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The importance of timely, accurate and effective use of available information is essential to the proper man-
agement of emergency situations. In recent years, emerging technologies have provided new approaches towards
the distribution and acquisition of crowdsourced information to facilitate situational awareness and manage-
ment during emergencies. In this regard, internet and social networks have shown potential to be an effective
tool in disseminating and obtaining up-to-date information. Among the most popular social networks, research
has pointed to Twitter as a source of information that offers valuable real-time data for decision-making. The

objective of this paper is to conduct a systematic literature review that provides an overview of the current state
of research concerning the use of Twitter to emergencies management, as well as presents the challenges and

future research directions.

1. Introduction

An emergency situation occurs when there is an interruption in the
normal dynamics of the economic, cultural, social or political life of a
location (Hagar, 2011). These situations produce both an increase in
communication and complex information scenarios, which are difficult
to manage (Laylavi et al., 2017). Furthermore, these situations present
a challenge for the responsible authorities and emergency services,
since they may present physical dangers for the people who provide
information, as well as a high demand in the active management of
them. Understanding what is happening during and in the aftermath of
an emergency situation is essential for the reduction of human and
economic impacts of the incident. Therefore, access to timely and ac-
curate information is essential to make timely decisions and to take
immediate actions (Alexander, 2015; Laylavi et al., 2017; Kim, Bae, &
Hastak, 2018; Li, Zhang, Tian, & Wang, 2018).

Traditionally, newspapers, radio and television were the responsible
media for the dissemination of information regarding an emergency
situation. These media provide only one-way communication in which
information was usually produced by official organizations (Schneider
& Check, 2010). Nowadays, the use of communication devices is
growing significantly, thanks in large part to technological advances
and the new Information and Communication Technologies (ICT).
These advances have caused that the current communication devices
are becoming more and more accessible to the society, generating a

new communicative space in which communication is bidirectional or
multidireccional, that is, they allow an active communication between
sender and receiver (Avvenuti, Cimino, Cresci, Marchetti, & Tesconi,
2016; Capriotti & Ruesja, 2018; Han, Min, & Lee, 2015; Kamboj,
Sarmah, Gupta, & Dwivedi, 2018; Martinez-Rojas & Rubio-Romero,
2017; Wang, Gao, & Yang, 2017; Wu & Shen, 2015). In this context,
mobile phones, Internet and social networks symbolize this new
channel of information, which assists in the generation of situational
awareness. This concept refers to having an accurate perception of the
situation, ability to quickly recognize a change in that situation, un-
derstanding the impact of any change and being able to project the
situation in the near future (Alcaide, 2013). Nowadays, in most cases,
the first news about an emergency situation appears on social media
channels rather than traditional new sources (Kim & Hastak, 2018;
Laylavi, Rajabifard, & Kalantari, 2016).

Focusing on the social networks, Twitter is one of the platforms
which presents a greater potential in providing information in the
management of emergency situations due to the ease of use and its
instant nature (Simon, Goldberg, & Adini, 2015; Williams, Terras, &
Warwick, 2013). This social network has around 313 million active
users monthly, 1000 million unique monthly visits to sites with em-
bedded Tweets and 82% active users on mobile devices (Twitter, 2018).
Twitter allows users to quickly share information and the interaction
with other users, who may not be connected to your network, through
specific topics, hashtags. The hashtags allow to search for information
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on specific topics (Aladwani, 2015).

Once the user posts a tweet, it is expanded instantly to a large
community, providing some advantages but also some drawbacks. The
strengths of this social media include: audience increase, instant com-
munication, real-time information, direct support for response efforts
(Aladwani, 2015; Gao, Barbier, & Goolsby, 2011; Landwehr, Wei, Ko-
walchuck, & Carley, 2016; Schneider & Check, 2010; Schulz, Thanh,
Paulheim, & Schweizer, 2013; Yates & Paquette, 2011). Nevertheless,
Twitter also presents limitations that make the use of these data diffi-
cult in the context of a emergency situation: no verified information,
rumor spread, imprecision in data, irrelevant information (Carley,
Malik, Landwehr, Pfeffer, & Kowalchuck, 2016; Castillo, Mendoza, &
Poblete, 2011; Hughes & Palen, 2009; Kapoor et al., 2018; Laylavi et al.,
2017; Stieglitz, Mirbabaie, Ross, & Neuberger, 2018; Thomson et al.,
2012).

Nowadays, there is a growing interest in this research line since data
from Twitter might represent an interest in all phases of an emergency
situation, namely, from the initial to later phases. In the literature there
are proposals focusing on the early warning phase or the planning
phase (Carley et al., 2016; Landwehr et al., 2016). In this regard, some
public institutions are present in the social network in order to provide
alarms and offer new information through the network (Ai, Comfort,
Dong, & Znati, 2016; Basher, 2006; Chatfield & Brajawidagda, 2012).
On the other hand, many proposals focus on the use of social media for
disaster response in order to coordinate resources and identify the
needs of the affected people (Gao et al., 2011; Muralidharan, Ras-
mussen, Patterson, & Shin, 2011). Therefore, Twitter is becoming an
essential media for sending alerts, identifying critical needs, and fo-
cusing the response. Additionally, there is a growing interest in the use
of Twitter not only for the communication of information, but also for
knowledge discovery of Twitter data (Williams et al., 2013). This re-
search line takes advantage of already published data by applying data
mining and information retrieval approaches, which provide improve-
ments for the management of emergencies from another perspective
(Sotsenko, Jansen, Milrad, & Rana, 2016; Zheng et al., 2013).

The main objective of this article is to review the existing literature
where Twitter data are used to support the management of emergency
situations. For this purpose, a methodological approach based on a
systematic literature review is proposed, which provides an overview of
the current state of research, as well as presents the challenges and
future research directions.

After this introduction, the remainder of the paper is structured as
follows. Section 2 is devoted to explain the methodological approach to
analyze the current state of literature. Section 3 details the results ac-
cording to different analyzed variables. Section 4 summarizes current
state and challenges while Section 5 provides a research agenda for
practitioners and researchers. Finally, Section 6 presents the conclu-
sions.

2. Review method

This section outlines the methodological approach that will provide
an overview of the current state of research regarding the use of Twitter
for the management of emergencies.

For this purpose, the systematic literature review is proposed, which
is a means of identifying, evaluating and interpreting all available re-
search relevant to a particular research question, or topic area, or
phenomenon of interest (Kitchenham, 2007). The review follows the
guidelines developed by Kitchenham (2007), dividing the research into
three phases: (i) planning the review, (ii) conducting the review, and
(iii) reporting the final review results itself. Fig. 1 graphically sum-
marizes the objectives of each of these phases, that are addressed in
next sections.

2.1. Planning phase

Prior to address a systematic review it is necessary to confirm the
need for such a review (Kitchenham, 2007). Then, in this phase, it is
necessary to set the research questions that the systematic review will
address as well as to define the criteria regarding both literature sources
and keywords search.

2.1.1. Research questions

In the first phase, it is necessary to draft clear and concise research
questions which drive the entire systematic review methodology. As the
objectives of this article are; to analyze the use of Twitter in emer-
gencies, to explore technologies and to identify use cases, the following
questions have been selected:

® Q1. How much Twitter activity has there been regarding emergency
situations?

e Q2 Which journals and conferences lead this research topic?

® Q3. What are the main objectives addressed by the authors?

® Q4. What are the application domains where Twitter has been ap-
plied?

® Q5. What are the applied methodologies?

® Q6. What are the limitations of current research?

To address Q1 and Q2, the number of documents published per year
and the journal/conferences that published them are identified.
Regarding Q3, Q4 and Q5, the scope of the study is analyzed, as well as
the use case and the applied techniques applied by authors. Finally, Q6
points out the main limitations and disadvantages of the analyzed
proposals.

Additionally, in this initial phase, the criteria in relation to the lit-
erature sources and keyword search are established. For example, the
analysis may include documents written only in English language or
published in a given database. Next section details the criteria con-
cerning the search process that will allow us to analyze the proposals
using Twitter information for emergency management.

2.2. Conducting phase — data collection search process

In this section, firstly, the search process is described and secondly,
the qualitative process for document filtering is detailed.

The following digital libraries have been selected in this review
since they are identified as relevant to the domain of information and
communication technologies and social science: IEEE Xplore," Scopus,”
ScienceDirect’ and ISI Web of Science.” These databases enable to
search through different fields such as title, author, Keywords, abstract,
references, etc. as well as to select research domains, publication years,
type of documents, etc. The way of performing the search on these
databases is different depending on the database itself and the operators
and fields we used. For example, ScienceDirect allows to perform a
search considering, at the same time, the “Title/Abstract/Keyword”
while IEEE Xplore or ISI Web of Science allows a more exhaustive
search by taking into account different fields for each term we want to
search.

In this work, we focus on the title, abstract and keyword as
searching fields. By using these fields we make sure that we will obtain
a large number of documents as a result of the search, which goes be-
yond the scope of this work. Therefore, in order to obtain adequate
results concerning the objective of this work, we consider “Twitter”,

” o«

“emergencies”, “emergency and management” as terms to perform the

1 https://ieeexplore.ieee.org/.

2 https://WWW.sCOpUs.com/.

3 https://www.sciencedirect.com/.
4 http://wos.fecyt.es/.
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Fig. 1. Main objectives of the three phases of the systematic lit-

Planning ' Conducting Reporting erature review.
- To set research question - To generate a search - To evaluate results
- To define criteria about strategy - To summarize results

literature sources - Study Selection - To presents results

To establish keywords

search on the basis of the mentioned fields. It is important to remark
that, in this process, named data collection, we will perform several
queries in each of the databases by combining the input terms and by
using different boolean logic operators over the fields with the aim of
obtaining the largest number of retrieved documents.

In this data collection process, duplicate documents can be ob-
tained, either by performing different queries on the same database or
because a same document can be indexed in different databases.
Therefore, a removal process is necessary in order to eliminate dupli-
cated records, firstly, in the same database and secondly among the
different sources. For example, in ISI Web of Science database, the
following searches were performed: (1) Twitter (title) and Emergencies
(title) providing as a result a total of 20 documents. (2) Twitter (topic)
and Emergencies (topic) and management (topic) providing as a result a
total of 234 documents. (3) Twitter (title) and Emergencies (topic) and
Management (title) providing as a result a total of 14. (4) Twitter
(topic) and Emergencies (title) and Management (title) providing as a
result a total of 16. It is observed that more search combinations do not
include more results, so the mentioned removing process is performed.

Following, the inclusion and exclusion criteria to assess each result
in the qualitative review are detailed in Tables 1 and 2 respectively.
These should be clear, as they will allow the classification of results
correctly. Following, the flow diagram of the entire process is illu-
strated in Fig. 2, where the study selection can be observed.

As can be seen in the Fig. 2, a total of 456 records are obtained in
the initial phase, which are reduced to 380 after removing duplicates
records among the same electronic database. Following, during the
paper screening process, 158 records were included which present re-
levance to our formulated research questions. However, in this process,
249 records were excluded according to the exclusion criteria: docu-
ments which used other social media data or duplicated content. In the
backward reference search, further qualitative review is performed,
where 37 records were identified from which 27 were added to the
previous 131. Therefore, 158 records remain for the further analysis.

Next section presents the final phase of the systematic review, which
involves the analysis of results.

3. Review results

The results of the systematic literature review from diverse per-
spectives are detailed in this section. Firstly, the analysis of the 158
records is developed from a general point of view. Secondly, the records
are detailed according to the stage, the event and the objective in which
they are focused on. Finally, proposals are analyzed from a methodo-
logical point of view.

3.1. Overall results

In this section, the records are explored from a general perspective,
in which the temporal evolution, the type of publication, as well as the

Table 1
Inclusion criteria in the qualitative review.
Id Criteria
8l Documents which clearly depict their research applications
regarding Twitter data
12 Documents which clearly describe the objective
13 Documents which clearly describe their applied methods

Table 2
Exclusion criteria in the qualitative review.

Id Criteria

El Documents which not apply Twitter social media
E2 Duplicate content, i.e., extension of a conference document to journal article

means where the works are published are considered.

3.1.1. Year of publication

This section addresses the answer to the first research question
detailed in Section 2.1.1: “How much Twitter activity has there been
regarding emergency situations?”.

To do this, we classified records based on its publication year. As
can be seen in Fig. 3, the first documents related to the research topic
were published in 2009. During the next few years, the number of
documents increases moderately and it is in the 2015 year when the
number of documents increases considerably.

3.1.2. Type of document

To solve the second research question (Q2), the records have been
classified according to whether they have been published in a scientific
journal or in a conference proceedings. In this way, it is possible to
analyze the number of documents for each of these types as well as the
relevant journals or conferences that lead the research topic.

As can be seen in Fig. 4, generally, the number of documents in
conference proceedings is greater than the number of documents in
scientific journals until 2016 year, where that difference decreases.
Notice that the number of papers in 2018 is similar to the previous year
even though only documents until June are included. This aspect
highlights the growing interest in this research line. The number of
conference documents in 2018 year is very low compared to previous
years. This is due to the fact that reference conferences to this domain
are usually held in the second half of the year, so they will be reflected
in the following year.

Next, Table 3 presents the journals in which at least two records
have been published. As the total number of different journals is 40 so,
for the sake of extension, not all journals are presented in the table.
However, in these journals almost the 50% of articles were published
(31 out of 64).

Additionally, Table 3 present 2017 Journal Citation Reports (JCR)
Impact Factor (IF) which reflects the average number of citations and
allows to measure the quality of the journal. Thus, journals with higher
impact factors deemed to be more important than those with lower
ones. As can be appreciated in the table, most of the recorded articles
are published in journals ranked in the first or second quartile.

In order to conduct a more in-depth analysis, the categories of these
main journals have been extracted in order to explore the areas of
knowledge in which this research topic has a greater impact. Notice
that a journal might have associated with more than one subject cate-
gory. Table 4 details, in alphabetical order, the different categories in
which the journals in Table 3 are indexed. The second column indicates
the number of times that the category is repeated among the different
journals. These results provide quantitative evidence about the multi-
disciplinary character of this research topic.

Following the same criteria of the journal's analysis, Table 5 pre-
sents the most relevant conferences of the research domain. In this case,
the total number of conferences is 55, most of which are of
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Fig. 2. Flowchart of systematic Literature review process and number of included and excluded papers in each step.

international scope. Similar to the journal study, these conferences re-
present the 50% of records concerning conference type (42 out of 94).
Finally, the last column shows the 2017 CORE Conference Ranking,
which provides assessments of conferences in the computing disciplines
(CORE, 2017). The conferences are classified according to the following
categories: A* (flagship conference), A (excellent conference), B (good
conference), C (other ranked conference venues that meet minimum
standards), Australasian (a conference for which the audience is pri-
marily Australians and New Zealanders) and Unranked (a conference
for which no ranking decision has been made).

To conclude this section in which documents are analyzed from a
general perspective, the documents are then analyzed according to the
main objective of the research work.

3.1.3. Objective

When using Twitter for the management and analysis of emergency
situations, five main objectives have been identified in the qualitative
analysis of the records: detection, disaster risk assessment, emergency
planning, response and general information. Fig. 5 graphically re-
presents the number of documents according to the objective that the
authors address in the analyzed period. Notice that a record may ad-
dress more than one objective, so the number of documents per year
does not correspond to the previous results presented in Fig. 3. The
objectives that have attracted more attention in the literature are de-
tailed below.

Firstly, as can be observed in the Fig. 5, the detection of novel in-
formation related to emergencies has increased since 2010 year. As we
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will see in next section, diverse methods and technologies have been
applied to address this objective. Secondly, many proposals attempt to
take advantage of Twitter information to process and analyze it in order
to extract useful information to provide response and recovery efforts
for those affected. Finally, many proposals analyze the use of Twitter
data from a general point of view. For example, analyzing the role of
public authorities in emergency situations, emphasizing the importance
of Twitter data, analyzing Twitter messages from a general perspective,
data organization, etc. In general, as can be observed in the figure, the
evolution of the objectives has been increasing in a similar proportion
over time.

3.1.4. Methodologies

In this section, the research question regarding the applied techni-
ques is addressed. Firstly, we summarize the process to obtain data and,
secondly, we analyze the applied methodologies.

Data collection is the starting point for any proposal, which usually
use freely available Twitter Application Programming Interface (API).
Once data have been extracted, a pre-processing should be performed in
order to obtain a uniform textual content. This process consists on re-
moving multiple dots, user mentions, hashtag signs, punctuation marks,
numbers, etc.

After the pre-processing data, different techniques have been used
in the literature. As can be seen in the Fig. 6, machine learning algo-
rithms and data mining are the most techniques applied in the propo-
sals, which are subfields of computer science. On the one hand, ma-
chine learning allow to explore the study and construction of
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Table 3
Reference journals for the research topic and their impact factor.
Journals No. doc  JCR-IF Quartile
(2017)
Computers in Human Behavior 5 3536 Q1
International Journal of Information 5 4516 Q1
Management
Safety Science 3 2835 Q1
Natural hazards 3 1901 Q2
International Journal of Geographical 2 2370 Q2
Information Science
IEEE Transactions on Visualization and 2 3078 Q1
Computer Graphics
IEEE Intelligent Systems 2 2596 Q2
Computer Supported Cooperative Work 2 725 Q4
Information, Communication &Society 2 3084 Q1
SpringerPlus 2 1130 Q2
Information Processing and Management 2 3444 Q1
International Journal of Disaster Risk 2 1968 Q2
Reduction
Journal of Ambient Intelligence and 2 1423 Q3
Humanized Computing
Information Systems Frontiers 2 3232 Q1
IEEE Transactions on Knowledge and Data 2 2775 Q1
Engineering
38
Table 4
Indexed categories of journal in Table 3.
Subject categories No. journals

Communication

Computer Science, Artificial Intelligence
Computer Science, Information Systems
Computer Science, Interdisciplinary Applications
Computer Science, Software Engineering
Engineering, Electrical &Electronic
Engineering, Industrial

Geography, Physical

Geosciences, Multidisciplinary

Information Science &Library Science
Meteorology &Atmospheric Sciences
Multidisciplinary Sciences

Operations Research &Management Science
Psychology, Experimental

Psychology, Multidisciplinary

Sociology

Telecommunications

Water Resources

DN e e e e e N N R e e e e O O e

algorithms that can learn from and make predictions on data (Kohavi &
Provost, 1998). On the other hand, the overall goal of the data mining
process is to extract information from a data set and transform it into an
understandable structure for further use (Fayyad, Piatetsky-Shapiro,
Smyth, & Uthurusamy, 1996; He, Zha, & Li, 2013). In the previous
section, the results showed that the detection objective was the one that
had attracted more attention in the literature. Those results are in
concordance with the ones in this section, since these techniques are
applied to explore data.

It should also be noted the use of techniques that allow to further
explore the content of texts. This way, on the one hand, content analysis
was used to explore text of tweets in order to analyze information
through Twitter Aswani, Kar, Ilavarasan, and Dwivedi (2018), Lipizzi,
Iandoli, and Marquez (2015). This perspective lends insight into future
applications of how organizations can leverage social media as a means
of sustained coordination for long-term (Opdyke & Javernick-Will,
2014). On the other hand, similarly, Natural Language Processing (NLP)
has been widely applied in the proposals, which explore how computers
can be used to understand and manipulate natural language text
Shirdastian, Laroche, and Richard (2017).

3.1.5. Events

Throughout this review study, the wide acceptance of Twitter for
the management of emergency situations has been shown. In this sec-
tion, the different emergency situations that have been analyzed as use
cases in the revised proposals have been identified.

Fig. 7 illustrates the events along the time (2008-2017 period) ac-
cording to the following categories, such as: safety (natural disasters,
industrial) and security (politics and terrorism events). In each of these
general categories, the different types of events that have been ad-
dressed in the literature have been detailed. Additionally, the total
number of proposals for each type is detailed in the table. As can be
seen from the table, emergencies caused by weather conditions are
widely explored in the literature. Notice that, some events have been
analyzed by several authors, as for example: 2011 Japan tsunami, 2015
Earthquake Nepal, and 2013 Sandy Hurricane.

It should be mentioned that, in addition to the proposals focused on
specific use cases, there are also proposals that address the research
study from a general perspective. The objective of these proposals is to
develop methodologies that allow to detect a given emergency situation
in the early phase. Then, these proposals focuses on a particular
emergency situation such as earthquakes, flood, etc.

3.2. Phases of emergencies management

In this section, we explore the opportunities and challenges of ex-
ploiting Twitter information at the different phases of an emergency
situation: before, during and after (Coyle & Meier, 2009; Ni, Shu, &
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Table 5
Reference conferences for the research topic where records are published.

Conference

No. doc Acronym CORE 2017

International Conference on World Wide Web

Hawaii International Conference on System Sciences

International Conference on Information Systems for Crisis Response and Management
Australasian Conference on Information Systems

International Conference on Information and Communication Technologies for Disaster Management

International AAAI Conference on Web and Social Media

IEEE Symposium on Visual Analytics Science and Technology

International Conference on Advances in Social Networks Analysis and Mining
IEEE Global Humanitarian Technology Conference

Signal Processing and Communications Applications Conference

International Conference on Availability, Reliability and Security

WWw A*
HICSS A
ISCRAM -
ACIS Australasian
ICT-DM -
ICWSM -
IEEE VAST

ASONAM -
GHTC -
SIU

ARES B

—_

NNDNNNDNNWW=O
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Song, 2018; Pogrebnyakov & Maldonado, 2018; White, 2014).

e Prior to a emergency occurs, it is important to be as prepared as
possible. For this purpose, on the one hand, Twitter gives emergency
services a means with which to communicate with the public. For
example, to give them a plan for what to do if an emergency si-
tuation occurs or to keep the public informed on the location and
movement of storms or other potential hazards Carley et al. (2016).

e While a emergency is occurring it is important for government au-
thorities and emergency services to be able to communicate in a
quick and efficient manner with the users. For example, to provides
information on evacuations in specific regions, to keeps the public
aware of regions that they should avoid, to dispel rumors about the
disaster before they can spread, etc. In this scenario, Twitter’ users
might act as data sources themselves, providing situational aware-
ness (Avvenuti et al., 2016).

e Once the emergency has finished, the process of recovery starts.
Through Twitter, emergency services and users are able to provide
information on recovery efforts to survivors. Furthermore, after an
emergency, data from a given situation might be useful to extract
knowledge and develop models to be applied to detect future events.

In Table 6 all the revised documents in the systematic literature
review are presented. Each proposal indicates to which phase of the
emergency they are focused: Before (B), During (D) and After (A). As
can be observed, the phase that has attracted most attention is After
phase. This result is in accordance with the results detailed in previous
sections. In Section 3.1.4, we concluded that the most applied meth-
odologies were those that allow to explore previous data to learn
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Fig. 6. Most applied methodologies to achieve the objective.
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Fig. 7. Events analyzed in the proposals.

models and to extract information. Then, these techniques have to be
mainly applied when the emergency has finished. In addition, Section
3.1.5 has present a large number of events that have been analyzed
after the development of the emergency situation.

4. Current state and research challenges

After reviewing the proposals from diverse perspectives, this section
analyzes current situation which will allow us to point out future di-
rections with the aim of fostering and directing further research on the
application of Twitter in emergency situations.

Data collection is the primary source for any proposal. Although it is
possible to obtain data by purchasing from commercial data vendors,
the use of freely available Twitter Application Programming Interface
(API) seems more suitable for research purposes (Laylavi et al., 2016).
APIs allow to extract both past messages and real-time data feed, but
they present the following general constraints:

e Twitter REST APIs are 100% free of charge but present certain
limitations in relation to the acquisition period. For example, API
calls are limited to 350 queries every 15 min for one user account, or
3500 total tweets per REST query, whichever comes more re-
strictive. The second type, Twitter streaming APIs, requires users to
keep an uninterrupted HTTP connection to access the most recent
(mostly within 1 day) Twitter data up to 1 percent of public tweets
(Gu, Qian, & Chen, 2016; Itakura & Sonehara, 2013; Karami, Dahl,
Turner-McGrievy, Kharrazi, & Shaw, 2018). These constraints pre-
sent a limitation when attempting to obtain large amounts of data to
propose models to automatically detect events (Imran et al., 2015).
When collecting tweets from a given emergency through the Twitter
API, information about the user's location can be obtained. On the
one hand, the location that the user details when registering on
Twitter and, on the other hand, the location that is extracted
through GPS. Both locations present disadvantages when con-
sidering them in emergency management. The first one does not
usually correspond to the location of the user at the time of the
accident, but rather to the location where he or she normally lives
Gao et al. (2011). In addition, as the location field is freeform in
structure, a user may enter anything from a well-formed location
(Murthy & Longwell, 2013). The second one, only can be obtained in
the case that GPS was activated. Laylavi et al. (2016) stated that less
than 2% of tweets are geotagged. Therefore, this represents a

significant disadvantage during a crisis, since it is essential to
emergence personnel to know the locations of specific incidents
(Laylavi et al.,, 2017; Martinez-Rojas, Pardo-Ferreira, Ldpez-
Arquillos, & Rubio-Romero, 2017; Spielhofer et al., 2016).

e Another problem is the difficulty of retrieving related and in-
formative data about a specific situation of the tremendous and
continuous stream of Twitter updates (Kapoor et al., 2018). Data
collection process usually focuses on the exact matching of target
keywords or hashtags to acquire related tweets (Imran et al., 2015).
This method, Keyword-based data retrieval, has proved not to be
totally successful in the social media domain for identifying events,
since it does not evaluate the content of tweets in terms of their
relatedness to a specific situation (Laylavi et al., 2017).

As detailed in previous section, several proposals take advantage of
soft computing domain in order to develop models and algorithms that
lend themselves to prediction. However, it is still necessary to develop
automated mechanisms to find critical and actionable information on
Social Media in real-time (Becker et al., 2011; Huang et al., 2014; Win &
Aung, 2017). This is a difficult task due to the fact that each crisis si-
tuation is different with regard to essential and unforeseen information
which must be included in the models (Groen et al., 2017). In addition,
for a given emergency, tweets can be found in several languages and
often exhibit low quality (e.g., with typos and ungrammatical sen-
tences). This heterogeneity represents a challenge when developing
models to explore the information contained in the tweets Becker et al.
(2011), Laylavi et al. (2017), Lipizzi et al. (2015). As detailed in pre-
vious section, in the literature there are several proposals focused on
analyzing the content of the tweets, but only consider one language
(Laylavi et al., 2016).

In crisis situations, insufficient or incorrect information can lead to
either complete inaction or disastrous action (Dearstyne, 2005). This
may arise due to limitations in telephone-based systems or, from fake
images and rumors propagation Lee, Qiu, and Whinston (2018). Re-
garding the first limitation, with limited telephone capacities, emer-
gency services would have serious problems when sharing information,
coordinating efforts, gathering data, identifying false information, and
directing efforts (Jaeger et al., 2007; Win & Aung, 2017). Regarding the
propagation of false information, it is still a challenge the identification
of malicious content spread during emergencies (Gupta et al., 2013).
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Table 6
Phases in which proposals focus.

A D A
De Longueville, Smith, and Luraschi (2009) X Moi et al. (2015) X
Dork, Gruen, Williamson, and Carpendale (2010) X Saleem, Zamal, and Ruths (2015) X
Sakaki, Okazaki, and Matsuo (2010) Nguyen, Kitamoto, and Nguyen (2015) X X
Li and Rao (2010) X Athanasia and Stavros (2015) X
Vieweg, Hughes, Starbird, and Palen (2010) X Yin et al. (2015) X X
Sinnappan, Farrell, and Stewart (2010) X Olteanu, Vieweg, and Castillo (2015) X
Sinnappan et al. (2010) X Ai et al. (2016) X
Castillo et al. (2011) Carley et al. (2016)
Gao et al. (2011) Landwehr et al. (2016)
Muralidharan et al. (2011) X Onorati and Diaz (2016) X
Artman, Brynielsson, Johansson, and Trnka (2011) X Riquelme and Gonzalez-Cantergiani (2016)
Aramaki, Maskawa, and Morita (2011) Sotsenko et al. (2016) X
MacEachren, Robinson, et al. (2011b) Toriumi and Baba (2016) X X
Becker, Naaman, and Gravano (2011) Pirnau (2016)
Hao et al. (2011) Ikeda, Sakaki, Toriumi, and Kurihara (2016) X
MacEachren, Jaiswal, et al. (2011a) Glasgow, Fink, Vitak, and Tausczik (2016) X
Verma et al. (2011) X Avvenuti et al. (2016) X
Oh, Agrawal, and Rao (2011) X Laylavi et al. (2016) X X
Malizia, Bellucci, Diaz, Aedo, and Levialdi (2011) X Spielhofer, Greenlaw, Markham, and Hahne (2016) X X
Tapia, Bajpai, Jansen, Yen, and Giles (2011) Radianti, Hiltz, and Labaka (2016) X
Chatfield and Brajawidagda (2012) X Griinder-Fahrer, Berger, Schlaf, and Heyer (2016) X
Thomson et al. (2012) X Nazer, Morstatter, Dani, and Liu (2016) X X
Tatsubori, Watanabe, Shibayama, Sato, and Imamura (2012) X Pandey and Natarajan (2016) X X
Johansson, Brynielsson, and Quijano (2012) Girtelschmid, Salfinger, Proll, Retschitzegger, and Schwinger (2016) X
Li, Lei, Khadiwala, and Chang (2012) Musaev and Hou (2016)
Cao et al. (2012) X Comito, Pizzuti, and Procopio (2016) X
Chun, Hwang, and Kim (2012) X Pohl, Bouchachia, and Hellwagner (2016) X
Panagiotopoulos, Ziaee Bigdeli, and Sams (2012) X Zoppi et al. (2016) X
Doan, Vo, and Collier (2012) X Lachlan, Spence, Lin, Najarian, and Greco (2016)
Nagy and Stamberger (2012) X Panagiotopoulos, Barnett, Bigdeli, and Sams (2016) X
Cameron, Power, Robinson, and Yin (2012) X Wang, Ye, and Tsou (2016) X X
Stollberg and De Groeve (2012) X Gunawong and Butakhieo (2016) X X
Nguyen, Kawamura, Tahara, and Ohsuga (2013) X Kim et al. (2016) X
Miyabe, Miura, and Aramaki (2012) X Zhang, Kelly, and Ahmad (2016) X X
Chatfield and Brajawidagda (2013) X Rice and Spence (2016) X
Murthy and Longwell (2013) X Dufty (2016) X
Sakaki, Okazaki, and Matsuo (2013) Nugroho, Zhao, Yang, Paris, and Nepal (2016) X X
Imran, Elbassuoni, Castillo, Diaz, and Meier (2013) Laylavi et al. (2017) X
Morstatter, Kumar, Liu, and Maciejewski (2013) X Subba and Bui (2017) X
Gupta, Lamba, Kumaraguru, and Joshi (2013) X Mejri, Menoni, Matias, and Aminoltaheri (2017) X
Zheng et al. (2013) Sarda and Chouhan (2017) X
Gelernter and Balaji (2013) Neppalli, Caragea, Squicciarini, Tapia, and Stehle (2017) X
Tyshchuk, Li, Ji, and Wallace (2013) X Groen, Pavlin, Winterboer, and Evers (2017) X
Itakura and Sonehara (2013) X Ohtsuka, Ishii, Utsu, and Uchida (2017) X X
Schulz et al. (2013) X Lai (2017) X X
Tapia, Moore, and Johnson (2013) Bolea (2017) X
Pohl, Bouchachia, and Hellwagner (2013) Amirkhanyan and Meinel (2017) X
Dong, Halem, and Zhou (2013) Basnyat, Anam, Singh, Gangopadhyay, and Roy (2017) X
Karimi, Yin, and Paris (2013) X Ghenai and Mejova (2017) X
Purohit et al. (2013) X Piedra, Chicaiza, and Torres-Guarnizo (2017) X
Boididou, Papadopoulos, Kompatsiaris, Schifferes, and Newman (2014) X Lai, She, and Tao (2017)
Regalado et al. (2014) Lozano and Vaca (2017) X
Huang, Dong, Yesha, and Zhou (2014) X Nayebi, Marbouti, Quapp, Maurer, and Ruhe (2017) X
Torkildson, Starbird, and Aragon (2014) X Cecaj and Mamei (2017) X
Li and Zeng (2014) X Wang et al. (2017)
Opdyke and Javernick-Will (2014) X Chaniotakis, Antoniou, and Pereira (2017) X X
Carter, Thatcher, and Wright (2014) X Abedin and Babar (2017) X
Genes, Chary, and Chason (2014) X Fontes, Fonte, and Cardoso (2017) X X
Chatfield and Brajawidagda (2014) X To, Agrawal, Kim, and Shahabi (2017) X
Avvenuti, Cresci, Polla, Marchetti, and Tesconi (2014) Fosso Wamba, Edwards, and Akter (2017) X
Ilyas (2014) X Gray, Weal, and Martin (2018) X
Purohit et al. (2014) X Win and Aung (2017) X
Temnikova, Varga, and Biyikli (2014) X Li, Caragea, and Caragea (2017) X
Nguyen et al. (2014) X Sheikh, Masood, Khan, and Imran (2017) X
Kim (2014) X Alshareef and Grigoras (2017) X X
Middleton, Middleton, and Modafferi (2014) X Scott and Errett (2017) X
Guan and Chen (2014) X Wang and Zhuang (2017) X
Sutton et al. (2014) X Pirnau (2017) X
Imran, Castillo, Diaz, and Vieweg (2015) Fersini, Messina, and Pozzi (2017) X
Thom et al. (2015) X Singh, Dwivedi, Rana, Kumar, and Kapoor (2017) X X
Rudra, Ghosh, Ganguly, Goyal, and Ghosh (2015) X Li, Wang, Emrich, and Guo (2017) X
de Albuquerque, Herfort, Brenning, and Zipf (2015) X Kim et al. (2018) X
Takahashi, E, and Carmichael (2015) X Tagliacozzo (2018) X
Hara (2015) Zoppi et al. (2018) X X

(continued on next page)
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Table 6 (continued)

B D A B D A
Saravanou, Valkanas, Gunopulos, and Andrienko (2015) X Li et al. (2018) X
Graham, Thompson, Wolcott, Pollack, and Tran (2015) X Kim and Hastak (2018) X
Antoniadis, Litou, and Kalogeraki (2015) X Wang and Ye (2018)
Buribayeva, Miyachi, Yeshmukhametov, and Mikami (2015) X X X Zou, Lam, Cai, and Qiang (2018) X
Nar and Akgul (2015) X Onorati, Diaz, and Carrion (2018) X X
McCreadie, Macdonald, and Ounis (2015) X Manna and Phongpanangam (2018) X
Bakillah, Li, and Liang (2015) X X Hasan, Orgun, and Schwitter (2018) X
Ghahremanlou, Sherchan, and Thom (2015) X X Cvetojevic and Hochmair (2018) X
Kebabc and Karslgil (2015) X Ragini, Anand, and Bhaskar (2018) X X
Temnikova, Castillo, and Vieweg (2015) X Ni et al. (2018) X
Avvenuti, Vigna, Cresci, Marchetti, and Tesconi (2015) X Wu, Cao, Xiao, and Guo (2018) X X
Onorati and Diaz (2015) X Zheng, Han, and Sun (2018) X X

Note: Before (B), during (D) and after (A).
5. Implications for research and practice

After presented the current challenges that have been identified in
the literature, this section provides a research agenda for practitioners
and researchers concerning the use of Twitter for the management of
emergency situations. The items that require additional research by the
emergency management research community are the following:

Interoperability: As previously mentioned, the extraction of in-
formation from Twitter is not an easy task because of the nature of data.
One the one hand, messages are very heterogeneous containing ab-
breviations, misspellings, links, emojis, different languages, etc. On the
other hand, information may contain rumors and false news, that makes
difficult the proper management of information in Twitter.
Additionally, messages in Twitter may include images and videos of the
emergency which may provide useful information for emergency ser-
vices, but also can contain malicious information. For this regard,
emergency manager may benefit from mechanisms that allow to ex-
tract, process and analyze automatically relevant information and,
identify false information not only in textual information but also in
multimedia content.

Diversity: In an emergency situation, there is a diversity of parti-
cipants during the phases. Firstly, prior to an emergency occurs, diverse
emergency services communicate with citizens for various purposes
previously mentioned, as for example: police, firemen, local authorities,
etc. Secondly, during the emergency, communication media and citi-
zens share information. Finally, once the emergency has finished, all
the mentioned participants are actively participating with different
objectives. For example, the emergency services provide information
for the survivors, the authorities provide recommendations to return to
normality, and citizens to ask for help or provide information. For this
regard, it might be interesting to go further in terms of the automatic
detection of tweets according to the user who publishes the tweet and
the objective. In this line, the analysis of sentiments and emotions in
tweets may be useful for emergency management since it allows orga-
nizations to get closer to the emotion that lies behind each publication.

Credibility: Many citizens believe that anything online in digital
format is true and that the information is accurate and reliable.
However, rumors spread a large quantity of misinformation on micro-
blogs as Twitter. To take advantage of Twitter data as a source of in-
formation, the control of false information is increasingly important but
still quite challenging. This is especially crucial in cases of emergencies
where information in real time may be essential for the success of
emergency management.

Visualization: During an emergency situation, a huge amount of
tweets are generated making the management of information really
difficult. As mentioned above, one of the challenges is the development
of mechanisms that allows extracting relevant information from this
large amount of data to integrate it into management systems.
Particularly, such mechanisms may be a big help if the data stream can
be analyzed, visualized and interpreted in real time. In this sense,

research in interpretable visualization and user interfaces can provide a
better decision-making process especially for emergency managers.

Regulatory initiatives: Governance initiatives for social media
management in emergency situations are limited both from the per-
spective of emergency services and citizens. It is necessary the creation
of procedures, policies and regulations that facilitate the use of social
media during the phases of emergency management: before, during,
and after.

Advances in this agenda will mean a basis for the development of
better proposals that will facilitate and improve the management of
emergency situations. Those in charge of making decisions will be able
to take advantage of the content of social networks to improve the
decision-making process during the different phases.

6. Conclusions

This paper has conducted a systematic literature review on the state
of research concerning the use of Twitter information in emergency
situations. One of the main advantages of this methodology is the
confidence that the available literature has been thoroughly and sys-
tematically searched. For this purpose, in the planning phase, diverse
research questions have been defined, as well as the search criteria.
Next, in the conducting phase, the search and qualitative process have
been detailed. Finally, we have present the results with the aim to
answer to the research questions posed in the first phase. Therefore, the
following results are detailed: evolution of publications, type of docu-
ments, reference journals and conferences, methodologies, events and,
finally, the phases they are focus. Once the systematic literature review
has been finished, we have analyzed current situation and point out
future directions with the aim of fostering and directing further re-
search on the application of Twitter for the management of emergency
situations.
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