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There is a growing need for resilience in dealing with unexpected events during disasters. The purpose of this
review was to summarize and synthesize the literature that examined resilience in the context of emergency
management (EM). Four groups of findings were synthesized: definitions, key dimensions, technical tools, and
research settings employed in the research. First, definitions of resilience, improvisation, and adaptation were
summarized and critically evaluated. Second, four key dimensions of EM resilience were identified: collective
sensemaking, team decision making, harmonizing work-as-imagined and work-as-done, and interaction and
coordination. Third, this review identified five prevalent technical tools used to enhance resilience in EM:
mapmaking, event history logging, mobile communication applications, integrated information management
system, and decision support tools. Fourth, two major design features of emergency simulations, incident sce-
narios and participant roles, are evaluated. For each finding, directions for future research efforts to improve
resilience in EM are proposed.

1. Introduction

Recent disasters such as catastrophic hurricanes and wildfires have
consistently demonstrated the need for emergency management (EM)
systems to adapt their performance to both expected and unexpected
disruptions — a property often referred to as resilience (Boin et al., 2010;
Shakou et al., 2019). Disasters pose severe challenges to affected com-
munities and individuals in preparing for, making sense of, and
responding to adverse events: disasters are unpredictable, usually
propagate severe consequences, entail risks and time pressure, and
deplete available resources, all of which render established emergency
plans ineffective (Perry, 2007). The 9/11 World Trade Center attack was
an archetypal event for which the need for resilience in managing
unanticipated events was clearly recognized. For example, exploitation
of civilian airplanes for mass destruction was neither expected nor
prepared for (Comfort and Kapucu, 2006); emergency operation plans
did not work as intended, and responses among emergency operation
teams were not communicated or coordinated as planned (Kendra and
Wachtendorf, 2003). A similar call for resilience during disasters has
been identified even in expected events. Hurricane Katrina, though
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anticipated through advanced forecasting, showed how emergency
personnel and organizations could fail to adjust, improvise, and inno-
vate their decisions and actions to situations that cascade into a cata-
strophic event (Boin and McConnell, 2007; Waugh and Streib, 2006).

Recognizing such apparent needs, researchers have studied resil-
ience in EM from multidisciplinary viewpoints. For instance, crisis and
disaster studies have examined why resilience is needed and have crit-
ically examined emergency management policy and administration
(Boin et al., 2010). These studies were primarily concerned with un-
derstanding the etiology of incidents and influencing policy makers and
public administrators towards more resilient approaches (Boin and
McConnell, 2007; Wise, 2006). One of the primary efforts in this area
was to highlight factors that hinder or promote resilience of incident
management protocols such as the Incident Command System (ICS) and
the National Incident Management System (NIMS) (Bigley and Roberts,
2001; Buck et al., 2006). However, such an approach has lacked efforts
to aid in evaluating system’s resilience or engineering resilience in the
EM domain (Boin et al., 2010).

To address this gap, a discipline called resilience engineering (RE)
has emerged to enhance knowledge regarding resilience of socio-
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technical systems in which human operators and technical tools jointly
adapt to and cope with complexity of unanticipated events (Hollnagel
and Woods, 2005; Hollnagel et al., 2006). Various definitions of resil-
ience have been proposed in the RE literature. Woods (2006) defined
resilience as a system’s capability to handle disruptions that fall outside
a designed performance envelope, emphasizing adaptations to unan-
ticipated situations (2006, p. 21). Later, Hollnagel (2011b) proposed a
refined definition of resilience as the system’s inherent ability to adjust
its functioning before, during, and after changes and disturbances
(2011b, p. xxxvi). Several characterizations of resilience have focused
on identifying factors that contribute to resilient performance. For
example, Hollnagel (2011a) suggested four main capabilities of resil-
ience (i.e., ability to anticipate, monitor, respond, and learn) and these
factors were used to assess resilience of socio-technical systems such as
healthcare organizations (Chuang et al., 2020; Patriarca et al., 2018b).
Woods (2006) described underpinning properties of resilience such as
buffering capacity, flexibility, margin, tolerance, and cross-scale in-
teractions. These attributes were evaluated to assess resilience of other
complex systems such as chemical processing plants (Shirali et al.,
2016), emergency departments (Son et al., 2019b), and disaster
response organizations (Mendonca, 2008). Finally, research efforts have
focused on engineering resilience into systems, in other words, making a
system more resilient. For example, scenario-based training was
designed and implemented to nurture resilience skills needed to build a
shared understanding of situations-at-hand and to plan response stra-
tegies ahead (Saurin et al., 2014). Another study proposed a novel
design of healthcare information technology (e.g., infusion pump) that
monitors current dosage and anticipates future states, which are essen-
tial pre-conditions for adaptive response to unpredicted adversaries
(Nemeth and Cook, 2007).

While RE has hitherto contributed to addressing emerging challenges
and identifying new capabilities in complex socio-technical systems
(Woods, 2017), commensurate efforts to examine resilience in EM,
compared to other domains, are still limited. Several existing literature
reviews aimed at providing an extensive overview of resilience literature
(Bergstrom et al., 2015; Righi et al., 2015), a summary of definitions
(Hosseini et al., 2016), and a focused evaluation of healthcare resilience
(Patriarca et al., 2017). However, none of these reviews explored resil-
ience in the EM domain, which requires greater attention due to
increasing catastrophic disasters. In addition, Hosseini et al. (2016)
concluded that there is lack of a universal definition across application
domains. While previous reviews were largely based on RE literature
since its initial advent (e.g., Hollnagel et al., 2006), resilience, in
conjunction with other notions such as adaptation and improvisation
which are crucial concepts in emergency and disaster management
research (Alexander, 2013; Kendra and Wachtendorf, 2003) has not
been explored. Moreover, existing reviews focused mostly on summa-
rizing various definitions (‘what is resilience?‘) and application areas
(‘how is resilience used?‘) with limited attention to documenting con-
stituent dimensions of resilience (‘what makes a system resilient?*).
Finally, none of the previous reviews investigated technical tools used to
support individuals and organizations in achieving resilient perfor-
mance. Such tools enable interactions between social (e.g., individual
responders and organizations) and technical factors and contribute to
system resilience (Salmon et al., 2014). To address these gaps, the cur-
rent research, by reviewing a broad range of resilience literature in EM,
aims to examine definitions of resilience and other related constructs,
contributors to resilient performance in EM, and technical tools to
achieve resilient performance in EM. Based on our synthesis, we propose
directions for future research efforts.

2. Method
2.1. Search protocol

A systematic review librarian was consulted for the development of
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literature search and review strategies and techniques, including search
database selection. Two coders applied a systematic review protocol to
search documents published between January 1990 and December
2019. The five databases were chosen to cover relevant literature in
various fields of study: Compendex for engineering literature, PsycINFO
for psychology literature, JSTOR for social science literature, and
MEDLINE and CINAHL for healthcare literature. Non-indexed sources
such as proceedings of Resilience Engineering Association symposia and
chapters of RE-related books (Resilience Engineering: Concepts and
Precepts, Resilience Engineering Perspective Vol. 1 and 2, Resilience
Engineering in Practice Vol. 1 and 2, Resilient Health Care Vol. 1, 2, and
3, and Delivering Resilient Health Care) were searched using the
established search and selection protocol.

In order to retrieve relevant publication archives, two search stra-
tegies similar to Jenuwine and Floyd (2004) were employed. In the
subject search strategy, a list of controlled terms was developed
(Table 1) for each database and literature search was carried out to
locate documents concerning subjects of interest. Subjects such as
cognitive system, human-machine system, and decision making were
considered to be significant in this search since these concepts are major
topics in resilience engineering (Woods and Hollnagel, 2006). In addi-
tion, disaster- and emergency-related idioms were also deemed as
necessary subjects to be searched. Due to the differences in subject vo-
cabulary between the databases, a respective set of controlled terms for
each database was developed and applied to the literature search. A
second strategy then applied non-indexed or free-text terms to extract
the target literature. Three keywords were used in this strategy: emer-
gency, management, resilience and their relata (Table 2). Two additional
terms, adaptation and improvisation, were included as free-text terms as
they are often used interchangeably (Grgtan et al., 2008; Righi et al.,
2015).

2.2. Inclusion and exclusion criteria
The initial search was limited to documents published between 1990

and 2019 in order to embrace early literature on resilience and impro-
visation in emergency response such as Weick (1993) and Mendonca

Table 1
Controlled search terms used for different databases.

Database Controlled terms Database Controlled terms
CINAHL Decision making PsycINFO Decision making
Decision support Decision support
systems systems
Decision support Disaster
techniques Emergency
Disaster planning preparedness
Disasters Emergency
Emergency service Management
Information systems Human machine
Natural disasters systems design
Human machine
system
Group decision making
Natural Disaster
JSTOR Cognitive systems MEDLINE Cognitive science
Decision making (Ovid) Decision making
Decision support Decision support
systems systems
Human machine Decision support
systems technique
Emergencies
Compendex  Cognitive systems

Command and control
systems

Decision making
Decision support
systems

Disaster

Emergency services
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Table 2
Free-text search terms.
Keyword Emergency Management Resilience
Relata $emergency $manage resilien*
$disaster $control adapt*
$incident $respond improvis*
S$crisis $operate improviz*

Note: $ for auto-stemming and * for truncation.

et al. (2001) while the major attention to RE was raised around 2006,
following Hollnagel et al. (2006)’s seminal work. The initial search re-
sults were then screened using Rayyan (Ouzzani et al., 2016). Docu-
ments were excluded if (a) the abstract covered domains other than
emergency and disaster management, (b) the type of the publication was
review article, dissertation, technical report, or white paper, or (c) the
document was not written in English. Duplicate records were eliminated
using a duplicate-handling feature of Rayyan. Two authors (CS and JM)
independently coded approximately 12% (n = 480) of the initial search
results by screening the abstracts. The intercoder reliability with
Cohen’s kappa (k=.76) was interpreted as substantial (McHugh, 2012).
A full-text screening was then conducted to exclude documents that (a)
discuss less relevant constructs such as environmental, psychological,
architectural, or financial resilience or (b) do not treat resilience as a
core subject. The same authors (CS and JM) individually screened the
full documents for eligibility. The intercoder reliability for the full-text
screening was also shown substantial (x=.79). Discrepancies that
occurred at each round of screening were resolved through clarification
on inclusion criteria and consensus-building.
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2.3. Data extraction and analysis

First, relevant information such as bibliographic data (e.g., authors,
published year, journal/conference proceeding) and major findings (e.
g., research focus, study design and methods, type of events considered,
technical tools examined, study location) were extracted from the
selected literature and entered into a spreadsheet. Next, in line with
Alias and Suradi (2008) and Rowley and Slack (2004)’s recommenda-
tion, a concept mapping tool called CmapTools (Institute for Human &
Machine Cognition, 2017; cf. also Canas et al., 2004) was used for the-
matic analysis (Braun and Clarke, 2006). Concept maps are deemed
suitable to elicit various concepts (nodes) and relationships between
them (arcs) using visualization features (Braun and Clarke, 2006;
Wheeldon and Faubert, 2009). In CmapTools, individual documents
were represented as a high-level (parent) node and specific findings
from each document as low-level (child) nodes. As the review pro-
gressed, the nodes were continuously regrouped and the arcs between
the nodes were iteratively adjusted to code main themes. Fig. 1 presents
an example of the concept map developed to elicit themes and
sub-themes regarding the harmonization of work-as-imagined (WAI)
and work-as-done (WAD).

2.4. Search and screening results

The initial search yielded 4,158 documents from which 55 were
finally selected for review after abstract and full-text screening based on
the inclusion and exclusion criteria. Fig. 2 shows the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA) diagram
(Moher et al., 2009) of the current review, depicting the literature search
and selection process in more details.
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Electronic Database Search: 3,821 records
¢ Published Jan, 1990 — Dec, 2019
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Manual Search: 337 records

=

.S REA RE and Safety Science
= Compendex PscyINFO JSTOR CINAHL MEDLINE Svotin RHC Book Special Issue on
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¢ Reviews (n=47)
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) 55 records included in literature review
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=
Fig. 2. PRISMA flow chart of literature search and inclusion/exclusion process.
3. Results research efforts for resilience in EM (see Appendix A for details). With

3.1. Overview of research characteristics

Findings from the current review indicate that there is variability in
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respect to publication types, over half (n = 32) were journal articles, 15
conference papers, and eight book chapters. For study designs, a ma-
jority of the research (n = 46) employed empirical techniques rather
than theoretical approaches. Of those 46 documents, a large portion (n

2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

ncluded documents

Fig. 3. Annual number of included documents in the present review.
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= 37) were based on qualitative methods such as observation, interview,
group discussion, or audio-video recording. While many studies adopted
mixed methods, observation (n = 19) and interview (n = 19) were two
primary ways to collect research data. Only eight documents reported
quantitative results by adopting controlled experimentation, document
analysis, or survey analysis. Various types of emergency events were
examined in the literature. From 43 documents that specified incident
types, 17 covered natural disasters (e.g., wildfire, storm, earthquake,
landslide), 16 addressed technical incidents (e.g., chemical spill, mari-
time incident, hazardous material), and 10 examined civil events (e.g.,
terrorism, riot, sports events). Regarding the geographical location of
research, 20 were conducted in North America, 17 in Europe, five in
South America, and three in Oceania. The annual trend of included
documents was also assessed as illustrated in Fig. 3. The graph shows a
continued interest in studying resilience in EM during the past three
decades.

3.2. Definitions of resilience in EM

The findings from this review show large variability in how resil-
ience, adaptation, and improvisation in EM have been defined in the
literature (Table 3). In line with Righi et al. (2015), the current review
confirms a high degree of cross-reference between thethree terms in the
EM context. For instance, resilience is generally defined as a system’s
adaptive capacity or adaptation to variable conditions in and around the
system (Lundberg et al., 2012; Woods and Branlat, 2011). Similarly,
definitions of improvisation include adaptation to changing situations
where new responses need to be planned and executed in a timely
manner (Mendonca and Wallace, 2002; Trnka et al., 2016).

In general, three distinct aspects have emerged from the definitions:
a temporal aspect, expectancy of disruption, and means for achieving
resilience, adaptation and improvisation. The first aspect identified from
the definitions is an EM system’s temporal behavior along different
phases of emergency management (i.e., prevention, preparation,
response, and recovery). Some definitions use a reactive framing to
highlight the capacity to respond to and recover from a disruption after
its occurrence (Abbasi et al., 2010; Caldwell, 2014; Hollnagel and
Sundstrom, 2006). Other definitions stress a proactive behavior such as
prevention and preparation before an adverse event in addition to
response and recovery (Longstaff and Yang, 2008; Righi et al., 2016;
Westrum, 2006; Woltjer et al., 2006).

The second emerging aspect in the definitions is the expectancy of
disruption. In particular, the ability to deal with unexpected events is
highlighted as an essential attribute of resilience (Aguilera et al., 2016;
Gomes et al., 2014; Righi et al., 2016). However, others (e.g., Comfort,
2002; Hollnagel and Sundstrom, 2006) posit that any changes, either
expected or unexpected, in the system require the capacity for resilience,
adaptation, or improvisation. In addition to expectancy, resource limi-
tation (Lundberg et al., 2012) and time pressure (Mendonca and Wal-
lace, 2002; Wybo et al., 2006) are addressed as other challenging traits
of the disruption to EM systems.

The third aspect is the means for achieving resilience, adaptation and
improvisation. In the field of EM, commonly employed means to cope
with varying demands of an emergency include allocating roles and
resources (Abbasi et al., 2010; Comfort, 2002; Voshell et al., 2008),
handling incident information (Bharosa and Janssen, 2009) or adjusting
emergency procedures (Franco et al., 2009).

While resilience, adaptation, and improvisation have common at-
tributes, nuanced differences also exist. First, adaptation is defined in a
more generic manner that highlights changes in the EM system’s per-
formance of allocating roles and resources (Abbasi et al., 2010; Cald-
well, 2014), not addressing the temporal nature of the response
(proactive vs. reactive), nor the severity of the demands that is common
in the definitions of resilience and improvisation. Second, definitions of
improvisation tend to stress the capability of creating and implementing
novel or non-routine actions shortly or immediately after recognizing

Table 3
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Definitions of resilience, adaptation, and improvisation.

Author(s)

Definition

Abbasi et al. (2010, p.
821)

Aguilera et al. (2016, p.
20)

Bharosa and Janssen
(2009, p. 1)

Caldwell (2014, p. 320)

Comfort (2002, p. 34)

Franco et al. (2009, p. 2)

Gomes et al. (2014, p. 782)
Hollnagel and Sundstrom
(2006, p. 339)

Longstaff and Yang (2008,
p-1

Lundberg et al. (2012, p.
101)

Mendonga and Wallace
(2002, p. 1)

Righi et al. (2016, p. 119)

Trnka et al. (2016, p. 253)

Voshell et al. (2008, p.
423)

Webb and Chevreau
(2006, p. 67)

Westrum (2006, p. 59)

Woltjer et al. (2006, p. 72)

Woods and Branlat (2011,
p. 129)

Wybo et al. (2006, p. 2)

“[Being adaptive means being] able to recover quickly
and effectively reallocate roles as the situation changes
... in a variety of situations, in time and in space.”
“[Resilience is] the adaptive capacity, or the ability of
the system to identify and to adapt to handle
unanticipated perturbations in order to keep the
system under control.”

“Adaptivity refers to collective system property
different from concepts such as agility and flexibility,
which indicate the possibilities for adapting from the
one state to the other. More specifically, we define
adaptivity as the degree to which a decision-making
unit has a variety of dynamic capabilities and the speed
at which they can be activated, to match information
demand and supply.”

“[Resilience considers] how quickly and completely
can one recover after the event prevents reasonable
operations.”

“[Adaptation is] the ability to reallocate resources and
action to meet changing demands from the
environment.”

“[T]he context of improvisation ... would describe the
balance of procedural versus management tasks
anchored, for example, by first responders adjusting
procedures to fit a given situation at one end, and the
organizational flexibility of an Emergency Operations
Center at the other.”

“Resilience can be very widely defined as the capacity
of the system/organization to successfully handle
disturbances, including the surprising ones.”

“A resilient system, or organization is able to
withstand the effect of stress and strain and to recover
from adverse conditions over long time periods.”
“[Resilience is defined as] capacity of a system to
absorb disturbance, undergo change, and still retain
essentially the same function, structure, identity, and
feedbacks. In other words, the system has the ability to
bounce back after a surprise.”

“[R]esilience ... [is] adaptation to the changes in the
situation, for instance an unusually high demand for
limited resources, often together with breakdown of
communications technology and other technical
systems.”

“To improvise is to rework knowledge to produce a
novel action in time to meet the requirements of a
given situation.”

“[Resilience] can be defined as the ability of a system
to adjust its operation, before, during or after
disruption in order to maintain the necessary
operations under both expected and unexpected
conditions.”

“Improvisation ... [is] an intentional process of
thinking and doing through which individuals and
team (organizations) continuously adapt to changing
needs and conditions in order to generate novel
responses.”

“A resilient organization must have the adaptive
capacity and resource management capability to cope
with complexity and surprise.”

“[Ilmprovisation refers to social activities that are
carried out in non-routine, atypical, or unexpected
ways.”

“Resilience is the ability to prevent something bad
from happening, [o]r the ability to prevent something
bad from becoming worse, [o]r the ability to recover
from something bad once it has happened.”
“Resilience is ... defined as the ability to anticipate,
prevent, detect, and recover from harmful events.”
“Resilience, as a form of adaptive capacity, is a
system’s potential for adaptive action in the future
when information varies, conditions change, or when
new kinds of events occur ...”

“[R]esilience is the ability of the organization (at any
level) to remain under control when faced to hazardous
situations, uncertainty, time pressure and threats, from
outside and inside.”
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the need to depart from established plans or procedures (Franco et al.,
2009; Mendonga and Wallace, 2002; Trnka et al., 2016; Webb and
Chevreau, 2006). Hence, improvisation can be seen as quick, creative
adaptation and one of the possible behavioral markers of EM resilience
in the response phase.

Unlike the other two constructs, definitions of resilience point to an
overarching systems concept that encompasses all the EM phases (Righi
et al., 2016; Westrum, 2006). Also, resilience is concerned with coping
with both expected and unexpected disruptions in order to maintain EM
system functions (Aguilera et al., 2016). Indeed, this inclusive framing
incorporates both adaptation and improvisation into the conception of
resilience (Lundberg et al., 2012; Trnka et al., 2016; Woods and Branlat,
2011).

3.3. Key dimensions of resilience in EM

Utilizing a thematic analysis approach, this review has identified the
following four key dimensions of EM resilience: (a) collective sense-
making, (b) team decision making, (c) harmonizing work-as-imagined
(WAI) and work-as-done (WAD), and (d) interaction and coordination.
Table 4 presents a list of the literature that addresses any of the four
dimensions. While findings regarding each dimension are presented in
subsequent subsections respectively, these dimensions are largely
interrelated and complementary, serving as constituent attributes of
resilience in EM.

3.3.1. Collective sensemaking

Comfort (2007) posits that the ‘cognition’ of emerging and evolving
risks is a crucial element of emergency response. In RE theory, moni-
toring what happens in a system, which is an essential element of
resilience, depends on the system’s cognitive processing of information
(Hollnagel, 2011b). In EM practice, this cognitive process is described as
creating a ‘common operating picture (COP)’ which serves as collective
awareness of incident status shared among emergency responders
(Wolbers and Boersma, 2013). This review has identified several factors
associated with collective sensemaking during an emergency. For
example, in Weick (1993)’s study, the death of a firefighting crew was
ascribed to the crew’s failure to quickly and accurately establish com-
mon understanding of evolving bushfire conditions. Then, four sources
of resilience that foster collective sensemaking were suggested: impro-
visation or bricolage (i.e., creative reconfiguration of existing resources
at hand), virtual role systems (i.e., imagining what others would do even
when they are lost), attitude of wisdom (i.e., avoiding overconfidence
and overcautiousness), and respectful interaction (i.e., honestly report-
ing to others and respecting others’ report). Later in the Sumatra
tsunami, the failure of a foreign government to make initial sense of the
disaster was ascribed to a delayed deployment of overseas rescue op-
erations for its citizens (Hollnagel and Sundstrom, 2006). Researchers
further examined the relationship between collective sensemaking and
resilience in EM. For instance, Lundberg et al. (2012) found that an EM
team’s collective sensemaking is associated with essential factors of
resilience such as buffering capacity, flexibility/stiffness, tolerance,
margin, and cross-scale interactions (Woods, 2006). Particularly, Hunte
(2017) indicated that similar experience in the past helps increase the
buffering capacity (e.g., human and physical resources) in the face of a
large civil disorder that occurred after a major ice hockey play-off.
Aguilera et al. (2016) emphasized collective sensemaking efforts
across multiple response organizations to keep chemical spill assessment
up to date.

While collective sensemaking is a key to EM resilience, its mainte-
nance during emergency situations may come at the cost of cognitive
overload due to excess influx of incident data (Gomes et al., 2014). To
relieve such overload, emergency personnel take advantage of standard
operating procedures (SOPs) as they prescribe what actions need to be
implemented and they promote routine behaviors (Righi et al., 2016).
SOPs, nonetheless, may increase the cognitive load when a situation

Table 4
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Four key themes identified from the literature.

Reference

Collective
sensemaking
(n=14)

Team
decision
making
(n=15)

Harmonizing
WAI and WAD

(n=18)

Interaction &
coordination
(n=15)

Abbasi et al.
(2010)

Aguilera et al. v
(2016)

Bergstrom et al.
(2008)

Bharosa and v
Janssen
(2009)

Brown and
Eriksson
(2008)

Caldwell
(2014)

Comfort (2002)

Comfort (2007)

Comfort et al.
(2004a)

de Carvalho
et al. (2015)

de Carvalho
et al. (2018)

Domeneghetti v
et al. (2018)

Franco et al.

(2009)

Frye and v
Wearing
(2016)

Gomes et al. v
(2014)

Harrald (2006)

Hollnagel and v
Sundstrom
(2006)

Hunte (2017) v

Klimek et al. v
(2019)

Longstaff and
Yang (2008)

Lundberg and
Rankin
(2014)

Lundberg et al. v
(2012)

Mendonca
(2007)

Mendonca
et al. (2006)

Mendonca
et al. (2001)

Mendonca and
Hu (2007)

Mendonca and
Wallace
(2007)

Mendonga
et al. (2014)

Pramanik et al.
(2015)

Rankin et al. v
(2013a)

Rankin et al.

(2014)

Reuter et al.
(2014)

Righi et al. v
(2016)

Rose et al.

(2015)

AN

AN

v

(continued on next page)
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Table 4 (continued)

Reference Collective Team Harmonizing Interaction &
sensemaking decision WAI and WAD  coordination
(n=14) making (n=18) (n=15)
(n=15)

Roux-Dufort
and Vidaillet
(2003)

Stachowski v
et al. (2009)

Son et al. v v
(2018)

Trnka et al. v
(2016)

Voshell et al. v
(2008)

Webb (2004) v

Webb and v
Chevreau
(2006)

Weick (1993) v v v

Westrum v
(2006)

Woods and v
Branlat
(2011)

Zhuravsky v v
(2018)

unfolds in unplanned ways. As an alternative approach to SOPs, Frye
and Wearing (2016) emphasize two metacognitive skills of emergency
responders: self-awareness (i.e., an ability to maintain situation aware-
ness by reconciling a ‘big picture’ and ‘ground truth’) and self-regulating
(i.e., a skill to prioritize one decision over another and to regulate de-
cision making tempo).

In addition to cognitive skills of individuals working in the EM area,
collective sensemaking requires clear organizational processes for in-
formation management. For example, Comfort et al. (2004a) emphasize
the importance of designing an adaptive information communication
process in inter-organizational incident management. The study found
that failure of inter-organizational adaptation had largely resulted from
ineffective search, processing and integration of information. As a way
to facilitate collective sensemaking during an emergency, Bharosa and
Janssen (2009) proposed four types of capabilities: preemptive (i.e.,
extending organizational boundaries), protective (i.e., loosening
coupling of and diversifying information resources), exploitative (i.e.,
forecasting information needs), and corrective (i.e., accommodating
new pieces of information when they arrive). On the other hand, Rankin
et al. (2013a) investigated information and communication flow of a
crisis response team and identified three factors that contribute to
reduced adaptive performance: i) lack of linguistic skills, ii) lack of
domain-specific knowledge, and iii) inadequate organizational structure
for disseminating, updating and validating information. With respect to
the communication pattern, Klimek et al. (2019) found out that hori-
zontal communication was prevalent when facing unanticipated situa-
tions while vertical communication took place more frequently for
expected events. Domeneghetti et al. (2018) observed more frequent
information communication (e.g., face-to-face) to expediate collective
situation awareness in EM organizations.

3.3.2. Team decision making

The second key dimension of resilience in EM is team decision
making in order to adapt to challenging and changing conditions. De-
cision making during an extreme event has typical traits such as rarity,
uncertainty and high consequences of the event, complexity among
infrastructure systems, time pressure, and multiple decision makers
(Mendonca, 2007; Mendonca and Hu, 2007). Under these constraints,
common decisions for the EM team to make during an emergency
include how to allocate limited resources, how to circulate information
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within EM teams as well as to the affected population, and how to keep
responders from hazards (Mendonca et al., 2006; Rose et al., 2015). In
order to cope with rare, unpredictable, and high-stake situations, EM
teams generally adopt an analytical and coordinated decision making
protocol such as the Incident Command System (ICS) (Mendonca et al.,
2014; Son et al., 2018). Also, training on generic decision making pro-
tocols, thus not specific to a certain scenario, was helpful in promoting
proactive decision making (Bergstrom et al., 2008).

Decision making of EM teams goes hand in hand with collective
sensemaking following a cyclic process of information search, infor-
mation exchange, comprehending emergency situations, establishing
action plans, implementing or adapting the plans, and organizational
learning (Comfort, 2007). The negative effect of lack of collective
sensemaking on team decision making was actually noticed in previous
incidents such as terrorist attack (Comfort, 2002) and wildfire (Weick,
1993). More recently, Domeneghetti et al. (2018) observed that decision
makers at a local command center relied on pre-established decisions (e.
g., evacuation perimeter and shelter-in-place), and leveraged informa-
tion being fed into the center to determine if the original plan requires
adaptation. In this regard, Caldwell (2014) theorizes boundary resilience
framing to explain decision makers’ approach towards situations that
exceed the boundary of designed capabilities. Domeneghetti et al.
(2018) also found that delayed information feed made it more difficult
for decision makers to adapt their decisions, and that expertise on sub-
ject matter (e.g., nuclear radiation) was crucial to deal with specific
hazardous scenarios.

There are also temporal and spatial differences between organiza-
tional decision makers and implementers of such decisions, which make
coordination between EM personnel difficult (Reuter et al., 2014).
Hence, researchers claim that EM teams should accommodate distrib-
uted and coordinated decision making as well as centralized processes in
order to more readily adapt to unexpected events and to reduce pressure
on central decision makers (Bergstrom et al., 2008; Zhuravsky, 2018).
To support the distributed decision making, system-wide information
sharing is needed as it facilitates mutual adaptation among multiple
decision makers and prevents locally, as opposed to globally, adaptive
decisions (Comfort et al., 2004a).

3.3.3. Harmonizing WAI and WAD

Another key dimension of EM resilience identified in this review is
the relationship between WAI and WAD. WAI stipulates how work
should be done and WAD refers to how such work is actually done under
varying circumstances (Wreathall, 2006). Researchers viewed SOPs for
emergency response as an instance of WAI and examined which steps of
the SOPs were actually implemented or omitted for WAD (de Carvalho
et al., 2015; Righi et al., 2016). Further, de Carvalho et al. (2018) found
that only about one third of steps of emergency SOPs were carried out as
prescribed. To compare and contrast between WAI and WAD in emer-
gency operations, event timeline analysis methods such as ‘Emergency
Management SOP TimeLine (EMSTL)’ (de Carvalho et al., 2018) were
developed and applied.

Possible reasons for the gaps between WAI and WAD can be found in
the way the SOPs were developed. SOPs may be written by those with
different ranks and expertise or not adequately reviewed and updated. It
may be due to lack of alignment between specific circumstances of sit-
uations at hand and the abstraction level of the SOPs (de Carvalho et al.,
2018). Brown and Eriksson (2008) suggest that misapplication or
under-utilization of emergency SOPs may occur due to insufficient
organizational planning processes, limited dissemination of plans,
inadequate plan-specific training, inaccurate hazard and vulnerability
assessment, and issues with design and usability of the plans. Therefore,
the ability of the EM organizations to adapt plans and to create new
solutions is considered essential to mitigate the limitations of emergency
plans and procedures (Aguilera et al., 2016; Rose et al., 2015).

From improvisation theory, implementation of WAI into WAD can
occur in two stages. The first stage is to recognize either that no
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appropriate plan is available or that an appropriate plan cannot be
implemented due to lack of resources needed. The second stage is to
create and execute a new plan spontaneously (Mendonca and Wallace,
2007). The dichotomy between WAI and WAD is similarly found be-
tween a referent and its realization. A referent is an abstract direction that
guides one’s cognition or behavior and is then realized into a specific
course of action given situational constraints (Mendonca et al., 2001).
One such realization is generating an alternative resource when a
standard resource cannot be mobilized, for example, using a gravel truck
to block a road in lieu of a police vehicle (Mendonca et al., 2006). Other
referents in emergency response may include routines formed from past
experience (Mendonca, 2007), pre-defined roles and responsibilities,
and highly-skilled individuals (Rankin et al., 2013a).

WAD has been studied in the context of emergency personnel’s role
changing behavior. For example, Rankin et al. (2013a) highlighted that
behavioral changes occur within the same role or by taking a different
role. Webb (2004) identified five types of role changes of emergency
personnel: i) procedure change (i.e., altering ways of performing a role),
ii) status change (i.e., assuming additional or broader scope of the role),
iii) normative order change (i.e., laying unusual restrictions on public
access, acquiring private assets without consent), iv) equipment change,
and v) location/facility change. Such role adaptation in practice was
similarly assessed in the 1995 Oklahoma City bombing and the 9/11
attack (Mendonca et al., 2014). These studies found that changes in the
intangible norms (e.g., procedural, status) were more frequent than
changes related to tangible materials (e.g., equipment, facility). With
respect to role change, Lundberg and Rankin (2014) identified four
categories: i) performing specialized work outside one’s own expertise,
ii) conducting the same specialized work supported by a highly skilled
expert, iii) practicing non-specialized work, and iv) performing works
otherwise handled at an organizational level (e.g., logistics). Moreover,
Zhuravsky (2018) observed that even the leadership was shared among
multiple members of the organization in response to a catastrophic
earthquake incident.

While WAD represents a common practice of adaptation in the
emergency context, there are some organizational traits that hinder
WAD from being laid out: over-reliance on documented rules and
standard procedures, excessive specialization of tasks, focusing on a
‘plan’ instead of ‘planning,’ failure to learn from near-misses, strong
dependence on centralized command and control, and an attitude to
replace emergency personnel with technology (Webb and Chevreau,
2006). In a similar vein, Roux-Dufort and Vidaillet (2003) postulated
conditions in which EM personnel’s adaptive behaviors may not occur,
such as an absence of shared perception of urgency, an extreme level of
urgency and surprise, rigid professional identity, and a lack of interac-
tion across different response groups. In addition, adaptations realized
in WAD may accompany some negative impacts such as lower quality of
work, higher workload, inefficient use of resources, and unclear roles
and responsibilities of EM personnel (Lundberg and Rankin, 2014;
Rankin et al., 2014). To mitigate such shortcomings, the following rec-
ommendations are given: providing training on non-routine roles,
defining roles and responsibilities for tasks more formally, sharing
updated information to relevant roles in a timely fashion, and allowing
personnel to observe various emergency cases (Lundberg and Rankin,
2014; Rankin et al., 2013a).

3.3.4. Interaction and coordination

The fourth dimension that emerged from the literature is that
interaction and coordination among individuals facilitate EM resilience
by promoting exchange and synthesis of knowledge for problem-solving
and mutual adaptation to emerging risks (Weick, 1993). For example, an
EM team coordinator’s effort to brief and debrief on incident informa-
tion is instrumental for a common understanding across different or-
ganizations (Domeneghetti et al., 2018; Gomes et al., 2014). Moreover,
coordination is required among distributed multiple decision makers to
adapt to changing or unexpected conditions (Harrald, 2006). In reality,
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standard EM protocols such as the ICS tend to place incident com-
manders in the center of organizational decision making, and thus the
protocol may not work between different organizations (Mendonca,
2007). Issues associated with the lack of coordination and collaboration
between multiple disciplines and jurisdictions were clearly identified in
the 9/11 attack (Westrum, 2006). Also, interaction and coordination is
necessary to reconcile WAI and WAD. Gomes et al. (2014) also found
that ad hoc sub-teams were formulated to deal with specific incident
scenarios. Thus, the study proposes that diversity of team members
would be a source of resilience in coordination and problem-solving.
Along with this claim, Franco et al. (2009)’s experimental work sug-
gests that team heterogeneity (i.e., a degree to which team members
were not trained together) would enhance the adaptive performance of
ad hoc EM teams. As another example of adaptation through coordi-
nating team members, Trnka et al. (2016) observed that EM teams co-
ordinated different expertise and skills as responders arrived at the scene
and resolved the mismatch between initial plans and actual needs.
Stachowski et al. (2009) indicated that effective EM teams tend to
circumvent routine interaction patterns to adapt to non-routine events.

Coordination across multiple EM operators and organizations,
however, is subject to at least five challenges. First, inter-linked EM
functions need to be assigned to the same role to facilitate coordination
between such functions. Second, a change in one organization’s tempo
that is faster or slower than that of others along evolving situations may
cause coordination loop asynchrony. Third, disparity in levels of support
between one’s own team and other organizations may result in support
asymmetry (Voshell et al., 2008; Woods and Branlat, 2011). Fourth, the
lack of familiarity and expectancy of using external resources may
hinder the actual resource utilization. Indeed, Pramanik et al. (2015)
found that when familiarity with other organizations’ capabilities and
expectation of future collaboration was increased, the EM personnel
were more likely to work with other units and utilize their resources.
Finally, lack of trust among members is found to increase the need to
consult with additional members, stifling coordination among them
(Longstaff and Yang, 2008).

Methods such as social network analysis have been used to under-
stand social interaction and coordination among members of EM sys-
tems. Gomes et al. (2014) performed a brief analysis on number and
direction of interactions, proposing further efforts to identify critical
roles in communication and decision making and to understand routine
or non-routine patterns of interaction. Abbasi et al. (2010) conducted a
survey with fire and emergency service personnel and identified that
social network measures such as individual and team tie strength (e.g.,
perceived amount of time spent together, emotional connectivity and
intimacy) were positively associated with team coordination. Results of
a recent quantitative study (Klimek et al., 2019) indicate that when
encountering unexpected situations, vulnerability and redundancy of
EM organization network increased and efficiency of the network
decreased due to the addition of new responders and bottlenecks. To
represent the interactions in a temporal dimension, Son et al. (2018)
developed the ‘interaction episode analysis’ method and examined how
a large-scale team handles incident information through interactions
between EM personnel and technical tools.

3.4. Technical tools that support human operators for resilience in EM
systems

Our review has identified five common technical tools used to sup-
port tasks and processes of individual operators and EM organizations
for improved EM resilience: (a) geospatial mapping, (b) event history
logs, (c) mobile communication applications, (d) integrated information
management systems, and (e) decision support tools.

(a) Mapping or map-making tools are widely employed in emergency
operations. For example, Petersen (2015) viewed map-making as
collective generation of risk knowledge through collaborations
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(b)

(@

@

(e)

among multiple operators. The study compared two mapping
approaches: centralized vs. distributed map-making. While the
centralized mapping was suitable for maintaining authority and
security, the ad hoc mapping strategy that enabled distributed
public engagement was more capable of providing up-to-date
information and helping make sense of changing conditions.
Bharosa and Janssen (2009) investigated roles of a plotter or a
mapper in assisting decision making units. Such roles were
responsible for visualizing and integrating incident information
into figures and maps, and sharing them with information man-
agers of decision-making units. Also, it was suggested that inte-
grating other data such as weather and potentially hazardous
areas would enrich the ‘common operating picture (COP)’
(Bharosa and Janssen, 2009; Reuter et al., 2014).

Event history log is another common tool used in the EM field
that provides a chronological repository of situations reported
and actions taken during an emergency (Comfort et al., 2004).
The event history log is also an important artifact that facilitates
coordination and information sharing by serving as a common
source of updated incident information (Rankin et al., 2013a;
Tveiten et al., 2012). However, the updates in the log are often
not communicated well with other emergency personnel, so it
may also cultivate incorrect information (Rankin et al., 2013a).
Tveiten et al. (2012) supported this finding and stressed the need
to protect event history log managers from receiving an excess
amount of information and requests for information.

Due to advanced mobile information technology, mobile commu-
nication applications have become a common tool in EM (Robinson
et al., 2015). Although standardized communication systems are
required to ensure technical interoperability among different
organizations, emergency operators frequently utilize
off-the-shelf consumer applications such as social media and
cloud workspace for informal and improvised communication.
Usage of instant messaging mobile applications has been docu-
mented for inter-agency communication in real-world emergen-
cies such as civil disorders (de Carvalho et al., 2015). To facilitate
the informal and ad hoc communication, Reuter et al. (2014)
demonstrated a mobile application called ‘Mobile Collaboration
(MoCo)’. This application was conceived to allow for improvised,
multilateral communication across both designated and un-
planned participants while addressing the limitation of
one-to-one cellphone communication. The study claims that
participating agencies and stakeholders in the emergency
response would receive benefits from the informal yet informa-
tive mobile communication systems for better sensemaking of
changing situations and coordination among different response
efforts.

An integrated information management system is also found to be
necessary for adaptive inter-organizational decision making
during an emergency. For instance, Comfort et al. (2004)
designed and implemented a prototype of ‘Interactive, Intelli-
gent, Spatial Information System (IISIS)’ to improve collabora-
tion among multiple organizations across different jurisdictions.
To support the EM organizations in adapting to emerging and
evolving hazardous conditions, IISIS features real-time commu-
nication between different organizations, real-time access to a
distributed database (e.g., geographic information) and rapid risk
assessment. Neville, Doyle, Sugrue, and Muller (2013) provided
an overview of commercial incident information management
systems including functional requirements such as multi-agency
collaboration mandated by the NIMS.

For adaptive decision making in EM systems, decision support
tools have been developed. Mendonca et al. (2001) and Men-
donca et al. (2006) created a group decision support system
(GDSS) named ‘emergency management improviser (EMPROV)’
and conducted an experiment to examine whether the GDSS
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influences planning and execution of team decisions regarding
resource allocation during an emergency. To generate alternative
resources when a standard resource becomes unavailable,
EMPROV incorporated cognitive processes for improvisation:
determining whether an event can be handled by existing re-
sources, searching for a pertinent referent for such resources, and
generating alternatives. The results of the experiment showed
that supported groups spent relatively less time on planning for
the allocation of alternative resources and reported a lower level
of perceived improvisation than unsupported groups.

3.5. Use of simulation to investigate resilience in EM

The current review found out that emergency simulation exercise is
predominantly used as a study setting. Due to the inherent risks involved
in observation and collection of data from real emergencies, of 39
studies that involved data collection, 22 (56%) were conducted in
simulated exercises. Among these, a few studies discussed design factors
including exercise scenarios, roles, and techniques for increasing the
realism of the simulation as well as for cultivating resilience skills. For
example, Trnka et al. (2016) proposed six design variables for stimu-
lating adaptive behaviors in emergency response: i) risk (i.e., likelihood
and consequence of an adverse event in the simulation), ii) dynamism (i.
e., magnitude of a situation change), iii) tempo (i.e., how rapidly or
slowly such change occurs), iv) stress (i.e., a gap between work demands
and available resources in the response operations), v) information
structure (i.e., distribution of information across multiple participants),
and vi) feedback (i.e., provision of the state of the simulated occurrences
to the participants). In addition, Trnka et al. (2016) suggest that
providing information inputs or ‘injects’ to the participants in real-time
further increases the realism of the exercise. Furthermore, Field, Rankin,
van der Pal, Eriksson, and Wong (2011) suggested three ways to
manipulate the realism of the simulated emergency: i) number of events
(increasing or decreasing may affect the risk and tempo of the design
variables above), ii) randomness of events (degree of expectation of a
situation occurring), and iii) situational complexity (configuration of
contextual factors of an incident scenario).

While the scenario design is concerned with creating a stage for
emergency response, the design of roles is an important step for
assigning tasks to actors on that stage. Indeed, a role-play exercise is
considered an effective approach to understand how actors in the ex-
ercise perform in a fluid and complex conditions (Woltjer et al., 2006).
Indeed, Trnka et al. (2016) observed how the roles of participants in
emergency exercises were adapted over time. Such adaptation occurred
when the team was initially charged with an emergency situation and
when new tasks were identified along the course of the exercise. In both
instances of adaptation, similar functions were merged into one role (e.
g., information management and media relations) and a team member
assumed another role outside of that member’s specialized area. The
role-play exercise can be devised with a different level of fidelity. Her-
melin et al. (2019) indicate that the exercise may take place from a
simple table-top setting to a full-scale facility. Regardless of the fidelity,
however, after-action review of the exercise is recommended as an
effective way to self-reflect about which adaptations were successful and
to mitigate similar issues in the future (Hermelin et al., 2019; Woltjer
et al., 2006).

4. Discussion

By recognizing escalating threats from recent disasters as well as lack
of focused attention on resilience in the context of emergency man-
agement, we conducted a systematic literature review and provided a
summary and synthesis of resilience in EM research. While a majority of
the research efforts have taken an empirical approach and thus provided
actual evidence for EM resilience, the predominant use of qualitative
methods may reduce the generalization of findings and make
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comparison between the findings difficult (Gelo et al., 2008). Given
sufficient contextual knowledge of resilience in EM, future studies are
recommended to employ quantitative approaches (e.g., controlled ex-
periments and hypothesis testing) to infer generalizable knowledge and
predict resilient performance of an EM system. In what follows, we
discuss the defining elements of resilience in EM, key factors and tech-
nical tools to achieve resilience in EM, and the value of simulation
studies in future research to further enlighten knowledge of resilience in
EM.

4.1. Three aspects of definitions of resilience in EM

Unlike previous reviews (Hosseini et al., 2016; Righi et al., 2015)
that were mostly focused on resilience, the current review evaluated
definitions across three cognate concepts in EM—resilience, adaptation
and improvisation—and provided distinctions between these constructs
along three aspects (i.e., temporality, expectancy of adverse events, and
means for achieving resilience). Specifically, in line with Patriarca et al.
(2018a), our evaluation of the definitions further supports that impro-
visation is an essential phenomenon for resilience in EM where quick
actions are required under time pressure. By highlighting each of the
three aspects, future work should focus on i) investigating what the EM
system does to prepare for and respond to an adverse event, ii)
measuring the effects of unexpectedness of an emergency situation on
the EM system’s performance adjustment, and iii) developing and
testing means (e.g., training programs, work processes, and technical
tools) that support adaptation under changing and challenging
conditions.

4.2. Four key factors to achieve resilience in EM

The current review elicited four key dimensions that contribute to
resilience in EM: i) collective sensemaking, ii) team decision making, iii)
harmonizing WAI and WAD, and iv) interaction and coordination. While
some of these factors were partially claimed in the previous RE literature
(Hollnagel, 2011b; Woods, 2006), our research provides a collection of
interlinked factors needed to achieve resilience in the context of EM.
Therefore, our findings may facilitate future investigations on individual
dimensions of EM resilience as well as interdependencies among them as
suggested in the following research agenda.

First, creating a common understanding of incident situations or
collective sensemaking has been considered a foundation of EM resilience.
However, only a few studies (Bharosa and Janssen, 2009; Petersen,
2015; Rankin et al., 2013a) have focused on specific tools to improve the
collective sensemaking in EM. For example, the role of information
management tools used in EM (e.g., incident mapping, event history
logging) needs further investigation. Based on the current review,
promising research topics for future investigations include: studying
differences between centralized control and distributed participation;
incorporating multiple incident data into a visually informative form for
decision makers (e.g., hazardous conditions); and improving designs
suitable for updating information in a timely manner. Widespread
commercial collective sensemaking tools such as WebEOC® can also
benefit from similar improvements (Robinson et al., 2015; Scholl et al.,
2017). Such collective sensemaking tools should be designed to support
knowledge-based reasoning commonly required during an emergency
(Vicente, 2002) in addition to the current utilization as an information
repository (Comfort et al., 2004).

Second, this review has identified that team decisions during an
emergency involve coordination among distributed decision-makers.
Particularly, team decision making in EM is often driven by government
protocols (e.g., ICS, NIMS; Son et al., 2018). Consequently, future
research should investigate how temporally or spatially distributed de-
cision makers are coordinated to adapt decisions while following such
principles in a fluid emergency condition. While a few team decision
support systems have been developed and documented (Mendonca
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et al., 2001; Mendonca and Wallace, 2002), findings pertaining to the
effects of such support systems on the EM team’s resilient performance
are somewhat inconclusive (Mendonca et al., 2006). Future efforts
should, therefore, focus on developing more effective support systems
that help EM teams quickly recognize adverse events and adapt to
changing or unexpected conditions. These systems should also support
perception and integration of incident information, as well as complex
problem-solving under time-pressure.

Third, bridging the gap between WAI (e.g., pre-emergency plans)
and WAD (e.g., implemented actions) has long been a challenging quest
in response to emergency events (Buck et al., 2006). The fact that
emergency procedures cannot cover all the possible scenarios and that
such procedures may not be implemented exactly as imagined (Holl-
nagel, 2017) should be acknowledged in the first place. Specifically, the
current review provided different dimensions where such discrepancies
could occur such as roles of emergency responders (Mendonca et al.,
2014; Webb, 2004). Hence, it is imperative to develop emergency op-
erators’ ability to devise and implement adaptive actions to changing
conditions while meeting the overall goals during an incident (de Car-
valho et al., 2018). As indicated by Son et al. (2019b), it would be
necessary to incorporate such temporary improvisational actions into
formal emergency training programs or emergency operations plans. To
that end, the gaps between emergency operating procedures and their
actual implementation would be reduced.

Fourth, our review has found that interaction and coordination among
EM personnel is an essential factor that renders other aspects of EM
resilience possible. In reality, it has been a recurring challenge to create
supportive and value-added interaction and coordination among
distributed EM personnel (Comfort et al., 2004b). Considering the
prevalence of a team-oriented environments in emergency operations,
future studies along the interaction and coordination dimension can take
two approaches. One approach is to investigate actions that EM team
members carry out, for example, temporary assembly of sub-teams to
reach a decision for specific problems (Domeneghetti et al., 2018;
Gomes et al., 2014) in order to identify what type of interactive and
coordinative actions occur in the EM team setting and how such actions
contribute to collective sensemaking or team decision making. Another
approach can be taken from a team composition perspective. Given the
common practice of ad hoc teaming and role changing patterns in EM
(Pramanik et al., 2015; Trnka et al., 2016), additional attention should
be paid to the formation of EM teams when necessary roles are not filled
(Rankin et al., 2013b), or when expertise of team members is disparate
(Franco et al., 2009). From a methodological standpoint, many studies
have sought to descriptively explain how the interaction and coordi-
nation occurs in EM; nonetheless, complex interaction patterns of the
EM personnel have rarely been analyzed, and quantitative assessment
methods are largely absent. Hence, future studies may benefit from
analytical methods suitable for complex and dynamic interactions such
as social network analysis (Roberts et al., 2019), recurrence quantitative
analysis (Demir et al., 2019), and interaction episode analysis (Son et al.,
2020).

4.3. Developing technical tools to support resilience in EM

This paper presents a summary of five common technical tools used
to support individual operators and organizational processes during
emergencies. While advanced technologies often provide better oppor-
tunities to increase resilience of socio-technical systems, they may also
result in brittleness, as opposed to resilience, when poorly designed (e.
g., clumsy automation; see Patriarca et al., 2017; Woods, 2017). Several
opportunities and challenges associated with each of the common
technical tools, in terms of the four key factors of resilience in EM need
to be discussed (Table 5).

First, the mapping tools offer a rich geospatial overview of incident
operations regarding what events are occurring where. Such represen-
tation show how planned tasks occur in real life which may contribute to
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informed decisions. Also, multiple mapmakers can use the mapping tool
as a joint platform for collaboration. However, it may be challenging to
integrate multiple geospatial data entered at different times and from
different locations. An event history log provides notable events and ac-
tions in a chronological order. Although the event history log is mostly
based on text that conveys less information compared to maps, the logs
can better trace what has occurred in the past, which helps identify
patterns of event occurrence. Since the log lists such individual events as
a separate input, it may be difficult and time-consuming to pinpoint a
specific entry. Mobile communication applications are promising as they
enable multilateral and simultaneous communication even with un-
planned users and can support other functions such as visual mapping.
By expediting the sharing of common incident information, mobile
communication applications may reduce the discrepancies between
decisions made at different sites or different organizational levels.
However, additional care should be taken to control the ad hoc access
and to validate data entered by unplanned users. Integrated information
management systems are emerging in the field of EM (Neville et al.,
2013). These systems support the information management cycle of EM
systems—-that is, searching, processing, and disseminating incident
information-and thus provide a common operating picture (COP).
Moreover, additional advanced functions such as potential risk estima-
tion and role assignment may be provided. Nevertheless, it should be
also noted that participating organizations may require customized
scope and type of information rather than a single, big picture (Son et al.,
2019a). Lastly, decision support tools (DSTs) can be useful when the need
for generation of alternative decisions emerges. Therefore, DSTs can
complement a formal and analytical, and often lengthy, planning pro-
cess usually taking place in the EM field. In addition, ensuring the same
information to be available in DSTs may facilitate negotiation among
multiple decision makers. However, over-reliance on DSTs or
over-creativity of the alternative decisions should be eschewed.

4.4. Emergency simulation to facilitate future research efforts

Despite the widespread use of emergency simulation exercises as a
study setting, extant knowledge regarding the effect of scenario design
factors and role-playing conditions on resilience of EM organizations is
quite limited. Thus, future studies should place more efforts on devising
emergency simulations, being not only realistic but also amenable to the
investigation of resilience. First, such simulations need to reflect the
dynamic and uncertain nature of an emergency incident. This can be
achieved by varying tempo (slow vs fast progression), intensity (low vs

Table 5
Opportunities and challenges of technical tools for resilience in EM.
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high consequence), and uncertainty (expected vs. unexpected events) of
simulated events (Field et al., 2011). Second, actual operating processes
of EM organizations should be incorporated into the simulation settings.
For instance, the simulation needs to consider multiple, different roles
(e.g., incident data collector, mapper, event logger) involved in the in-
formation management and decision-making process. In addition,
providing real-time feedback about the status of the incident and the EM
organizations via ‘injects’ (Trnka et al., 2016) can be used to increase the
fidelity of simulated exercises.

5. Conclusion

The current review was focused on summarizing and integrating
findings from the literature on resilience in EM. The evaluation of def-
initions indicated that resilience is intertwined with two other concepts,
namely adaptation and improvisation, but also showed differences
across three categories: temporality (proactive vs. reactive perfor-
mance), expectancy (expected vs. unexpected disruptions), and means
for managing disruptions. This paper also documented four essential and
interrelated factors of resilience in EM: collective sensemaking, team
decision making, harmonizing WAI and WAD, and interaction and co-
ordination. Regarding the key factors, future research areas were sug-
gested to address associated limitations identified in this review.
Considering the EM system as a socio-technical system, five types of
technology used to support EM resilience were identified. Further,
possible opportunities and challenges that such technology might bring
were also discussed. Lastly, our review indicated that simulation exer-
cises can be an effective way to investigate EM resilience and thus we
provided guidelines for designing emergency simulations.

Given the complexity of emergency management in recent disasters,
resilience in emergency management has emerged as a core agenda both
in research and practice. However, addressing challenges that impede
resilience in EM remain a critical research gap. By integrating diverse
theoretical and empirical findings, this review would serve as a foun-
dation for further efforts to engineer resilience into EM systems from
various perspectives, such as supporting collective sensemaking,
reconciling WAI and WAD, and adaptive team decision making through
interaction and coordination between EM systems.

5.1. Limitations of the present review

First, the scope of the present review was confined to the domain of
emergency and disaster research. Thus, the findings and discussions may

Opportunities

Challenges

Team Decision
Making

Collective Sensemaking

Harmonizing WAI and
WAD

Interaction and
Coordination

Mapping tool (Bharosa and
Janssen, 2009; Petersen,
2015)

Event history log (Comfort et al.,
2004a; Rankin et al., 2013a;
Tveiten et al., 2012)

Providing rich and
current geographical
information.

Storing notable events
and actions in a
sequential order.

Informing decision
makers of up-to-date
overview of status.
Providing a track of
past events to identify
patterns of
occurrence.

Reducing variability
of decisions made at
different sites.

Mobile communication
application (de Carvalho et al.,
2015; Reuter et al., 2014;
Robinson et al., 2015)

Integrated information
management system (Comfort
et al., 2004a; Neville et al.,
2013)

Decision support tool (Mendonca
et al., 2001, 2006)

Enabling multilateral
communication (i.e.,
many-to-many).

Supporting information
management cycle and
providing COP.

Suggesting potential
risks to inform future
actions to be taken.

Feeding the same
information basis to
multiple decision makers.

Generating
alternative decisions
to achieve incident
objectives.

Understanding how
planned tasks are
currently happening.
Showing how actual
events occurred regarding
expected scenarios.

Accommodating ad hoc
participation of unplanned
individuals.

Re-assigning roles of
participating members.

Complementing formal,
analytical planning
process.

Allowing for collaborative
efforts from multiple
mapmakers.

Serving as a common
warehouse for individuals
to retrieve past records.

Providing enhanced
interoperability among
different organizations.

Reducing discrepancies of
knowledge shared among
multiple organizations.

Facilitating negotiation
among multiple decision
makers.

Multiple data may be
entered at different times
from multiple sites.
Difficulty of locating a
specific entry as the list
gets longer.

Extra efforts to control
access and ensure the
validity of data.

Different entities may
require customized type
and level of information.

Over-reliance on
suggested alternative
decisions and over-
creativity of the decisions.
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not be directly applicable to resilience of other socio-technical domains.
However, previous reviews were largely focused on resilience engi-
neering literature rather than a broad scholarly work of resilience in a
disaster context. Hence, the current review may fill the gap that exists in
such comprehensive RE reviews. Second, while the current review uti-
lized established systematic review methodologies under the supervi-
sion of a librarian at a tier-one research-intensive university and with an
advanced screening support tool (i.e., Rayyan), we acknowledge that
developing sets of exhaustive search terms (e.g., controlled terms, free-
text terms) was a difficult undertaking and it is possible that several
relevant papers might have been missed. Third, to mitigate the coders’
biases in eliciting emergent factors of resilience, future research is
required to develop a set of criteria for which agreement between
multiple coders can be assessed. Fourth, although we summarized study
designs (e.g., theoretical, qualitative, quantitative) of the included

Appendix A

Table A

Summary of extracted findings from the included literature (n = 55)
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literature, we did not appraise the quality of evidence, which may offer
further value of the review and thus is recommended as future inquiry.
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Authors (year) Publication Research focus Research Study methods Type of event Study Utrecht
type design studied location
Abbasi et al. Conference Examining the relationship between incident Qualitative Survey Wildfire Australia
(2010) management team members’ coordination and their
adaptive behavior
Aguilera et al. Journal Describing how functional variability in planning, Qualitative Observation, interview, Chemical spill Brazil
(2016) execution, and resources impacts nuclear audio-visual recording
emergency response activities.
Bergstrom et al. Conference Investigating whether non-domain specific training  Qualitative Observation Maritime Sweden
(2008) improves crisis management team’s ability to incident
handle emergency situations.
Bharosa and Conference Identifying types of adaptive capabilities in disaster ~ Qualitative Observation, interview, Flooding, The
Janssen (2009) information management. document analysis chemical spill Netherlands
Brown and Journal Discussing limitations of emergency plans and Theoretical
Eriksson (2008) proposing ways to develop the plans that support
resilient operations.
Caldwell (2014) Journal Proposing a concept of resilience boundary framing  Theoretical
for managing large-scale emergency events.
de Carvalho et al. Conference Describing how an integrated command and control ~ Qualitative Observation, interview Sports event Brazil
(2015) center responded to a civil disturbance during a
major sports game.
de Carvalho et al. Journal Comparison between WAI represented in SOPs and Qualitative Observation, interview, Railroad Brazil
(2018) WAD identified from simulated emergency training audio-visual recording incident
for firefighter captains.
Comfort (2002) Journal Developing a model of auto-adaptation aimed at Qualitative Case study, document Terrorism USA
improving inter-governmental performance in analysis
extreme events.
Comfort (2007) Journal Claiming that cognition is essential to adaptive Theoretical
performance in emergency management jointly
with communication, coordination, and control.
Comfort et al. Journal Designing integrated spatial information systemand  Qualitative Observation, interview Hazardous USA
(2004a) reporting findings from its demonstration in a local material
jurisdiction. release
Domeneghetti Journal Identifying the relationship between pre-established  Qualitative Observation Nuclear France
et al. (2018) action plans and mid-incident decision making incident
based on expertise for mass protection.
Field et al. (2011) Conference Suggesting necessary elements for emergency Theoretical
training scenarios to foster adaptive skills.
Franco et al. Conference Evaluating the effect of improvisational behaviors Quantitative Experiment Six different USA
(2009) (e.g., changing roles, authority, or communication cases
flow) on decision making team’s performance.
Frye and Wearing Journal Describing the role of bushfire responders’ Qualitative Interview, survey, document Wildfire Australia
(2016) metacognition in adapting to changing conditions. analysis
Gomes et al. Journal Describing sources of resilience and brittleness in a Qualitative Observation, audio-visual Nuclear Brazil
(2014) simulated nuclear incident. recording incident
Harrald (2006) Journal Arguing that both agility (e.g., adaptability, Theoretical
improvisation) and discipline (e.g., command,
control) can be achieved during disaster response.
Hermelin et al. Journal Qualitative Group discussion, survey Five different Sweden

(2019)
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(continued on next page)



C. Son et al.

Table A (continued)

Applied Ergonomics 87 (2020) 103114

Authors (year) Publication Research focus Research Study methods Type of event Study Utrecht
type design studied location
Describing how generic resilience training concepts
are applied to specific contexts of a regional medical
command and control team.
Hollnagel and Book chapter  Describing a state-space model of a resilient system  Theoretical
Sundstrom in escalating events.
(2006)
Hunte (2017) Book chapter  Providing characteristics of resilient behaviors of an ~ Qualitative Case study Sports event Canada
emergency department in response to a large civil
disorder.
Klimek et al. Journal Developing quantitative measures of resilient Quantitative Document analysis Storm Hungary
(2019) organizational behavior using social network
analysis.
Longstaff and Yang ~ Journal Analyzing the relationship between trust and Quantitative Document analysis 82 various USA
(2008) communication in the face of crisis surprise. cases
Lundberg et al. Journal Proposing a model for describing resilience in Qualitative Observation, audio-visual Storm Sweden
(2012) emergency management using disturbance, recording
sensemaking, and control variety.
Lundberg and Journal Identifying types of role improvisation in small Qualitative Interview, group discussion Tsunami, Sweden
Rankin (2014) response teams and their negative effects. warfare
Mendonca (2007) Journal Identifying requirements for designing a computer- Qualitative Interview, group discussion, Terrorism USA
based system that supports improvisation in document analysis
emergency events.
Mendonca (2008) Book chapter ~ Developing and evaluating a set of measures for Qualitative Interview, survey, document Terrorism USA
resilience in critical infrastructure restoration. analysis
Mendong¢a and Hu Book chapter  Investigating the role of event severity on cognitive ~ Quantitative Experiment Maritime The
(2007) and decision processes in an emergency incident Netherlands
management team setting.
Mendonga et al. Journal Analyzing cognitive and behavioral improvisations Quantitative Document analysis Terrorism USA
(2014) in two major terrorism events.
Mendonca et al. Journal Proposing a concept of blackboard-based decision Qualitative Interview, survey, document Maritime The
(2001) support systems for improvisation in emergency analysis incident Netherlands
response.
Mendonca et al. Journal Evaluating the effect of a group decision support Quantitative Experiment Maritime The
(2006) system for improvisational decision making incident Netherlands
behaviors of emergency response teams.
Mendonca and Journal Developing a cognitive model of improvisation in Theoretical
Wallace (2007) emergency management using a theory of jazz
music.
Neville et al. Conference Identifying strengths and weaknesses of commercial ~ Qualitative Document analysis Public health European
(2013) decision support tools for flexible multi-agency events countries
coordination.
Petersen (2015) Conference Comparing and contrasting centralized and Qualitative Observation, interview Wildfire USA
distributed mapmaking approaches toward
collective sensemaking.
Pramanik et al. Journal Investigating whether higher familiarity and Quantitative Experiment, interview Storm Sweden
(2015) expectation of future cooperation increases the
likelihood of working with other organizations.
Rankin et al. Journal Analyzing factors that hamper role adaptation in Qualitative Observation, audio-visual Wildfire USA
(2013a) information and communication flow in a crisis recording, document analysis
management team.
Rankin et al. Book chapter ~ Developing a framework for sharp-end adaptations Qualitative Case study Wildfire USA
(2014) and analyzing a crisis management team’s response
to a reduced team size.
Reuter et al. Journal Examining how inter-organizational collaborationis ~ Qualitative Observation, interview, group ~ Storm Germany
(2014) supported by a mobile geospatial system. discussion
Righi et al. (2016) Conference Identifying sources of resilience and brittlenessina  Qualitative Case study, observation, Railroad Brazil
crisis management exercise in relation to emergency audio-visual recording incident
SOPs.
Robinson et al. Conference Describing issues associated with emergency Qualitative Interview Landslide USA
(2015) information and communication technology and
strategies to overcome them.
Rose et al. (2015) Conference Examining key decision making skills required for Qualitative Interview, survey Terrorism USA
emergency managers to respond to unexpected
incidents.
Roux-Dufort and Journal Examining conditions that hinder resilient behavior Qualitative Case study, interview, Chemical fire France
Vidaillet (2003) in multidisciplinary and divergent team document analysis
environments.
Son et al. (2018) Journal Modeling information management and team Qualitative Observation, audio-visual Storm, USA
decision making based on interaction among team recording terrorism
components.
Stachowski et al. Journal Distinguishing patterns of changing interaction Quantitative Audio-visual recording Nuclear USA
(2009) (number and complexity) between high- and low- incident
performing teams.
Trnka et al. (2016)  Journal Identifying types of situations where role Qualitative Sweden

improvisations are manifested and suggesting how a
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Authors (year) Publication Research focus Research Study methods Type of event Study Utrecht
type design studied location
simulation exercise can be designed to prompt the Observation, interview, group ~ Tsunami,
role improvisations. discussion, audio-visual warfare,
recording, document analysis ~ wildfire
Tveiten et al. Journal Finding out challenges and opportunities for Qualitative Group discussion Chemical spill Norway
(2012) resilient emergency management with respect to
advanced technology and distributed response
organizations.
Vecchiola et al. Journal Providing design principles for resilient disaster Qualitative Case study Wildfire Canada
(2013) information systems and applying them to a public
firefighting organization.
Voshell et al. Conference Assessing challenges in coordination between urban Qualitative Observation, interview, Urban fire USA
(2008) firefighting teams. audio-visual recording
Webb (2004) Journal Classifying role improvisations by the type of Quantitative Interview, document analysis 304 various USA
disasters: natural, technical, or civil incident. cases
Webb and Journal Suggesting characteristics of organizations that Theoretical
Chevreau (2006) impede flexibility in responding to a crisis.
Weick (1993) Journal Proposing potential sources of resilience in a Qualitative Interview, document analysis ~ Wildfire USA
firefighting crew’s response to a wildfire.
Westrum (2006) Book chapter  Suggesting a typology of resilient organizations Theoretical
during emergency events.
Woltjer et al. Conference Investigating how role-playing exercises influence Qualitative Observation, interview, Wildfire, Sweden
(2006) resilient performance of an emergency management audio-visual recording, blackout
team. document analysis
Woods and Branlat ~ Book chapter  Describing basic patterns in the failure of adaptive Qualitative Observation, interview, Urban fire USA
(2011) systems in the context of urban firefighting. document analysis
Wybo et al. (2006)  Conference Understanding the role of observers in an Qualitative Observation Road incident France
emergency simulation in capturing resilient
behaviors of an organization.
Zhuravsky (2018) Book chapter ~ Examining core resilience capabilities in a regional Qualitative Case study Earthquake New Zealand

emergency medical team’s response to an
earthquake disaster.
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