implementation of disaster preparedness remains hindered by coordination challenges
across institutions [8]. For instance, during Typhoon Ketsana (local: Tropical Storm Ondoy), the
Philippine National Capital Region was both affected and responsible for providing aid, illustrating the
blurred boundaries between victims and responders. In the case of Severe Tropical Storm Washi (local:
Severe Tropical Storm Sendong), recommended pre-emptive evacuation measures were not carried out.

We have seen multiple works aimed at simulating flood data [9, 10, 11, 12, 13], using Virtual Reality
(VR) in disaster response training [14, 15, 16], and demonstrating the capabilities of Mixed Reality
(MR) devices while implementing collaborative features [17]. There is also a similar work using XR
for collaborative wildfire evacuation planning [18]. Much of our work was derived from the work of
Rydvanskiy and Hedley [17], which focused on collaborative MR for flood simulation.

Effective flood preparedness requires coordinated planning across multiple actors [8]. Ghosh et al. [18]
mentioned that XR supports collaborative “immersive sensemaking.” We define visualization and
collaboration as key features for collaborative sensemaking. The works we have seen aid in both of these
features. Thus, we see an opportunity for XR to support coordinated planning by offering accessible,
real-time tools for collaborative response—a key indicator of preparedness [1, 2, 19]. XR has been shown
to facilitate collaboration in complex spatial tasks [20], yet its application in flood evacuation planning
involving multiple stakeholders remains largely unexplored.
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Figure 1: Overview of the XR testing setup showing camera placements and user play area.

In this work, we present RoutScape, a synchronous collaborative XR prototype developed through
iterative prototyping and user-centered design. Drawing from real-world flood scenarios and grounded
in user feedback, we explore how narrative-driven XR design can support communication and planning
in disaster contexts. Our contributions are the initial insights drawn from the user testing we have
conducted to date.

2. Iterative Prototyping of RoutScape

We conducted two main phases: (1) development and iterative prototyping of a proof-of-concept (PoC),
and (2) refinement and iterative prototyping of RoutScape.

All iterations within the two phases followed a similar workflow: prioritizing specific features,
building interactive prototypes, conducting expert-led testing sessions, and refining the design based
on the feedback collected. Moreover, we created a setup that applies to both phases where there is
a) a camera that captures the movements of the participants, b) a lapel microphone attached to all
participants, and c) a projector displaying the point of view of the headset (see Figure 1). We partnered
with experts in geospatial data visualization as well as disaster risk reduction management officers, in
which none of the participants had prior hands on experience in XR technologies. Lastly, demographic
data, such as the participant’s age, was not formally recorded. They have actively participated in each
iteration, offering valuable feedback and expertise in refining the features of RoutScape.

2.1. RoutScape Proof-of-Concept

We implemented a proof-of-concept (PoC) prototype using Bezi, with its initial features inspired by
previous works [9, 17, 18]. This initial version was designed for single-user interaction, focusing on
key visualizations and interaction techniques for flood evacuation planning. Here, the user is shown a
god’s eye view of the map; they are able to pan, zoom, and rotate, visualize different flood levels, plot a
pin on specific locations, and draw routes (see Figure 2). Each session followed a set of steps where 1)
the identified priority features are demonstrated, 2) the prototype is used by the participants one at
a time, and 3) feedback is gathered through questions formed by the authors throughout the session.
Participants used a Meta Quest 2 headset to interact with the PoC, using the controller instead of hand
gestures. Insights from these sessions informed the development of the next version of RoutScape.

2.2. RoutScape Prototype

Building upon our findings and insights from the previous phase, we refined the core features to develop
RoutScape. This is developed in the Unity game engine, using the Meta XR All-in-One SDK. While the
core features of the PoC was preserved (see Figure 3), this version employed hand gestures instead
of controllers and, moreover, supported multi-user interaction. Each session followed a similar flow
from the previous phase, but with the following changes: 1) strictly two participants are synchronously



Figure 2: Features: Navigating the Map (top-left), Plotting Pins (top-right), Drawing Routes (bottom-left), Flood
Visualization (bottom-right).

interacting with the prototype, and 2) instead of freely interacting the prototype, a simple set of tasks
are given for the participants to accomplish. We used a Meta Quest 2 and Meta Quest 3 headset to
accommodate two participants.

3. Insights Learned and Discussion

Our evaluation of the PoC with DRRM officers and geospatial experts underscored the critical role of
visualization in flood evacuation planning. DRRM officers emphasized the need to integrate contextual
data—such as flood hazard zones—directly into the visual interface to support more informed decision-
making. Meanwhile, geospatial experts focused primarily on gesture design and interaction techniques.
Since the PoC supported only single-user interaction, collaboration-related feedback was not captured
during this phase. These findings informed the design and development of our multi-user prototype,
RoutScape.

Subsequent iterations with RoutScape reaffirmed the importance of effective data visualization.
Participants highlighted the need for clearly legible text on the map, as well as displaying point-of-



Figure 3: Features: Panning (top-left), Zooming (top-right), Rotating (middle-left), Plotting (middle-right),
Routing (bottom-left), Flood Visualization (bottom-right).

interests similar to Google Maps; which helped users orient themselves within the spatial context.
Visualizing critical point facilities—such as evacuation centers; as well as a smoother route-drawing
experience—was seen as essential for route planning. Furthermore, both DRRM officers and geospatial
experts stressed the importance of representing flood depth to properly assess risk across different
areas. The DRRM officers suggested visualizing the flood depth similar to a flood hazard map, where
different colors represent either the hazard level or depth.

A notable limitation emerged that was emphasized by all experts: the cost and accessibility of head-
mounted displays (HMDs), which may constrain broader deployment of XR-based planning tools in
local government settings.

4. Conclusion and Future Work

In this paper, we introduced RoutScape, an XR tool designed to support synchronous, collaborative
flood evacuation planning. Through iterative prototyping with DRRM officers and geospatial experts,
we identified essential features for effective geospatial visualization, gesture-based interaction, and
spatial orientation in immersive environments. Our user-centered approach revealed how narrative
and domain-specific feedback can shape XR tools for disaster preparedness.

Moving forward, we aim to further develop RoutScape by incorporating insights from our design
iterations. Future work includes: a) conducting detailed evaluations of individual features with domain
experts to assess their utility and usability, and b) engaging stakeholders in structured feedback sessions



using a more complete prototype to explore additional use cases and refine the system for practical
deployment.
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