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Abstract

Early warning is the activity of the mitigation phase
concerned with monitoring precursors of a potential
hazard to decide whether it is evolving to real risk and
eventually initiate an early response. The first step
consists of collecting updated and reliable data to
support  situational awareness from emergency
operators. Data-centered Early Warning Systems
(EWS) are focused on gathering data and run
simulations to support decision-makers. A more
sustainable approach consists of a people-centered
EWS that takes profit from citizens who act as intelligent
sensors collecting and sharing purposeful information.
This people-centered approach can contribute to
raising community awareness of the local environment
and its vulnerabilities. In this paper, we introduce
iWarn, a system relying upon mobile computing and
gamification to integrate citizens in this process. The
system has been developed following an action research
approach to involve different stakeholders, including
professionals, volunteers, and citizens.

1. Introduction

The response to an emergency starts before
anything has happened during the preparedness and
mitigation phases when communities need to identify
the potential hazards they are exposed to and get ready
to react as efficiently as possible. Early warning is part
of the mitigation phase. It consists of monitoring
precursors of a potential hazard to decide whether it is
evolving to a real risk so that an early response can be
fired [1]. For instance, wildfire early warning implies
checking precursors like vegetation dryness and weather
to help emergency operators decide when the situation
is risky enough to issue an alert [2]. Early Warning ICT-
based Systems (EWS henceforth) have been developed
to monitor wildfires, flooding, earthquakes, or tsunamis,
relying mainly on collecting data from sensors and using
simulations of the event evolution [3,4,5]. Such EWS
are mainly data-centered since they focus on collecting
and managing data. Other social and cultural issues
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could provide valuable information to understand the
potential impact of a specific hazard in a community.
For instance, in the wildfire scenario, it would be helpful
also to check things like the existence of fuels in the
area, uncontrolled human activities (e.g., spontaneous
gatherings or seasonal settlements) [3], groups of
citizens with special needs, community habits and
available resources to mobilize if required. In [1], the
authors introduce a decentralized and people-centered
EWS to generate awareness about vulnerabilities and
better prepare for hazards the affected communities. The
EWS is based on networks of people who share
information mainly through radio. This approach was
followed by communities of practitioners like FEWSN,
AEWN, REMER, or RACES [6].

Most of these people-centered EWS rely upon
communities of volunteers, whilst the goal of early
warning "is fo empower individuals and communities,
threatened by hazards and crisis situations, to act in an
appropriate manner so as to reduce the possibility of
personal injuries and material damages" [7]. In this
paper, we posit that to involve citizens' needs in the
process, emergency management (EM henceforth) has
to turn into a coproduction service that relies upon and
strengthens communities whilst coping with the
requirements and protocols of the EM organizations [8].
A coproduction of EWS based on the fruitful
participation and collaboration of experts, volunteers,
and citizens will be more efficient and sustainable. It
will be more efficient since varied resources, abilities,
and capabilities can be integrated to get a more complete
picture of the situation and, therefore, improve situation
awareness [9]. It will be more sustainable as
coproduction relies upon the social capital of
communities [10] and their digital social capital [11],
that is, online communities that pursue a common goal.

In this paper, we introduce iWarn, a people-
centered EWS relying upon mobile computing to
integrate citizens in this process that has been developed
following an action research approach. The design of the
system involved professional EM workers and
volunteers in an iterative cycle of analysis, action,
assessment, and learning where under-designed
prototypes and models helped to focus attention on how
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to empower participants and decision-makers. In the last
cycle the resulting prototype was validated with
citizens.

The remaining of the paper is organized as follows.
Section 2 reviews related works on people centered EM
that motivate this research. Section 3 introduces the
iWarn system whose design process following an action
research approach is described in section 4. Section 5
includes the last evaluation and finally, section 6 draws
some conclusions.

2. People-centered early warning

After the devastating effects of 2004 Indian Ocean
tsunamis, early warning emerged as a key activity to
decrease the impact of natural or man-made hazards by
supporting better situation awareness and early response
protocols [1]. Early warning is often implemented as an
iteration of collecting data and monitoring precursors,
analyzing data to identify hazards, communicating
hazards, and starting early response activities to
minimize the hazard impact [1]. There are already EWS
that make use of sensors and radar based information as
well as simulations of the event evolution [3,4,5]. What
we propose in this work is to integrate citizens in this
process as claimed in [1,7,8,12], in order to provide a
better service to the community and to build more
resilient communities, aware of the risks they might be
exposed to and with capacity to recover effectively from
disasters [13]. To the best of our knowledge there are no
similar systems to support participatory EWS.

Local-level or participatory EM roots on the idea
that “emergency management capacity is built from the
ground up”[14]. By promoting the participation of
citizens as active agents [15] we can contribute to
generate resilient communities that have their own
capacities and resources to deal with hazards and
disasters [10]. Whilst in a command-and-control system
early warning will depend on data-centered approaches
managed by governmental agencies a participatory
perspective will follow a people-centered approach
where citizens contribute as intelligent sensors [12]. In
this case, citizens are not only reactive to the crisis, but
they can also be proactive and be prepared to be less
vulnerable. People-centered EWS require empowering
both citizens but also organizations that hold the EM
responsibility. Citizen-generated content can only be
useful if properly aggregated, filtered and reorganized
to generate knowledge that can be understood and
managed by EM workers.

Mobile computing technologies provide the means
to collect different types of data about potential hazards
and their evolution, using both artificial and human
sensors. For instance, weSenselt combines human and
artificial sensors for flood management [12]. In this

paper we explore interaction design issues related with
people-centered EWS and, in particular, we aim at
understanding how technological tools have to be
designed to substantively empower both citizens and
institutions to act in an integrated way. For that to be
possible, EM workers and decisions makers must have
a stake in the design process to decide which
functionalities should be included to guarantee that the
final outcomes will be useful for them and will not
interfere with their protocols. On the other side, citizens
need to be engaged in a process whose utility is not self-
evident. Early warning is not an intrinsically rewarding
or motivating activity for citizens insofar the risk is not
perceived yet. For that reason, we will explore
gamification as a strategy to increase system
acceptance. Gamification is broadly defined as the use
of game-elements in non-game context [15]. In the EM
context gamification has been applied to increase
motivation with training purposes in [17,18].

3. The iWarn EWS

People-centered EWS aims at preparing operators,
volunteers, and citizens to be ready when an emergency
occurs so its impact on the community can be reduced.
The participation of citizens and volunteers is crucial to
help the operators in collecting information about a
specific situation by continuously checking the
evolution the hazard precursors and the status of the
potentially affected area. In the EM operation center,
this information can be used to understand how the
hazard is evolving and determine whether an alert or
warning to the population must be issued. In this
context, iWarn is an EWS supporting professionals,
volunteers, and citizens in monitoring potential risks in
a specific geographical area. The design of iWarn is
based on the results collected during the two iterations
of the action research cycle described in section 4. For
the sake of clarity, the description of the final system is
included before the method.

3.1. iWarn Architecture

The iWarn architecture consists of two main
components (see Figure 1): the operation desktop and
the mobile application. The desktop system is where
early warning monitoring is carried out. Information
from precursors of potential risks can be received from
external sources or directly added by emergency
operators. With this information the operator decides
whether to create or not a mission to collect information.
The mission is the gamified concept introduced to
motivate citizens to participate and it is performed in the
mobile application. Citizens can enroll missions by
invitation, and they join them as part of a collaborative
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team. Potential participants receive notifications from
the system to join the mission and if they accept they
can start sending back information. Operators also
assign a leader to each team who will be in charge of
monitoring and orchestrating participation. The leader
was included to alleviate the operator’s tasks since she
will filter the information collected and she will also
guide participants. The leader can be an operator or a
volunteer with extensive experience in managing
critical ~situations. This approach follows the
participatory structure defined in [8] where citizens are
divided into sensors and trusted sensors, nodes and
agents depending on their known capability to

contribute to a mission.
Participant
Potential missions

Operator Mission info

Leader
— Number/type of m_ ______ -
participants [© -]
_____ >N} ¥ Mission+Participants Info
- -]

e _ Sy —
Contributions e ) - —
g Contributions

DESKTOP/CORE SYSTEM SERVER APP

Figure 1. The iWARN Architecture
3.2. The iWarn Desktop

iWarn desktop allows EM operators to manage geo-
localized information about early warnings and
integrate citizen participation. To support usage in a
multidevice environment, it is designed as a responsive
website (see screenshots in Figure 2).

Considering that the use of geographic data is
critical for any emergency situation, the map is the main
element of the interface (see Figure 2a). Active early
warnings are visualized as colored areas, so that the
operator has visual feedback on open operations. The
color represents the severity of the early warning for
which the official scale defined by the Spanish Civil
Protection is used. Users can interact with each shape on
the map to get more details as well as create a new
warning, receive new notifications and access to their
profile.

New early warning operations are created by using
a form whose fields follow the official templates used
by the Spanish Civil Protection (Figure 2b). Early
warnings can also be imported from other sources. The
system automatically checks the news issued by the
National Weather Agency and allows the operator to
import them. In the previous version early warning
operations were directly linked to citizens missions so
they were created at the same time. Considering the
results of the focus group (see below) this action was

detached from the mission, so that the operator can
decide whether an early warning requires citizen
participation or not and still use the same interface to
check all open operations.

When creating a mission (Figure 2c), operators
have to specify several data including: the title, the
leader, the communication channel (i.e., mobile app,
messaging services, social networks, and radio), the
profile of participants (e.g., REMER, volunteers, or
citizens), the quantity of information to collect (i.e., the
maximum number of participants and the maximum
number of images to send), the gamified reward in case
of successful participation.

Operators can check the status of open early
warnings (see Figure 2d) by clicking on the shapes of
the map. This action opens a popup containing more
details about the warning: the author to promote
credibility, the affected area, a description, and three
option to archive the warning if solved, open a direct
communication channel with the author and navigate the
multimedia content sent by the citizens.

A -

= () e trvmca T

I A—

d. Checking results

c. Creating missions
Figure 2. Interface of the iWarn desktop system
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3.3. iWarn Mobile Application

The mobile application is used by leaders and
participants to collect pictures on the affected areas and
precursors of a potential hazard. Leaders are in charge
of coordinating the citizens’ activities and
communicating with the central system. The app is
developed using Ionic Framework 5 and Angular and
compiled for Android and iOS platforms.

Top Thank you!
citzenship

Posts Badgs

Response Time

Figure 3. Screenshots of iWarn mobile app. From left
to the right: available missions, chat, map, and profile.

After logging in, users can access three sections:
Available Missions, My Missions, and Profile (see
Figure 3). The first section shows the list of invitations
received (see Figure 3 available missions screen).
Leaders and volunteers can accept or not participating
in a mission, but they cannot negotiate the terms of the
mission. Once leaders accept a mission, they can send
invitations to potential participants. The section My
Missions shows the ongoing and completed missions.
The ongoing missions are associated with a chat where
the leader and the volunteers share geolocated images
and text messages. The leader is responsible for
moderating the chat to guide the volunteers, provide
further information, and filter the most valuable content
for the operator (see Figure 3, chat screen). It is also
possible to visualize the images and the current location
of the active participants to know which areas have
already been explored (see Figure 3 map screen). The
leader also has a gallery to select the most valuable
images, a participant list to invite more volunteers and
give them a personal thank you message, and a report
section to close the mission and notify the central
system. The last section of the application is the user
Profile with information about the activity measured as
the number of sent messages, completed missions, and
received thank you (see figure 3 profile screen).

4. Action research cycle

The work of our research group on EWS started by
a petition of the Spanish General Directorate of Civil

Protection and Emergencies (DGPCE) to provide an
ICT platform for the existing radio amateurs network
(REMER) whose members participate in early warning
activities. The initial goal was to incorporate the benefits
of mobile computing as an additional communication
channel to the radio, for which the remerWEB platform
was deployed [19]. The interface and functionalities
were codesigned with members of DGPCE in charge of
the REMER network and was evaluated with REMER
members [6, 19]. The next step was to open participation
to citizens so that the EWS could be used to improve
community’s awareness and preparation. From a
technical point of view incorporating a different kind of
user might not seem a challenge, but from a point of
view of technology acceptance is a design wicked
problem. As discussed in the previous sections,
integrating citizens in EM activities implies
understanding why and how they will participate
without interfering with existing protocols nor putting
themselves in danger. We carried out different studies
to understand how to proceed as reported in [8] and
finally decided to apply an action research approach
[20]. The design of the system involved professional
EM workers and volunteers in an iterative cycle of
analysis, action, assessment and learning. Prototypes
and models helped to identify how iWarn could
empower both participants and decision makers.

4.1. First Iteration: defining the iWWarn
Architecture

The first iteration of the action research approach
started by studying not only the literature about EWS
and related concepts like coproduction and community-
based EM (see section 2), but also the domain of
application, to identify opportunities to integrate a
technological EWS. With that purpose, two exploratory
focus groups were run with professional EM workers
and volunteers who explored design artifacts like
models and under-designed prototypes with a view to
elicit the system requirements [8, 21, 22]. Since
operational technologies are challenging to deploy in the
EM domain due to political and organizational issues,
we focused on analyzing prototypes and models to
provide valuable hints on integrating acceptable
technology in real situations.

The main objective of iWarn is to offer a platform
to ease the flow of information among EM agencies,
other official sources like the weather or traffic
monitoring services, volunteers, and citizens. The
potential usage of this kind of tool in a real scenario
depends mainly on whether EM workers rely on
collected data and are willing to use them in their daily
duties. To understand how EM workers perceive the
designed platform, we run an expert focus group as
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reported in [22]. After this focus group, several
improvements were identified and implemented as
described in [21]. The main result of this iteration was
the architecture described in section 3.1 and figure 1.

This architecture that considered the needs of EM
workers was evaluated in a second round using an
under-designed  prototype  that  showed  the
functionalities though it was not fully implemented as
described below.

4.2. Second Iteration: Asynchronous Expert
Focus Group

In the second iteration we collected feedback
through an expert focus group (EFG) with several
volunteers who evaluated the prototype resulting from
the previous cycle [22]. It was crucial to involve people
with knowledge on what early warning is and how it
impacts EM, so we invited five members of the REMER
network with extensive experience and reputation. Due
to the participants' schedules and geographical
locations, which made it impossible to run synchronous
and on-site activities, we organized an online
asynchronous EFG. We followed an approach
called bulletin board, where participants use an online
tool to discuss a set of topics during a limited number of
days [20]. In our case, the bulletin board was a
multimedia blog with ten topics related to different
aspects of iWarn (see Table 1). The topics selected
aimed at answering 3 questions on iWarn utility: (Q1)
Which are the main advantages and limitations of the
system?; (Q2) Which real scenarios could take
advantage of the platform?; and (Q3) Is gamification
useful for improving the information flow between
official channels and citizens?. Though this approach
can have limitations in terms of interaction between
remote participants its main benefits are convenience
and flexibility to adapt to the participants availability.
Moreover, participants do not have the pressure of other
people waiting for their answers, like it happens during
a face-to-face or synchronous activity [23], and they
have more time to think over their opinions and
suggestions. We used videos since to test the system you
have to set up a full team with operators, leaders and
participants and the goal of this EFG was to validate the
design decisions before running a full experiment.

Table 1. The ten topics used in the focus group with the
associated questions (Q1, Q2, Q3).

Id Topics
1 Overall opinions and suggestions about iWarn
QD

2 Configuration/notification of early warnings

Q1)

3 Receiving and sending information using the
iWarn mobile app (Q1)

Functionalities of the iWarn mobile app (Q1)
Participation in a mission (Q1)

Participation in a training or course (Q1)

The levels and points-based mechanism (Q3)
The teams-based mechanism (Q1, Q3)

The gamification approach (Q3)

Real use case of the iWarn tool (Q2)

—
o © 03N bk

Figure 4 shows an example of the bulletin board
entry for the first topic in Table 1. The figure is tagged
as the blog is in Spanish. Each topic included a video
showing how the system works for that specific
functionality, a textual description, and a set of
questions that the participants could use to build their
argumentation on the proposed solution's utility,
challenges, and limitations. The example in Figure 4
includes an introductory video of the architecture and
main functionalities of iWarn, and three questions to
raise discussion among participants: whether they liked
the idea, whether they will use iWarn and which
negative and positive aspects they found in participatory
early warning.

TITLE| Topic 1: ¢Es buena ideaiWarn?
INTRODUCTION | ..o = ™

MULTIMEDIA

= La interfaz web perm

DESCRIPTION

QUESTIONS

INTERACTIONS

Figure 4. Entry from the EFG blog

To analyze all the answers, we followed a
methodology based on grounded theory [24]. The
posted comments were categorized using triangulation
into three main arguments (communication COM, early
warning management EWM, and citizen participation
CP) and then they have been coded depending on the
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type of contribution (objectives OBJ, outcomes OUT,
causes CAU, consequences CON, and strategy &
actions STR). These codes are adapted from the axial
coding paradigm by Strauss and Corbin [25]. Objectives
and the causes represent the causal conditions that
generate the phenomenon to analyze (i.e., the utility of
iWarn). The consequences and the outcomes are the
negative and positive characteristics. The strategy &
actions collects proposals for an efficient use of iWarn.
We discuss these results using the three main arguments.

Table 2. Main results from the codification
Args  Results
OBJ. Quick way to track information
OBJ. Widespread audience
CAU. Drop communications
CON. Information overload
STR. Bidirectional communication
STR. Communication among agencies
STR. Data protection & privacy
STR. Integration with existing channels
OBJ. Supporting the decision making
OUT. Geo-localized information
CON. Wrong warnings categorization
STR. Integration of data from different sources
STR. Scalable and adaptive system
STR. Threshold for citizen participation
STR. Categorizing warnings by geographical
areas, types, and sources
OBJ. Promote a meaningful participation
OBJ. Citizen as human sensor
OBJ. Quick way to receive information
OUT. Segmented information
OUT. Large volume of information
CAU. Continuous involvement in missions
CAU. Overstimulation
CAU. Lack of trust, subjectivity, lack of
experience and knowledge
CON. Missions overload
CON. Tiredness and boredom
CON. Sending not useful information
CON. Risky situation for the citizen
CP CON. Not getting in touch with the agency
STR. Usable and accessible interfaces
STR. Feedbacks to the citizens
STR. Be aware of the app goal, scope, and the
privacy issues
STR. Public citizens’ roles
STR. Automatic information categorization
STR. Allow both open answers and guided
information collection
STR. Trust-based roles
STR. Points as measure for useful information
and received training courses
STR. Change in the team organization
STR. Collaboration

COM

EWM

Communication. When an early warning is
created, the emergency operators in charge can select
the communication channel to send the information,
including the iWarn mobile app, emails, SMS, social
network messages, and radio transmissions. Participants
valued iWarn as a way to reach a wider audience. The
operators can also directly contact the author of a
notification if they want to know more about it. Their
main concerns were about privacy and information
overload that is discussed again in the next argument.

Citizen Participation. As we can observe from the
answers collected during the focus group (see CP
section in Table 2), the participation of the citizens in
the early warning activities is considered crucial to
speed up the bidirectional communication with the
authorities. People can act as human sensors in charge
of quickly receive and send meaningful information
about the risks around them. In an additional study with
the first version of the gamified app we validated that
gamification can contribute to improve participation as
well as civic engagement [26]. However, using the
gamified app generated some concerns on experts based
on previous experiences interacting with citizens. They
worried mainly about the hyper engagement of the
citizens for upgrading levels in the gamified app, which
could lead to information overload on the emergency
operators’ side and risky situations on the citizens' side.
A strategy to solve this problem could be to
automatically retrieve as much data as possible about
the context, encourage for team creation, and
categorizing the information based on the semantics.

Another weak point is the trustability of data
gathered from the citizens that could be solved, for
example, assigning roles to people based on their
previous experience, knowledge and quality of their
participation. In this way, it would be possible to
validate received contributions, recognize those thar are
really useful and send appropriate feedback to
participants. Receiving positive feedback from the
authorities can represent another motivation for citizen
participation.

Early Warning Management. From the
emergency workers' point of view, the most interesting
system functionalities are the definition of geographical
areas on the map for locating the risks and the citizen
participation, and the integration of early warnings
coming from external sources, like the National
Weather Agency, with the information collected by the
citizens. This integration could generate an information
overload in particular in case of highly risky situations.
An action to take can be to introduce a ranking to
establish different categories of sources depending on
their level of trust and define thresholds in the early
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warning severity to decide whether to launch a mission
for the citizens.

As aresult of what we learned from the focus group,
the iWarn system was modified. Most changes affect the
gamified app though some of them also had an impact
in the desktop system. To avoid hyper-engagement
some gamification elements are validated by the leader
who will be also in charge of motivating participants and
filtering information. The final prototype is the one
described in section 3.

5. Evaluating iWarn EWS

The last step was the validation of iWarn. Giving
the situation created by the COVIDI9 pandemic
experiments with users had more constraints than ever,
not only citizens were still under the lockdown but also
EM workers were not always available for simulations.
At the end we found an opportunity with the Filomena
snowstorm to run an experiment to assess the citizens
perception of the app. With that purpose we use the
concept of user engagement (UE) that focuses on why a
specific technology appeals people to use it [27]. UE is
was assessed using the UES-Short Form [28] that also
included an open question to collect information on the
experience with the iWarn application..

5.1 Scenario of Use

The evaluation took place right after the snowstorm
Filomena that hit several urban areas of Spain that were
not used to such storms from the 7th to the 9th of
January 2021. The significant amount of snowfall and
the low temperatures along with the lack of preparation
of citizens and authorities, caused large ice patches
during the following week, paralyzing several urban
areas, and creating damages that have not been
completely arranged ten months later. In this scenario,
and once streets were cleared up and the situation was
safe, we asked a group of citizens to evaluate the iWarn
app by participating in a mission to collect data about
potential damages they could identify in their
surroundings. At that moment the lock down was still
active in the areas affected by the storm, so that citizens
could not gather physically. Using the app in a
collaborative mission was also an opportunity to engage
with other people in a common challenge, so though the
activity could not be considered as a sheer early warning
it was a good chance to motivate participants to test the

app.

5.2 Experiment

We recruited twenty-five citizens to participate in
the experiment from diverse backgrounds and with
different levels of education, between 18 to more of 54
years old (4% from 18 to 24, 8% from 25 to 34, 68%
from 35 to 44, 16% from 45 to 54, 4% from more of 54
years old). Considering that participants' gender may be
fluid and impermanent, at the time of the experiment,
thirty-two percent of the participants defined themselves
as male, sixty percent female, and eight percent non-
binary.

The participants were located mainly in Madrid (n
=21 participants), Barcelona (n=2), and Valencia (n=2).
Participants were organized into five different Filomena
missions equitably. Four of the missions took place in
Madrid, and one of them between Madrid, Barcelona,
and Valencia. One of the researchers played the leader
role for all the missions to monitor the users' activity.

Participants received an invitation to join one of the
missions on a first-come, first-served basis, except for
those who were out of Madrid who were included in the
same mission. The duration of the study was three days,
after which the missions were closed. Then we
contacted each participant to fill the questionnaire.

Once the participant showed their interest in the
experiment, they received by email a digital consent
form with information about the goals of the study, the
voluntary nature of the participation, and the
anonymous collection and processing of the data,
following the process approved by the ethics committee.
We also used their email to access the app and send
instructions about how to participate, including safety
recommendations.

5.3 Results

The participants actively used the app during the
three days, sending 106 images (M= 4.08, SD=3.5) and
91 textual messages (M= 3.58, SD= 3.13). With a
participation of 1/26 (lower/highest) total of post per
person showing that there has been a significant
difference among the individual activity of each
participant. The chat was also less used than expected.
Both issues suggested that the role of the leader as a
facilitator should be encouraged in future exercises.

In the UES-SF questionnaire [28], each question is
scored with a 5-point Likert scale (1=strongly disagree,
S=strongly agree) and associated to a different category
related to the user engagement: Focused Attention (FA),
Perceived Usability (PU), Aesthetic Appeal (AA) and
Reward (RW). FA measures the feeling of being
absorbed in the interaction and losing track of time. AA
refers to the attractiveness and visual appeal of the
interface. PU is concerned with the usability, the degree
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of control and effort required. RW is related to the
overall success of the interaction and the users’
willingness to recommend or use the application. For
each user, we calculated the UE general score as the
average between the categories' scores as suggested in
[28]. As the experiment was run in Spanish and we
translated the original questionnaire, we first measured
the questionnaire's reliability with the Cronbach's
Alpha, obtaining a value of 0.84, where the acceptability
threshold is 0.7 by the rule of thumb, and a UE General
score average of 3.91 out of 5 and SD = 0.98.

Analyzing the results obtained for each of the
factors (see Figure 5), the highest values belong to
Perceived Usability (PU), with a mean score of 4.40 out
of 5 and SD = 0.97, followed by Reward (RW) with a
mean score of 4.19 out of 5 and SD = 0.75. Concerning
PU, 92% of the users positively perceived the
interaction with iWarn. This result is also related to the
degree of control and the effort invested in using the
app. Participants also enjoyed the experience and
showed interest in recommending the app and using it
in the future, as shown by RW results (84%).
Concerning FA, the result is an average score of 3.43
out of 5 with SD = 0.99, meaning that some participants
were not totally absorbed in the task during the
missions. This issue is related to the fact that the app is
used whilst walking on the streets, and in the specific
Filomena scenario, people had to keep their attention
focused on the ice patches on the ground. This situation
has been widely described by the images and text
messages sent during the mission. This suggests that
personal safety was put ahead of participation. Finally,
for AA factor we obtained an average score of 3.46 out
of 5 with SD = 0.76. This result pointed out some
differences among the participants' opinions about the
interface and its design.

User Engagement

AA 4% 52% 44%

RW | 0% 16% 84%

50 0 50 100
Percentage

Response Highly Disagree Disagree Neutral Agree Highly Agree

Figure 5. Stacked bar plots for the User Engagement.

Looking at the participants interaction in the chat,
we realize that they basically used it to describe the
situation where they took the photograph, with
comments such as “All this street and crosswalk are
cover with ice”, “There are a lot of trees in the street
which complicates circulation in the neighborhood”.

Since the evaluation took part after the Filomena storm
most of the photographs are related to different dangers
as dangerous tree’s branches, accumulation of snow and
ice on the roofs and in the streets. Almost all the
participants said they would like a more active leader
role, which is aligned with one limitation we observed
during the experiment, because none of the researchers
were trained to manage emergency situations.

From the open question we received significant
feedback. The comments are mainly related with two
functionalities: the visualization of the participants
position in the map, and the possibility to upload photos
from the phone gallery in any time and situation. In the
first case, some users were not comfortable with the idea
of being seen by other participants. As one of them said
“It would be interesting to be able to enable/disable
your identification and geolocation at certain times”.
Collaboration was used as a motivator for the
participants, but is seems not all them appreciated that
option. In any case, full anonymization is not the goal of
this app, since all the participants are expected to be part
of a team and have to be identified by the operators and
the leaders to increase trustability. Anonymous
participation can be implemented through social
networks or using individual communication
mechanisms like the 112 service. The second comment
implies being able to upload whatever picture you have
in your phone not necessarily geolocated. This kind of
functionality will not be valued by decision makers as
stated in all the focus groups. Allowing citizens to
upload any picture, specially not geolocated, or not
being identified will make information useless as trust
will be seriously compromised. In general, the majority
of participants were positive about using the map with
geolocated-photographs, expressing opinions like “/¢
lets you see the problem and connect the picture with the
environment” or “It is one of the better ways for the EM
services to see that the problem is not a fake”.

To sum up, from the results of the experiment it can
be assumed that the iWarn mobile application is
perceived as a positive technology to improve the
collaboration between EM workers and citizens.
Moreover, most participants also confirmed their
intentions to use the app in the future and recommend it
to others in similar situations.

5.4 Limitations of the experiment

Integrating and using technologies in EM is always
a very challenging process as authorities and emergency
workers do not have full availability. The research
reported in this paper had to deal with this limitation and
with those imposed by the COVID pandemic, which
made even more difficult to run experiments since
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neither professionals nor citizens where available for
onsite and long term evaluations.

The focus group with experts had to be performed
using an asynchronous method based on a well-known
technique, the bulletin board, in order to facilitate the
participation of geographically scattered experts who
would not meet in person easily. This technique has
benefits as well as limitations. Whilst it can provoke
more reflective contributions since participants do not
feel the pressure of being limited to the slot of time
devoted to the focus group session, interaction amongst
participants might decrease. In any case, there is no way
to measure how the opinion of other participants
influenced each comment as participants not always
quoted other suggestions even though they followed the
same thread of discussion. All in all, asynchronous
focus groups still provide valuable information as
shown in table 2.

Separating the evaluation of the system utility in
two groups, experts, and citizens, made it possible to test
and improve all its functionalities and improve some
issues of the prototype before testing it in a real
situation. Given the circumstances it was impossible to
execute a complete simulation exercise involving
official EM services and citizens but through the two
evaluations reported in this paper we collected useful
information that can be shared with the research
community concerning how citizens and professionals
envision this kind of participatory technologies and
which design issues have to be considered to integrate
participation in a useful, safe and motivating way.
Indeed the first prototype evolved from the comments
of the focus group to have a more controlled and
moderated participation that gives control to
professional EM workers and selected volunteers to
avoid as much as possible a citizen’s hyper motivation
that will end up in sending useless information. During
the evaluation with citizens, the guiding role of the
leader came up as a key feature to engage participants
and support interaction and, therefore, the chat became
a tool to receive feedback and directions to improve the
quality of each individual contribution. More
experiments are required to analyze whether this kind of
tools can really contribute to improve social capital and
make early warning more efficient and sustainable.

6. Conclusions

People-centered early warning is expected to
improve communities' and individuals' awareness about
risks and risk preparation. Moving around to collect data
about precursors of potential hazards might make
citizens more aware of their environment,
vulnerabilities, and the resources they have available. In
this paper, we discussed how to integrate citizen-

generated information to monitor precursors of potential
hazards to get a better picture of the situation by taking
profit from mobile and gamified application computing.
Mobile computing could support more resilient
communities by empowering citizens to participate in
this process everywhere and every time. Gamification
can act as a motivator to increase participation.

Participatory EM technologies need to take into
account the perspective of the other side of the coin. EM
workers and decision-makers. The type of participation
and information provided by citizens must be carefully
co-designed with decision-makers to guarantee that
instead of information overload, it supports situation
awareness and knowledge generation. For this reason,
we opted for an action research approach that integrates
different types of stakeholders in the analysis of the
problem and the assessment of solutions. Indeed, when
evaluated with volunteers who actually work closely
with citizens, many issues were raised about how to
control their natural enthusiasm to help. This valuable
information gathered through an expert focus group
helped to ideate a strategy that values both the level of
participation and the quality of participation. Thus, the
human validation is kept into the system with the team
leaders in charge of subjectively evaluating participants'
contributions based on their expertise.

We also run a simulation exercise in the real scenario
of the Filomena snowstorm. 25 citizens were asked to
use the iWarn app for three days and sent images and
text messages about potential risks and dangerous
situations around them. The results collected show an
interest in helping in any hazard situation and improving
the efficiency of the EM services which might have an
impact into community. Combining the results of the
simulation with the information collected from the focus
groups with experts helped to adopt design decisions
that could support a more participatory yet efficient
process.
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