
Please cite this article in press as: T. Onorati, et al., From social networks to emergency operation centers: A semantic visualization approach, Future Generation Computer
Systems (2018), https://doi.org/10.1016/j.future.2018.01.052.

Future Generation Computer Systems ( ) –

Contents lists available at ScienceDirect

Future Generation Computer Systems

journal homepage: www.elsevier.com/locate/fgcs

From social networks to emergency operation centers: A semantic
visualization approach
Teresa Onorati *, Paloma Díaz, Belen Carrion
Computer Science Department, University Carlos III of Madrid, Avda de la Universidad 30, 28911 Leganes, Madrid, Spain

a r t i c l e i n f o

Article history:
Received 5 May 2017
Received in revised form 5 January 2018
Accepted 25 January 2018
Available online xxxx

a b s t r a c t

Social networks are commonly used by citizens as a communication channel for sharing their messages
about a crisis situation and by emergency operation centers as a source of information for improving their
situation awareness. However, to utilize this source of information, emergency operators and decision
makers have to deal with large and unstructured data, the content, reliability, quality, and relevance of
whichmay vary greatly. In this paper, to address this challenge,we propose a visual analytics solution that
filters and visualizes relevant information extracted from Twitter. The tool offers multiple visualizations
to provide emergency operators with different points of view for exploring the data in order to gain
a better understanding of the situation and take informed courses of action. We analyzed the scope
of the problem through an exploratory study in which 20 practitioners answered questions about the
integration of social networks in the emergency management process. This study inspired the design
of a visualization tool, which was evaluated in a controlled experiment to assess its effectiveness for
exploring spatial and temporal data. During the experiment, we asked 12 participants to perform 5 tasks
related to data exploration and fill a questionnaire about their experience using the tool. One of the
most interesting results obtained from the evaluation concerns the effectiveness of combining several
visualization techniques to support different strategies for solving a problem and making decisions.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Social networks, such as Twitter, Facebook, and Instagram, have
changed the means by which people communicate with anyone
from anywhere at any time. The publication and sharing of opin-
ions, feelings, or experiences is becoming a newparadigm for being
aware of occurrences in one’s surroundings. This is particularly
true when some exceptional circumstances occur. For instance,
the first news about the terrorist attacks of November 2015 in
Paris originated from a tweet sent from the stadium reporting
an explosion. Then, millions of tweets were published by people
sharing a personal situation, praying for the victims, or following
the response activities. Among the shared messages, it is worth
noting spontaneous initiatives, such as the hashtag #porteouverte
(open door, in English), where a citizen originated a self-initiated
plan that offered people a safe placewhere they could stay until the
crisis was concluded. Emergency operators could be interested in
identifying these kinds of spontaneous actions and include them in
their official response plan, integrating citizens acting as first–first-
responders [1–3].
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The growing usage of Twitter represents a broad source of
information for agencies and organizations involved in crisis man-
agement, such as news channels or emergency operation cen-
ters [4,2,3,5–7]. However, to integrate the tweets sent during a
crisis into a commonoperational picture, emergency operators and
decision makers have to deal with a large set of unstructured in-
formation, the content, reliability, quality, and relevance of which
may vary greatly [3,8,9]. The filtering of the resulting dataset to
obtain a manageable knowledge source can be a time-consuming
task and a barrier to guaranteeing the efficient integration of social
network usage in emergency operation centers [2,3].

A visual analytics solution canmeet this challenge by combining
analytical reasoning techniques and information visualizations to
improve themanagement of large datasets. Examples already exist
of visual analytics tools developed to dealwith social networks that
focus on theprocessing andvisualization of a specific context of use
and set of information, such as topic identification [10–12], event
detection [13,11,14], and sentiment analysis [15]. This means that,
to adopt a visual analytics approach, researchers need to deter-
mine the most effective techniques for the context of emergency
management (EM) to analyze and visualize information originating
from social networks. It is crucial to design visualizations that are
easy to interpret and provide efficient answers to the questions of
operators and decision makers.
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To design an appropriate solution, an understanding of which
information from social networks can facilitate crisismanagement,
how it should be presented, and in which phase it is to be used is
essential. To answer these questions, we recruited 20 practitioners
to participate in an exploratory study. The results show that they
agreed that three types of functionalities are crucial for obtaining
knowledge about citizens’ generated content: geolocation, topic
identification, and topic search. Our proposed semantic visual-
ization tool addresses these three requirements by integrating
information collected from Twitter to support sensemaking in the
decision-making process of EM operators. Content shared on Twit-
ter is collected and analyzed semantically, focusing on its relevance
to the specific context, by using a semantic modeling technique
already presented in [16]. Filtered information is then displayed
in various visualization forms combining several dimensions, such
as geographic maps, topic relevance, or data frequency, each one
of which was designed to represent a different point of view for
interacting with the same dataset.

As a first step in the deployment of the visualization tool, we
conducted an experiment to assess its usability and test whether it
can support typical information exploration tasks. For this purpose,
we asked participants to perform several tasks taken from the
categories proposed in Andrienko and Andrienko’s paper [17] to
explore spatiotemporal data. In particular, we focused on those
related to the analysis of individual data elements, such as the
most frequent termor the highest number of published tweets. The
participants in this experiment were 12 citizens whose profile was
different from that of the experts conducting the exploratory study,
because at this stage the goal was to assess not the tool’s potential
acceptance by real operators but rather its capacity to support
the exploration of large and unstructured datasets. The evaluation
confirmed that it is quite easy to understand and interact with the
visualizations. In particular, we noticed that different participants
utilized different visualizations to solve the same problem, sug-
gesting that the provision of multiple visualizations of the same
dataset allows users to find that which fits better their manner
of exploring data. Thus, the visualization tool provides flexibility
in data exploration to meet not only the three aforementioned
requirements but possibly additional requirements not identified
in the exploratory study.

The rest of the paper first presents in Section 2 a brief intro-
duction of social networks in crisis situations and existing visual
analytics tools for managing large datasets. Section 3 describes the
exploratory study and the findings that guided the design pro-
cess. The semantic visualization tool is described in Section 4 and
evaluated in Section 5 with details about participants, performed
tasks, and results. Finally, some conclusions are drawn and future
research in this context is suggested in Section 6.

2. Related work

2.1. Social networks in crisis situations

In crisis situations, citizens play the crucial role of first–first-
responders who start activities and initiatives to help their com-
munities [1–3]. They are the first on the scene, and therefore, have
access to first-hand information about the situation, and they also
have a certain capacity to react before the official first responders
assume control of the situation. One of the objectives of crisis
informatics is to study the manner in which this information can
be used to establish an efficient communication channel among
citizens, volunteers, and EMworkers [18]. In this direction, several
information communication technologies (ICTs) have been used to
support people to exchange data in the form of blogs and other
online platforms [5,6,19–21].

Citizen participation in the EM process has gained relevance
with the advent of social networks, such as Twitter, Facebook, and

Flickr. The behavior of social networks changes during large-scale
events: the number of publishedmessages increases, as well as the
number of users joining them for the first time [7,22]. In particular,
people utilize them to monitor the situation, support charitable
causes, or participate in the response process [23]. The information
shared on social networks as a direct communication channel
among EM operators, victims, and witnesses of the evolution of
the crisis or to ask for help can be useful for emergency operation
centers [24]. Several surveys conducted using EM practitioners
have confirmed the need to integrate social networks into crisis
management and to support their daily duties [2,3,8]. To allow this,
it is crucial to define solutions that facilitate the collection and
identification of reliable and useful data from the real-time stream
of social messages in order to avoid issues such as lack of trust,
overwhelming volumeof data, and lowquality of data [25,26,8]. Al-
gorithms have been developed to meet the challenges involved in
evaluating the quality of citizen-generated content [9] or removing
noisy redundant data [27]. Since the focus of this research was on
information visualization, this section reviews examples of visual
analytics tools built to analyze and visualize information collected
from social networks.

2.2. Visual analytics tools for social networks

In this paper, we propose a visual analytics tool as a solution for
collecting, analyzing, and presenting information collected from
social networks to improve the decision-making process [28]. By
combining analytical reasoning techniques with interactive visu-
alizations, this tool enhances the problem-solving capabilities of
the decision makers without overwhelming them with data [29].

An interesting contribution in this direction is that of Savikhin
et al.’s study of the effect of visualization for making decisions
over economic data [30]. The authors recruited two groups of un-
dergraduate students with little experience in economic analysis
and asked them to draw conclusions after observing a dataset.
While the first group used a spreadsheet for this task, the second
interacted with a visual analytics tool. Their experimental results
showed that the decisions of the second groupweremore accurate
and closer to the optimal solution.

Using a domain-oriented approach, Tomaszewski et al. dis-
cussed the manner in which geovisual analytics can support cri-
sis management [31]. This emerging discipline originated in the
application of visual analytics over geographic information. The
results led to the development of tools for supporting analysts
reasoning over geographic data to find knowledge about a specific
problem. In particular, the authors reviewed the different phases of
the crisis management process to identify the geovisual analytics
tasks that enhance the overall situation awareness and decision-
making processes, such as dynamic collaboration, data navigation,
and performance evaluation.

Among existing visual analytics tools formanaging Twitter data,
VisAware was developed using a journalistic approach, organizing
the information as answers to the traditional questions of what,
when, and where [13]. For this purpose, the authors introduced
a visualization that highlights existent correlations among avail-
able datasets. The tool was tested in two different applications:
VisAlert, to represent information about emergency alerts to help
operation centers reach decisions about a crisis, and BioWatch,
which facilitates the identification and collection of data about
harmful agents. Following a similar approach, TweetXplorer offers
several visualizations to answer the questions of who, what, when,
and where [10]. In particular, it includes a network of nodes rep-
resenting the users publishing tweets (who), a word cloud with
the most common terms (what), a heat map showing the volume
of tweets in geographical locations (where), and a calendar with
different colors according to the number of tweets published each
day (when).
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