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Abstract

Purpose — The purpose of this paper is to present a statistical analysis of research into emergency
management (EM) using information systems (IS) for the period 2000-2016.
Design/methodology/approach — In this study, research trends in the area of EM using IS are analysed using
various parameters, including trends on publications and citations, disciplinary distribution, journals, research
institutions and regional cooperation. Through a keyword co-occurrence analysis, this study identifies the evolution
of the main keywords in this area, and examines the changes and developments in the main focus of scholars in this
period. The study also explores the main research orientations in the field by analysing and integrating the results
of two cluster analyses conducted from keyword- and reference-based perspectives, respectively.

Findings — The area of EM using IS has received increased attention and interest by researchers and
practitioners. It is suggested that more cooperation among research institutions is required to help facilitate the
further development of the area. Six main research orientations are identified: namely Web 2.0-enabled research,
geographic information technology (IT), IT-based research, the contextual use of IT, crisis collaboration
research and mass media communication research, since the research area first became popular in 2006.
Originality/value — This study is the first to comprehensively map the landscape of EM by conducting a
bibliometric analysis of the research using IS. The authors’ findings can help academics and emergency
managers gain a comprehensive understanding of the research area, and guide scholars towards producing
more effective findings.
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Introduction

The recent increase in incidents and hazards (such as the 9/11 terrorist attack, the 2008
Wenchuan earthquake and the 2011 Fukushima nuclear accident) has caused severe social
destruction and a huge loss of human life. This highlights the importance of addressing how our
abilities to handle natural and manmade emergency situations can be improved. The field of
emergency management (EM) has thus emerged to study how to cope with various crises and
disasters, reduce and minimise the loss of lives and property, help governments and victims to
recover from tragedies and reconstruct society to restart their lives after accidents (Waugh and
Streib, 2006). Emergencies by nature require organisations and emergency managers to
communicate and collaborate effectively. Hence, EM can refer to the capabilities of a person, a
community or an institution in dealing with urgent situations in various EM phases (Dusse et al,
2016; Waugh and Streib, 2006). Under chaotic and unknown conditions, emergency managers
must make informed and immediate decisions based on current information, and to engage
citizens and local communities in joint efforts to prepare, respond and recover from emergency
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situations (Comfort et al, 2004; Fleischer, 2013; Manoj and Baker, 2007). In view of this, broad
and sufficient information sources relating to the incident along with various information
systems (IS) are crucial for emergency managers to accomplish their tasks and to achieve
effective collaboration in emergency situations (Dusse et al, 2016; Yang et al, 2012).

Effective and efficient use of IS and related information technology (IT) is essential when
dealing with unexpected emergency events (Chen ef al, 2013; Van de Walle and Turoff, 2008).
Hence, many emergency departments have adopted various advanced IS to improve their
capabilities in EM (Engelbrecht et al, 2011; Sutcliffe et al, 2006). Correspondingly, EM using IS
has received increasing attention from scholars, and the number of research papers published
demonstrates this rapid development, as the potential for IS to enhance EM is realised
(e.g. Hu and Kapucu, 2014; Han et al,, 2015; Chou et al, 2014; Ling et al, 2015; Lu and Yang, 2011).
Research into EM using IS is thus an expanding area, and systematic and comprehensive
information is required for its further development and to help scholars understand the current
status of the field (Peng ef al, 2013). Dusse et al. (2016) mapped the landscape of virtualised IT
for EM, providing insights for researchers and developers in EM systems. Leidig and Teeuw
(2015) examined the characteristics of geographic information software used in a disaster
context, providing insights for further studies. Garg and Kumar (2016) reviewed research on the
role of social media in spreading information and attracting attention during emergency
situations. However, these studies focussed solely on one specific IT, and comprehensive
research mapping the landscape of the research area is still lacking.

To bridge this gap, we conduct a bibliometric analysis of EM using IS to gain an extensive
and comprehensive understanding of the area, strengthen the contributions of specific studies
and enable scholars to extend the research (Akhavan et al, 2016). This study can therefore be
of particular value to scholars and practitioners in the EM and IS fields. The specific research
questions that examine the intellectual mapping of the area are as follows:

RQI. What is the general state of the current research of EM using IS?

RQ2. What are the popular keywords, and how have they evolved over time (2000-2016)
in the research of EM using IS?

RQ3. What are the main research orientations in the research of EM using IS?

In summary, by analysing a bibliometric data set of 743 articles retrieved from the Web of
Science (WoS) (apps.webofknowledge.com), this study offers a comprehensive overview of
the current research landscape, discusses the main keywords and their evolution over time
and provides six main research orientations as outcomes.

Research methods

Bibliometric analysis refers to the combining of different frameworks, tools and methods to
study and analyse the literature (Ponce and Lozano, 2010) and provides statistical analysis that
summarises research publications. According to various descriptors and indicators, it allows
researchers to generate quantitative information from large amounts of historical data
(Gireesh and Gowda, 2008). Data and patterns within the bibliographic records of a network of
scientific documents are mapped out with statistical and mathematical tools (Santos and
Kobashi, 2009; De Bellis, 2009). The analysis in this study refers to the workflow proposed by
Cobo et al. (2011a) and Heradio et al (2016), which includes data retrieval, filtering and analysis.

Data retrieval

Relevant articles for this research were gathered from the WoS platform, as this is the most
authoritative of the scholarship databases, offering powerful features and covering a wide
variety of subjects in various disciplines (Meho and Yang, 2007). The core collection
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Figure 1.
Search query

Table 1.
Filtering criteria

database of WoS was chosen, as it gathers journals from the SCI-E, SSCI and A&HCI,
ensuring that the articles retrieved are of high quality.

To retrieve the articles, a search query (see Figure 1) was performed on the core
collection database. Line 1 in the query constraints ensured that articles retrieved would
be directly focussed on emergencies. EM is the main focus of the study, so the word
“emergency” was set in the search query together with “disaster” and “crisis/crises” to
retrieve articles that included these words in the their titles. Line 3 referred to articles
related to the topic of IS. To ensure the search of articles would be relevant to the topic of
managing emergencies, the topic word “management” was encoded in Line 5. Lines 7-9
excluded phrases unrelated to the concerned area. The excluded phrases were more
related to emergencies in the medical research area and might have led to more false
positives than relevant results. We ran the search query on 2 June 2016 on the WoS, and
only English journal articles between 2000 and 2016 were collected. Overall, 1,360 articles
were retrieved and added to the raw data set.

Data filtering

The 1,360 retrieved articles were then subjected to further selection to ensure that all of the
data were closely aligned to the research targets. The filtering work was carried out by two
postgraduates (A and B). Postgraduate A reviewed all 1,360 articles according to the criteria
listed in Table I and selected 743 articles for the data set analysis. Postgraduate B then
performed the same review process to judge whether the articles were relevant to the
research area based on the same list of criteria, but only for 60 randomly selected articles

Notes: “TI” and “TS” are the abbreviations of “title” and “topic”
(“Topic” refers to the title, abstract and keywords of an article),
respectively, in the normal search query of WoS. The asterisk pattern
(*) in the query, representing “zero to many characters”, is used to
catch noun plurals

Inclusion criteria

11 Information quality, trust and credibility aspects of EM

12 Theory and practice of using IS in emergency decision management
13 Novel techniques, methods and strategies in handling hazard-related IS
14 Social, political and ethical aspects of using IS for EM

5 The role and effect of IS in disaster-related situations

16 Big data for EM

17 E-education for EM

I8 Research method(s) employing IT

Exclusion criteria

El Study related to emergency medicine in the hospital

E2 Study focused on company crisis management

E3 Study focused on medical research

E4 Study with no abstract




from the 1,360 in the retrieved set. The rate of consistency in the decisions made by the two
postgraduates was 95 per cent, so the filtering results were accepted and 743 articles were
selected for the final data set analysis.

Data analysis strategies

Bibliometric analyses strategies can be divided into two categories. One category provides
descriptive information on the statistical analysis relating to the effect and influence of the
research efforts, and the other portrays the networks of links and cooperation between different
components of the research articles (Ramos-Rodriguez and Ruiz-Navarro, 2004). The end
results of the two categories of technologies offer insights and give a comprehensive picture of
the research efforts and developments in the research area (Callon ef al, 1993).

Based on the first category, a performance analysis was conducted to discover the
overall research pattern and to quantify the effect of scientific actors in the research area of
EM using IS to answer RQI. The second analysis strategy was then conducted to answer
RQ?2. The emergence and evolution of popular keywords in the research field throughout the
timespan were investigated, using keyword co-occurrence analysis. Two cluster analyses,
including keyword- and reference-based analyses, were processed to generate candidate
research orientations in the area. By further combining the results from the two cluster
analyses, we classified six major research orientations to answer RQ3.

Data analysis tools

Three main bibliometric software tools were used to facilitate the data analysis processes:
VOSviewer (www.vosviewer.com, Van Eck and Waltman, 2010), Bibexcel (www.umu.se/
inforsk/Bibexcel, Persson et al.,, 2009) and CiteSpace (cluster.cis.drexel.edu/~cchen/citespace,
Chen, 2006). VOSviewer is a tool specifically designed for constructing and visualising
bibliometric maps (Cobo et al, 2011b) and specialises in graphical representation. It was
used in this study for visualising the keyword co-occurrence analyses. Bibexcel performs
strong pre-processing functions on bibliometric data and offers various export options for
further analysis in other external software, such as SPSS (Cobo et al,, 2011b). A keyword
co-occurrence matrix was exported for analysis in SPSS to conduct the keyword-based
cluster analysis. CiteSpace provides effective processing in detecting clusters based on
references and allows for the visualisation of cluster results (Song et al, 2016; Chen, 2006);
as such, it was used for geographical visualisation and reference-based cluster analysis.

Findings of performance analysis

From the 743 articles, a comprehensive overview of the research into EM using IS is
provided in this section, along with an identification of trends and patterns from five main
perspectives: publications and citations, disciplinary distribution, journals, research
institutions and regional cooperation.

Publications and citations

Figure 2 depicts the evolution of paper performance throughout the years 2000-2016.
It shows the number of papers published per year in the concerned research area and the
number of citations those papers received. An increasing trend can be seen in the number of
published papers and their citations over time, which reflects a growing interest in the topic
of EM using IS.

We conduct an expectation and power curve fitting regression analysis of the trends of
publications and citations. The trend of publications is more similar with the expectation
curve (P < 0.001, R2 =0.959), while the trend of citations is more similar with the power
curve (P <0.001, > =0910). The two regression formulas are displayed in Figure 2.
Examining the increased rate, the curve representing the citations has a steeper slope than
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Figure 2.

Numbers of
publications and
citations (2000-2016)
in SCI-E/SSCI/A&HCI
databases

Figure 3.
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Notes: Based on the formulas of these two trends, the projected number of publications and
citations by the end of 2016 is 159 and 2306, respectively

that of publications, suggesting that the number of citations per year increased at a faster
rate than the number of publications over the past few years. In short, the increasing trend
for both publications and citations shown in Figure 2 reflects that the research area of EM
using IS has enjoyed an increasing influence and effect over time.

Disciplinary distribution

This subsection categorises papers according to their disciplines[1], and the 15 disciplines
with the most number of papers are given in Figure 3. The figure shows that the discipline
of geosciences multidisciplinary tops the list with the highest number of articles at over 100
publications, followed by water resources and meteorology atmospheric sciences, all of
which are related to the field of geology. The next three disciplines are computer science IS,
computer science interdisciplinary applications and management, respectively. The figure
shows that most articles belong to four main disciplines: geology, computer science, IS and
management. These four disciplines have therefore contributed the most to the development
of the research on EM using IS.
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Engineering Electrical Electronic
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Information Science Library Science
Public Administration

Environmental Studies

Environmental Sciences

Public Environmental Occupational Health

Operations Research Management Science
Management

Computer Science Interdisciplinary Applications
Computer Science Information Systems
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Highly cited journals

The results of the most cited journals are listed in Table II. The journals “Disasters”,
“Natural Hazards” and “Communications of ACM”, with 114, 108 and 85 citations,
respectively, received the highest number of citations from researchers. These journals are
from the disciplines of geoscience, computer science, public management and mathematics.
Regarding the five-year impact factor (IF) in 2015 and the IF without self-citation, most
journals on the list have an index of over 1.00. To further enhance the credibility of the
journal quality measure, the H-index is included for consideration, which Martinez et al
(2014) proposed adapting to support the analysis of citation classics. The H-index can be
explained as follows: “a research area has index h if h of the n papers published in the
area have at least h citations each and the other (n-h) papers have <h citations each”.
The H-index is an important indicator in assessing the quality of journals and the influence
of authors. Table II illustrates that the H-index of most journals is over 40. Hence, most of
the studies cite journals of high quality and ranking, and the influence of these studies has
gradually attracted the attention of an increasing number of researchers.

Productive research institutions and their cooperation

From our institution samples, Pennsylvania State University, with 16 published articles, is the
most productive research institution. The university has published studies on aspects from
both a technical perspective (e.g. geographic information computing, computer stimulation)
and an empirical perspective (e.g. behaviour and planning, use of social media). The University
of Central Florida and the National Central University are jointly second on the list, with ten
published articles each. Of the top ten most productive institutions, seven are from the USA,
four from Asia, two from Europe and two from Oceania. Researchers from the USA and Asia
thus have the highest levels of interest in the research area of EM using IS.

Table III shows that all productive research institutions cooperate with other
institutions. However, cooperation between the most highly productive institutions is very
limited, and is only found between the University of Illinois and Columbia University.

Figure 4 depicts the cooperation network of research institutions, and provides an overview
of the relationship among institutions. The results in the diagram correspond to those listed in
Table III. Figure 4 shows that the overall cooperation network among these institutions is
relatively loose. A more established network can be found among the University of Illinois,
Columbia University and University of Maryland than for other networks in the figure.
Complex and multiple research networks are, however, still lacking. The cooperation between

Five-year IF  IF without

Rank* Citations Publications Journal (2015) self-citation H-index
1 114 17 Disasters 1.407 1.040 41
2 108 33 Natural Hazards 2.054 1.373 60
3 85 2 Communications of the ACM 4425 3115 57
4 80 1 Public Administration Review 2.707 1.876 97
5 65 7 Decision Support System 3.271 2.300 75
6 63 18 Disaster Prevention and Management 0.855 1.010 10
7 62 0 Science 34.921 34.212 1133
7 62 5 Journal of Contingencies and Crisis na 0.878 7

Management
9 59 4 European Journal of Operational 2.139 3.109 156
Research
10 52 4 Natural Hazards Review 1172 1.586 14

Note: *Ranked by citations
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Table III.
High-level research
institutions

Rank* Institution Publications Research areas Citations Cooperation
1 Penn. State Univ. 16 Geographic information; computer 127 Y
simulation; behaviour and planning; social
media
2 Univ. Cent. 10 EM network; disaster responding 165 Y
Florida coordination; information communication
technology; organisation behaviour
2 Natl. Cent. Univ. 10 Emergency alarm; responding; relief; 79 Y
bridge management; post-disaster
management; mobile technology, remote
sensing; GIS; social network services
4 Chinese Acad. 9 IT; computer science; decision science; 82 Y
Sci. e-health
4 Univ. Wisconsin 9 Social media use in emergency; website 97 Y
assessment; emergency planning;
geographic information
6 Texas A&M 8 Social media use in emergency; geographic 11 Y
Univ. information; management information
systems; wireless sensor; water resources
6 Univ. Maryland 8 Communication; social media; knowledge 146 Y
management; e-government; bridge
management
8 Massey Univ. 7 Technology acceptance; visual modelling; 9 Y
globalisation; multidisciplinary science;
communication; emergency planning
evaluation
8 Univ. Illinois 7 IT; disaster responding; system 57 Y (Columbia
effectiveness; decision behaviour; GIS Univ.)
10 Kyoto Univ. 6 Information communication technology; 37 Y
viable system model; digital city; GIS
10 NE Normal Univ. 6 Fuzzy theory; dynamic risk; risk 37 Y
assessment; GIS
10 Lund Univ. 6 Emergency relief; decision making 10 Y
behaviour; system application; web
application
10 Commiss. 6 System technology; remote sensing; risk 37 Y
European assessment; knowledge management;
Communities digital Earth
10 Columbia Univ. 6 Disaster responding and recovery; mobile 44 Y (Univ.
technology; social network; information Tllinois)
management
10 Univ. Melbourne 6 Information computing; 3D technology; 64 Y

web application; user behaviour

Notes: “Y” represents that the institution has cooperated with other institutions that are not on the list, while

cooperation between institutions on the list is included in brackets. *Ranked by publications

different research institutions is believed to be highly effective in facilitating high level and
fruitful research, which can also help develop the research field into a more established area.
These research institutions should therefore engage in tighter cooperative relationships with
more institutions on different topics and research questions in the field of EM using IS.

Regional cooperation
The development and cooperation of countries/districts are analysed to identify the
geographical connections'between researchers. We also conducted the geographic visualised
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Note: The nodes represent institutions and the lines refer to the
linkage across institutions

analysis of scholar/institution cooperation between countries and districts (See supplementary
file[2] for the visualisation figure). The results display that cooperation of scholars/institutions is
mainly found in America and Europe, where numbers of publications and citations are also
significantly higher. In comparison, China and Australia show relatively less frequent
cooperation with other countries or districts worldwide.

Findings of keyword co-occurrence analysis

Keywords from all collected articles are extracted to conduct the keyword co-occurrence
analysis from both all-round and longitudinal perspectives. By gathering keywords from all
743 articles in the data set, the topics that receive most of the attention and interest from
researchers in the research area can be identified. Visualisation results produced by the
VOSviewer are presented in Figures 5 and 6. To facilitate an efficient analysis and exclude
insignificant results, keywords that did not meet a co-occurrence frequency of 2 are
excluded. Overall, 311 keywords met this threshold after exclusion.

Qverall analysis of keywords

Figure 5 presents the visualisation results of the overall keyword co-occurrence network.
“Emergency management” is the keyword with the highest amount of occurrence at 156
times. The keywords offer insights into the main interests of researchers, and can be
loosely categorised into two main streams: the response and communication on
emergencies and the use of IS, particularly geographic information systems (GIS) and
social media. First, in terms of responses and communication on emergencies, keywords
such as “crisis communication”, “collaboration”, “disaster response” and “resilience”
suggest that researchers are highly interested in how people respond and collaborate to
handle emergency situations, which would therefore affect “resilience” toward these
situations. This reflects that the presence of efficient and valid communication and
collaboration between various parties are viewed as a critical factor by scholars in the
research field, in terms of handling emergency situations and subsequently facilitating
recovery. Second, keywords related to GIS and social media are the main two in the IS
stream (reflected by the keywords “GIS”, “geographic information systems” and
“Twitter”). GIS refers to any system that captures types of geographical and spatial data
and allows users to “create interactive queries, analyse spatial information, edit data in
maps, and present the results of all these operations” (Clarke, 1986). In EM research, the
term “GIS” is usually related to disaster management, as the geographic information it
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Keyword co-
occurrence analysis

provides assistance disaster forecasts, responses and recovery. With the advancement of
Web 2.0 technology, social media have become extremely pervasive applications. Social
media are significant in that they allow users to generate and share content on the
(UGC) is a primary channel enabling anyone to find out
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Figure 6.

Keyword co-
occurrence in
2000-2005, 2006-2011
and 2012-2016

about events in different parts of the world. Social media also serve as an important
channel for governments, assisting them in releasing timely information about emergency
situations to the public.

The lower panel of Figure 5 offers an alternative perspective of keyword co-occurrences
using a thermodynamic diagram. The darker areas represent keywords that have received
more attention from researchers, while the lighter shades are those that are comparatively
less popular. Briefly, most researchers appear to be interested in studies of GIS- and
social-media-related IT for communication and collaboration in EM. This is particularly
apparent in the areas of emergency response and recovery.

Longitudinal analysis of keywords

To investigate the evolution of keyword relationships, the period 2000-2016 is divided into
three stages for another round of co-word analysis, including 2000-2005, 2006-2011 and
2012-2016, respectively. The results are presented in Figure 6. In the first stage, when there
is less research on EM using IS, few connections between keywords can be seen, and they
are rather dispersed. Since the 9/11 terrorist attack in 2001, the keywords “World Trade
Center” have appeared in the first stage. Research conducted during this stage was mainly
focussed and motivated by the occurrence of this attack. As the diagrams show, the
research field began to flourish after 2006. In the second stage (2006-2011), there was
significant growth in the number of keywords and their relationships and links from the
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Figure 7.

Cluster analysis
origin of summarised
research orientations

keywords and the number of keywords show a clear increase. The top five keywords in the
stage 2012-2016 are “emergency management”, “disaster management”, “social media”,
“emergency response” and “crisis management”. These largely correspond with the list of
keywords in the results of the overall co-word analysis (see the section on overall analysis of
keywords). The research interests in the stage 2012-2016 thus set the main trend of the
overall research area. Although the keyword “social media” emerges in the second stage
of 2005-2011, it becomes a hot topic in the third stage of 2012-2016. This is in parallel with
the development of Web 2.0, suggesting that EM has taken advantage of the development of

popular IT and is applying it in research and practice.

Cluster analysis of major research orientations

The technique of cluster analysis is widely applied to ascertain the research orientations
of a particular field (Peng et al, 2013). Cluster analysis can be conducted on various
elements of bibliometric data, such as keywords and references in the retrieved articles
set. In this study, two cluster analyses, including keyword- and reference-based
analyses, are conducted. The keywords and references quoted in all 743 articles are
selected as the analysis materials. The results of the two analyses are then combined for
further interpretation to confirm the final research orientations (see supplementary file
for more detail).

Integration of clusters’ results

Combining the results of the two analyses and comparing the clusters generated demonstrates
that the clusters share great similarities and can be deemed to be overlapping (e.g. the research
orientation of Web 2.0 technology for EM). These overlapping results are well supported by
the two cluster analyses and can thus be regarded as the major research orientations.
Gathering clusters shared by both cluster analyses, we conclude there are four major research
orientations: Web 2.0-enabled research, geographic-IT-enabled research, IT-based research
and contextual use of IT. We also found that some clusters are not shared between the two
analyses. The remaining clusters can be summarised as: crisis collaboration research
(concluded from the references-based cluster analysis) and mass media communication
research (concluded from the keywords-based cluster analysis). We therefore obtained six
final research orientations from two cluster analyses (see Figure 7).

+ Crisis collaboration
research

+ Web 2.0-enabled research

Keywords References
based + Geographic-IT-enabled research based
cluster cluster
analysis .
analysis

#*|T-based research

* Contextual use of IT

+ Mass media
communication research



All the research orientations consist of at least two sub-themes (shown in Figure 8).
The explanations of each orientation are:

@

@

G

@)

Web 2.0-enabled research

This research orientation focusses on the use of Web 2.0 technology and social media
platforms during emergency situations (e.g. voluntary sharing of geographic
information on social media platforms). The topics of e-government and crisis
crowdsourcing are also included in this orientation, as they discuss the involvement and
capabilities of both the government and the general public during EM. Four sub-themes
from the keywords- and references-based cluster analyses are included here: “social
media use in the EM” (e.g. Yates and Paquette, 2011), “volunteer geographic information
use and social media” (e.g. Haworth, 2016), “e-government and social media” (e.g. Jaeger
et al, 2007), and “crisis crowdsourcing” (e.g. Goodchild and Glennon, 2010).

Geographic-IT-enabled research

This research orientation centres on the topics of geographic IT used in disaster
management, emergency preparedness and risk assessment. Sub-themes in this
orientation are: “information facilitating city intelligence” (e.g. Monares ef al., 2011),
“the use of satellite and virtualization systems” (e.g. Voigt et al., 2007), “GIS for EM”
(e.g. Tsai et al, 2008) and “sensor web for EM” (e.g. Kussul et al,, 2014).

T-based research

This research orientation comprises essential topics on the use of IT in EM.
For example, 1mpr0v1ng the algorithm of decision support systems for efficient
decision making in emergency situations is a main concern in this research.
Three sub-themes are included: “decision support systems” (e.2. Yu and Lai, 2011),
“emerging IT” (e.g. Kim et al, 2016) and “network sustainability and information
communication technology” (e.g. Moynihan, 2008).

Contextual use of IT

This research orientation focusses on the use of IT in an EM institution or agency (e.g. a
public health department). The orientation includes two sub-themes: “IT for public health
in disaster” (e.g. Devita ef al, 2005) and “IT for local department” (e.g. Zheng et al, 2010).

Social media use in EM

Volunteer geographic information and social media
Web 2.0-enabled research

E-government and social media

Crisis crowdsourcing
Information facilities city intelligence
The use of satellite and virtualisation systems

GIS for EM

Geographic-IT-enabled research

Sensor web for EM

Decision support systems

Using 1S for EM IT-based research Emerging IT

Network sustainability and Information communication technology (ICT)

IT for public health in disaster
Contextual use of IT
IT for local department

Multi-agency management
- . Information for emergency response
Crisis collaboration research
Interagency communication
Information sharing within responder organisations
Mass media in disaster management

Mass media communication research
State-media relationships
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Figure 8.
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(5) Crisis collaboration research
This research orientation emphasises on the importance of communication and
information exchange for collaborative management in emergency situations. The sub-
themes identified from the cluster analysis are: “multi-agency management” (e.g. Bharosa
et al,, 2010), “information for emergency response” (e.g. Manno et al, 2015), “interagency
communication” (e.g. Kapucu, 2006) and “information sharing within responder
organisations” (e.g. Ginige et al, 2014).

(6) Mass media communication research
The role and power of the mass media in disseminating emergency information to the
public is emphasised in this research orientation (e.g. Barnes ef al, 2008). The “state-
media relationship” is another main concern of this research orientation (e.g. Chen, 2008).

Matching test

To investigate whether the six orientations are indicative of the major research interests, we
extract articles from the data set and match them to the orientations. The calculated H-index of
the data set from the 743 articles is 29. We therefore select the 29 most cited articles (“H core
articles”) to match them with the research orientations proposed earlier (see supplementary file
for more detail). The results show that the “Web 2.0-enabled research” orientation matches four
H core articles with 344 citations; the “geographic-IT-enabled research” orientation matches 12 H
core articles with 553 citations; the “IT-based research” orientation matches five H core articles
with 241 citations; the “contextual use of I'T” orientation matches four H core articles with 296
citations; the “crisis collaboration research” orientation matches three H core articles with 152
citations; and the final orientation, “mass media communication research”, matches two H core
articles with 60 citations. These results suggest that the “geographic-IT-enabled research”
orientation enjoys the most attention from scholars, followed by the “Web 2.0-enabled research”
orientation and the “contextual use of IT” orientation. These top three research orientations
focus on the use of specific types of technology or the contextual use of technology in EM. Based
on these findings, we suggest that applied specialised technologies and the highly contextual
use of technologies in emergency situations have the greatest appeal to researchers.

Discussion

In the “Performance Analysis” section, a series of analyses is conducted to offer an overview
of the current landscape of the research area in EM using IS from various angles to identify
the current state of the research field (RQ1I). These results help to identify the main trends in
the research field, and indicate that it is enjoying growing interest and development, with a
high level of growth in the number of publications and citations. Furthermore, four main
disciplines, including geology, computer science, IS and management, respectively, are
found to contribute the most to the field of EM using IS. However, the results also reveal a
limited cooperation between research institutions. Although some high-level research
institutions cooperate with other institutions, collaborations between these institutions are
rare. The research area is also most well established in developed countries, and research
institutions should further involve developing countries, offer expertise in the research area
and address emergency situations through joint efforts.

To provide an overview of the development of the keywords (RQZ2), a keyword
co-occurrence analysis is conducted and the results are presented in visualisation diagrams.
Based on the visualisation results, the most popular keywords in the research area can be
identified. The longitudinal analysis reveals that an apparent link between keywords first
appeared during the period 2006-2012, suggesting that the research field of EM using IS first
emerged at the beginning of 2006. The research area is thus a relatively new field that is
undergoing continual development and evolution.



Finally, two cluster analyses from keyword- and reference-based perspectives are conducted
and the results integrated to identify the major research orientations (REQ.3). The results of the
two types of cluster analysis are integrated and reconfigured to generate six major orientations
in the current research: Web 2.0-enabled research, geographicIT-enabled research, IT-based
research, contextual use of IT, crisis collaboration research and mass media communication
research. A match test is then conducted on the data set using the H core articles. All of the
articles can be classified into a corresponding research orientation, which indicates that these six
research orientations cover all of the most popular and significant topics of the papers in the
research area. In addition, some research papers can be classified into two or more research
orientations, such as the research conducted by Mansourian et al. (2006) on the development and
implementation of web-based geographic information (geographic-IT-enabled research) and the
spatial data-based IS (IT-based research). These articles indicate that the research orientations
are related to one another instead of mutually exclusive. However, the research orientations
defined by this study are temporal, as the landscape of the research area of EM using IS is
rapidly changing and evolving. Our findings on research orientations do offer useful insights to
scholars, helping them to understand the current research landscape of the field. Based on these
findings, scholars can develop new research ideas and produce cutting edge research output.

Limitations

In this study, a bibliometric analysis was conducted on the research involving both EM and
IS areas. Before summarising this analysis, some limitations and suggested improvements
should first be acknowledged. First, the objective of this research is to explore the relevant
research of EM using IS as a whole, rather than focusing on specific theories (e.g. Di Stefano
et al., 2010) or technology (e.g. Dusse et al., 2016), so the data set used for analysis does not
cover all related articles. Therefore, in the “Data Retrieval” section, the process of data
filtering is implemented to enhance the relevance of the data. Other data retrieval
approaches can be considered in the future to improve data quality and thus the analysis
results. Second, the bibliometric data in this study were collected from only one source
(W0S), so the exclusion of other academic research databases in the collection process may
influence the representativeness of the data. Hence, it is suggested that more academic
research databases be integrated so more comprehensive data can be collected, thus
avoiding possible data bias. Third, although extensive analyses are carried out on the
research area, other bibliometric analysis techniques, such as multidimensional scaling
analysis, are not conducted. Other analysis technologies can be applied in future studies to
acquire findings from a more comprehensive perspective.

Conclusion

To summarise, in this study, an analysis of the current research landscape in the area of EM
using IS is first conducted by identifying different trends and patterns in publications and
citations. Further analysis of the keywords within the research area is then conducted to
investigate popular keywords and their evolution over time. The links between keywords
suggest that EM using IS research emerged in 2006. A keyword- and reference-based cluster
analysis is then conducted to examine the major research orientations, and six are finally
identified. The findings from the analysis thus reveal the mapping of the research on EM using
IS, and offer an extensive overview for scholars, enabling them to conduct further studies.

Notes
1. With reference to WoS classifications, selected papers may belong to more than one discipline.

2. Supplementary file: Please refer to the website link: http://pan.baidu.com/s/1dEDj91Bz
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