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Editorial on the Research Topic

Emergency, crisis, and risk management: Current perspectives
on the development of joint risk mitigation, preparedness and
response efforts

In the book Ancient Mesopotamia: Portrait of a Dead Civilization, Oppenheim
(1977) describes the old priest-like group, the Asipus, who lived in the Tigris-Euphrates
Valley. In around 3200 B.C,, they were widely known as the first risk analysts. Upon being
approached with a problem, they performed probability and consequence mapping,
and devised a solution based on their alleged contact with the gods. Although religion
and superstition have been closely linked to emergencies and crises throughout history,
most modern societies now follow a more analytical, rational, organized and fact-based
approach to managing emergencies and crises.

There is an assumption that well-organized crisis management and communication
processes reduce vulnerability and help communities cope with hazard-related
situations. The problem is that when a crisis occurs, individuals and public and non-
governmental organizations tend to prefer standardized and well-known approaches. As
a result, they often end up overwhelmed and paralyzed, as they experience difficulties
adjusting sufficiently quickly to new situations (Boin and Bynander, 2015). Sources
disagree as to exactly why this is, but possible reasons include problems related to vast
bureaucracies and decision hierarchies, insufficient knowledge, and failure to prioritize
and develop strategic learning aspects of exercises (Berlin and Carlstrom, 2014). As
a result, many stakeholders struggle to meet societal expectations, develop resilient
frameworks and find more effective joint solutions.
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In this Research Topic, 58 authors have contributed to 12
articles, adding to the development of joint risk mitigation,
preparedness and response efforts.

As we are still battling an ongoing COVID-19 pandemic, the
focus on a different aspect of public health emergencies has been
the most evaluated. As a point of departure, Khorram-Manesh
et al. found that armed conflicts are unavoidable with the
increasing number of public health emergencies combined with
the lack of vital life elements such as water and food. Further,
when conducting a knowledge mapping analysis of public health
emergency management research for 2007-2020, Yang et al.
reported that the research could be divided into three main
periods: exploration, growth, and outbreak. By examining the
studies chronologically, the study also found that the research
has evolved, from examining medical and care aspects related to
significant diseases, to focusing more on the management aspect
as risk assessment and governance, before currently focusing on
the ongoing pandemic.

The COVID-19 pandemic has presented national and
international crisis managers with complex and unique
challenges. Despite past outbreak experiences, the international
community has faced difficulties in joint strategy development
and coordination. Governments have been criticized for sub-
optimal resource allocation, varying communication strategies
and imperfect multiagency collaboration. In their research
on healthcare facility resilience between 2000 and 2020, Li
et al. found that the research had gone through three main
development periods, and that the involved countries and
institutions were scattered. Nakahara et al. also addressed
healthcare resilience by studying the Japanese healthcare
delivery system. Findings showed that, whilst the country’s
healthcare resources are comparable with other high-income
countries, securing beds for patients diagnosed with the
coronavirus has taken time. Reasons identified included slow
resource allocation, inadequate legal frameworks and a lack of
mechanisms for collaboration.

Collaboration is a horizontal and prestige-less effort between
stakeholders to solve a common problem (Berlin and Carlstrom,
2014). However, one of the hallmarks of a crisis is that, compared
to everyday emergencies, it requires an immediate response.
It quickly strains and overwhelms existing resources. There
often arises, therefore, a need to find ways to increase the
efficiency of mass dispensing. A common approach in health
emergencies is to create points of dispensing (PODs), sites where
the government can provide temporary medical services and
medications. Alghanmi et al. found that, although effective, there
was a need to develop different POD techniques and approaches
to meet the demand of groups and populations.

Authorities depend on a compliant public being willing to
follow guidance and collaborate, and such willingness requires
a basic level of social trust. As pointed out by Reiersen et al,
trust can “become a double-edged sword” during a crisis.
Drawing on data from 127 countries, the researchers concluded
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that “the number of COVID-19 deaths decreases with trust
in government and trust in science, while the number of
COVID-19 deaths increases with social trust” (abstract). The
importance of collaboration, more on a national level, was
also addressed by Sommer et al. Their review found that
each EU country within the Meuse-Rhine Euroregion addressed
the pandemic individually, and that cross-sector collaboration
between regional actors was almost non-existent during national
policy formulation and decision making.

As COVID-19 has taught us, a global pandemic is not a
health problem; it also impacts other parts of our societies
and sectors. Therefore, all societies and organizations must
mitigate and prepare for a new or similar event, or, to
put it another way, they need to build a basic level of
resilience. In their contribution, Evenseth et al. explored
the promotion of organizational resilience (OR) through the
achievement of organizational learning. Their systematic review
found that learning was connected to the three OR stages—
anticipation, coping and adaptation—and that effective learning
depended on appropriate management, systematization and
organizational ability. The importance of inner organizational
life during the pandemic was also addressed by Serensen
et al., who examined employees’ perceptions of organizational
crises and their reactions to them in a case study. The results
showed a strong belief in the organization’s overall resilience
level, but a somewhat vague understanding of knowledge,
roles and responsibilities resulted in some signs of informal
communication and insecurity. Although more challenging
in times of crisis than in everyday emergencies, striving to
communicate factual knowledge should always be a priority for
both authorities and individuals. In today’s globalized society,
the role and impact of, for example, social media should never
be underestimated. As stressed by Chao et al,, who in their
research article pointed out how the spreading of rumors on
social media may have a significant impact on societal order
and development, it is of utmost significance for crisis managers
to debunk fake information in order to ensure effective crisis
management processes.

The differences in and importance of knowledge were also
examined by Ochiai et al., who identified significant differences
in knowledge and awareness between different working groups,
which resulted in, for example, differences in work-willingness
and risk-taking. On a darker note, Luo and Qi’s analysis of
data on 1,825 terrorist organizations recorded in the Global
Terrorism Database showed that terrorists were also on a
constant quest for knowledge, and were found to study and learn
from the experiences of pre-existing terrorist organizations.

The papers published on this Research Topic show the
diversity of opinion within the field of crisis management. As
the world in which we live becomes increasingly globalized,
the need for collaborative thinking and competence-sharing
becomes increasingly important, especially when mitigating
and responding to events across organizational, national and
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international borders. We therefore argue the need for a more
unified and collaborative global approach to crisis management.
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Objective: To examine the possibility of estimating the number of civilian casualties in
modern armed conflicts.

Methods: A systematic review was conducted following the Preferred Reporting ltems
for Systematic Reviews and Meta-Analyses guidelines, using PubMed, Scopus, and Web
of Science search engines. The outcome was analyzed using a qualitative inductive
thematic analysis. The scientific evidence of selected article was assessed, using the
Health Evidence Quality Assessment Tool.

Findings: The review of 66 included articles in this study indicates that with an
increasing number of public health emergencies and the lack of vital elements of life
such as water and food, emerging armed conflicts seem to be inevitable. In contrast
to military-led cross-border traditional wars, modern armed conflicts affect internally on
local communities and take civilian lives. Consequently, the measures and tools used
in traditional military-led cross-border wars to adequately tally wounded and dead for
many decades under the mandates of the International Humanitarian Law, is insufficient
for modern warfare. While casualty counting during modern conflicts is deficient due to
organizational, political or strategic reasons, the international organizations responsible
for collecting such data (the International Federation of Red Cross and Red Crescent and
International Institute of Humanitarian Law) face difficulties to access the conflict scene,
resulting in under-reported, unreliable or no-reported data.

Conclusion: There are challenges in estimating and counting the number of civilian
casualties in modern warfare. Although the global need for such data is evident, the
risks and barriers to obtaining such data should be recognized, and the need for new
international involvement in future armed conflicts should be emphasized.

Keywords: armed conflicts, casualties, civilians, estimation, humanitarian law, tool
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Civilian Casualties in Modern Armed Conflicts

INTRODUCTION

The last decades’ increase in globalization has contributed to an
interdependency of the world’s economies, cultures, technology,
and populations through increased cross-border connectedness,
exchange of information, trade, and mutual use of technique
and routines (1, 2). This interdependency has further minimized
perception of hostilities from other states, enhanced diplomatic
agreements, military or economic alliances, resulting in an
increased unwillingness of states to use military force unilaterally
against another state and consequently a decline in the number
of military-led cross-border traditional wars, hereinafter called
Traditional Wars (3, 4).

While some may perceive globalization as an advancement for
human society, which despite a need for continuous adjustment,
promises new opportunities for all, others perceive globalization
as a vehicle of economic and cultural disaster, and the main
cause of the decline in the value of existing territorial interstate
border, cultural and national identity (2, 5). The loss of identity
and sense of belonging to a mutual goal results in the global rise
of nationalism, and other types of reactionary movements, such
as religious, and political, increased polarization in the society,
and fosters extreme views and actions, leading to terrorism and
modern armed conflicts (5-11).

Both traditional wars and modern armed conflicts have
crucial impacts on society and result in material destruction and
human losses. One way to evaluate the destructive outcomes
of a war or an armed conflict is to estimate its impacts on
human life (12-18). Knowing the utilized military means and
strategies and their anatomical and physiological impacts on the
human body along with registered data regarding the number
and type of injuries from previous wars, the outcomes of a
traditional war, in terms of mortality, morbidity, and the number
of casualties has long been predictable, recorded, and debated
(14-17). The information provides a reasonable ground for
mental and practical preparedness before a war. This readiness
has enabled estimation of needed resources for immediate
assessment, treatment, and transport of victims, and has resulted
in the development of military medicine, pre-hospital care, and
mass casualty (injured and or killed) management (12, 13).

In contrast to traditional wars, modern armed conflicts
involve networks of state and non-state actors with various
means of military and militia influences and strategies. Such
a combination creates difficulties in predicting the means
and strategies associated with an armed conflict (9, 10, 12,
19). In addition, warfare in the 21st century constitutes
multi-domain operations, asymmetry, and a hybrid approach
(19-25). In hybrid warfare, the target of warfighting is not
limited to the military staff and includes even civilians by
creating political instability, conventional assaulting methods,
riots, disinformation, influencing social media, and electoral
outcomes (19, 21). Consequently, hybrid warfare may result in
a larger number of civilian casualties not included in earlier
estimation tools for traditional wars. The inability to estimate
the casualty rate (16, 17) influences the calculation of needed
resources, which creates a troublesome situation for the affected
state and international help organizations. Particularly, the

national healthcare contingencies organizations are dependent
on predictions of medical support and resources needed to treat
casualties (9, 10, 13, 26). Currently, casualty calculation relies
mainly on registered and recorded data from earlier conflicts.
While such data exist for traditional wars (14), it is missing
in modern conflicts, reflecting the conflicting information
regarding deaths and injuries from unreliable sources and
conflicting estimations methods in modern conflicts (15-18).

With an increasing number of public health emergencies and
the lack of vital elements of life such as water and food, emerging
armed conflicts seem to be inevitable (26). This review aims to
highlight the differences between traditional wars and modern
conflicts, examine existing casualty estimation tools and evaluate
the possibility of foreseeing the medical impacts of 21st-century
warfare on the civilian population concerning the number of
casualties, mortality, and morbidity.

METHODS

Study Design, Searching Engines, and
Searching Keywords

This systematic review was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (27). According to PRISMA, the searching
process yields an accumulated number of articles in the first
step. In the next step, duplicates and non-relevant articles are
removed. The abstracts of the remaining studies are studied to
assure eligibility and relevance. A qualitative thematic analysis of
the included literature based on an inductive approach is applied.
This content analysis aims to study all included articles, focusing
on similarities and differences in the findings to present the
tentative results (28). Finally, each eligible article is thoroughly
reviewed and the data, including the year of publication, author’s
name(s), the title of the study, and its scope are registered.
The scientific evidence of each selected article is assessed, using
the Health Evidence Quality Assessment Tool (Appendix 1), as
Strong, Medium, or Weak (29). The initially designed electronic
search model used PubMed, Scopus, and Web of Science to create
a list of available literature in English, using the following search
string: Armed conflict; Casualty estimation; Hybrid warfare;
Mass casualties; Morbidity; Mortality; Traditional war; alone or
in combination. The search was limited to literature in English
and Russian language. The Swedish Defense University provided
the latter.

Inclusion and Exclusion Criteria
Inclusions criteria: Original publications and reviews dated
January 2000 to July 2021.
Exclusions criteria: Proceedings, editorials, news, abstracts,
and non-relevant papers.

Ethical Approval

This study complied with the ethical principles stipulated by
Swedish law. In Sweden, ethical approval is mandatory if the
research includes sensitive data on the participants such as race,
ethnic heritage, political views, religion, sexual habits, and health
or physical interventions, or uses a method that aims to affect the
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person physically or psychologically. This study did not involve
any human material or data regarding individuals and was based
on available published data in scientific sources.

RESULTS

Initially, using “Armed Conflict” as the keyword, 136,476
publications were identified through the search engines. The
number of hits was reduced to 2,501 by adding “Casualty
Estimation,” and to 152, when all keywords were included.
All included studies were reviewed. Special attention was paid
to references within each eligible study that did not exist
in the primary list to cover missed papers. The final list of
publications was studied thoroughly and later included in the
review (Figure 1). Summary of each paper, along with article
information was transferred to a Microsoft Excel File and are
presented in Appendix 2. Qualitative assessment of the included
articles and content analysis allowed distinct categorization of the
outcomes in diverse subgroups (see below). Articles categorized
in each section were reviewed and relevant data were extracted.

The Change of Paradigm in Warfare
There has been a change in warfare from military-led cross-
border traditional wars (Traditional Wars), to those focused on
local communities, and civilians (12, 19, 30). During Napoleon’s
wars, as well as other traditional wars, soldiers were the
primary target and constituted the main group of casualties.
Local civilians were warned, allowing them to flee their homes
and hide to protect themselves from deaths and injuries (12).
However, with advances in the arms industry, and changes
in warfare strategies and ideologies over the last decades, the
battlefields have moved into civilian’s backyards, making them
more vulnerable to and involved in wars (9). Consequently,
there has been an increase in civilian fatalities from 5% at the
turn of the 19th century to 15% during World War I (WW
I), 65% by the end of World War II (WW 1II), and to more
than 90% in the wars during 1990, affecting more children
than soldiers (12). During this period, there has also been a
continuous blunder for the International Humanitarian Law
(IHL) and Geneva Convention (GC) in favor of tactical and
strategical harvesting, religious and political hatreds, the collapse
of State structures, mastering the scarcity of natural resources,
the vast availability of weapons, increased acts of terrorism and
the spread of asymmetric conflicts (12, 31). Table 1 presents
the available minimum reported number of totals, military,
and civilian deaths in some major wars and armed conflicts
(1950-2019), demonstrating the changing paradigm of warfare
from the traditional wars to locally-focused armed conflicts (32—
35). The civilian death ratio obtained by dividing civilian deaths
by the total number of deaths aims to compare the outcome of
the various war and to indicate a possible trend.

Besides the paradigm change, the available data demonstrates
a variation in the rate of civilian deaths. Shorter and probably
more intensive wars seem to be associated with a higher number
of civilian deaths, while recent long-term conflicts show a lower
rate of civilian deaths, a decline in the number of military deaths,
as well as, a decrease in the number of foreign military service

members participating in different conflicts. The latter might be
indicative of an increasing number of proxy wars (16, 17).

The Reliability of Data Regarding Deaths

and Injuries

Reporting the correct number of deaths and casualties is
required for the selection of necessary measures to avoid human
catastrophe. In agreement with other published data, Tables 1,
2 show the varying estimate for death tolls presented in this
review (36, 37). Although some variations, the casualty reports
concerning terror attacks, presented in Table 2, seem to be more
reliable than the one from modern armed conflicts (Table 2).
These differences may indicate the diversified information
obtained in each conflict due to differences in analyzing methods,
or other reasons such as:

First, the traditional wars symbolize an armed disagreement
between two or several countries, normally following the
International Humanitarian Law (IHL) (12, 38). IHL is a set of
rules, which seek humanitarian reasons, to limit the suffering,
losses, and other effects of armed conflict by restricting the means
and methods of warfare to protect individuals who are not or
are no longer participating in the hostilities (30). According to
IHL, “A State” has the responsibility for all attributable violations
of THL committed by its organs (including its armed forces),
and persons or entities it empowered to exercise elements of
governmental authority. It is also responsible for the deeds of
those acting in fact on its instructions, or under its direction or
control, and by private persons or groups, which it acknowledges
and adopts as its conduct (30, 38, 39). In contrast to traditional
wars, there is constant negligence of IHL and GC implementation
in modern armed conflict. It is simply much more important to
achieve the tactical and strategical goal in a conflict than saving
civilian lives (12, 30).

Moreover, three international bodies are mainly involved in
the development and implementation of IHL. The International
Federation of Red Cross and Red Crescent Movement (IFRC),
and the International Institute of Humanitarian Law (IIHL).
The former is one of the three components of the International
Movement, which besides IFRC, also consists of the International
Committee of the Red Cross (ICRC), and Red Cross Red
Crescent National Societies. ICRC is an operational institution
that protects victims of conflicts within a country as well
as across boundaries, while IFRC is the largest humanitarian
organization. The IFRC coordinates between National Red Cross
and Red Crescent Societies globally and along with ICRC
supports the foundation of new National Societies in countries
where no official society exists. A National Society becomes
a member to the IFRC only after the ICRC recognizes it.
These organizations work in close collaboration with other
international organizations dedicated to the humanitarian
cause, such as the United Nations High Commissioner for
Refugees (UNHCR), and have operational relations with the
European Union (EU), North Atlantic Treaty Organization
(NATO), and others (38-40). According to IHL, ICRC have
the mandates to gain insights into an ongoing conflict, and
as an impartial, neutral, and independent organization protect
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the lives and dignity of victims of war and internal violence.
They assist the affected population, direct and coordinate the
international relief activities, promote the importance of IHL,
and draws attention to universal humanitarian principles (40,
41). Additionally, they also have mandates to visit prisons,
organize relief operations, reunite separated families, meet the
needs of internally displaced persons, raise public awareness
of the dangers of mines and explosive remnants of war,
and trace people who have gone missing during conflicts
(40). All these tasks give ICRC a possibility to track war
activities and to present a real picture of the war in terms
of the numbers of casualties and deaths. In contrast to
traditional wars, modern armed conflicts involve networks of

state and non-state actors with various means of military and
militia influences and strategies. Such a combination creates
difficulties in the implementation, control, and evaluation of
IHLs “A State” responsibility principle and does not allow
international organizations to get an insight into an armed
conflict (9, 10, 12, 30).

Furthermore, casualty recording is a systematic and
continuous process of documenting individual direct deaths
from armed conflict or widespread violence (42), which is
normally conducted by public services normally involved
in recording deaths, such as hospitals, coroners, and police
forces, within determined scope, usually bound by time and
location. While the internal structure of states can be intact
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TABLE 1 | The outcome of wars/conflicts in terms of mortality.

Maijor Military Conflicts

Conflict Period Total deaths Military deaths Main foreign army Civilian deaths Civilian death rate
Korean War 1950-1953 2,238,172 579,736 33,686 1,658,436 74%
Vietnam War 1965-1974 1,353,000 726,000 58,200 627,000 46%
Persian Gulf War 1990-1991 162,341-232,541 20,341-26,541 341 142,000-206,000 87%—88%
Balkan War 1991-2001 130,000-140,000 - - 72,716 52%—56%
2nd intifada 2000-2007 5,848 2000 - 3000 51%
Afghanistan 2001-2019 157,052 113,481 2,298 43,571 28%
Pakistan 2001-2019 66,063 41,956 0 24,107 36%
Iraq 2003-2019 276,363-308,212 91,626-100,701 4,572 184,737-207,511 66%—67%
Syria/ISIS 2014-2019 179,424 129,572 7 49,852 28%
Yemen 2002-2019 90,072 78,003 1 12,069 13%
Ukrainian 2014-2019 13,117-13,496 9,750-10,129 500 3,367 25-26%

Conflicts with unreliable or missing civilian death numbers are not included, e.g., Yom Kippur, Chechnya, and Iran-Iraq war. (- = Not available).

TABLE 2 | The outcome of some major terror attacks in terms of mortality and morbidity.

Maijor Terror Attacks

Attack Year Number of deaths Number of injured Ratio deaths/Total casualty Means of terror
Oklahoma City 1995 167 759 18% Explosion
New York 2001 2,996 6,000 49% Explosion
Madrid 2004 191 2,000 9% Explosions
London 2005 56 775 7% Explosions
Boston 2013 3 281 1% Explosions
Paris 2015 129 300 30% Explosions
Brussels 2016 35 300 10% Suicide Bombing
Las Vegas 2017 58 600 8% Gunshot

Sri Lanka 2019 279 593 32% Suicide Bombing
Christchurch 2019 51 49 51% Gunshot

in a majority of traditional wars (may not apply to invaded
nations), these entities are no longer functioning effectively in
many armed conflicts. In contrast to traditional wars, modern
armed conflicts target the local structures, organizations, and
public services and aim at destabilizing the authorities and
societal networks (13, 30, 31, 41, 43-45). Warfare in the 21st
century constitutes multi-domain operations, asymmetry,
and a hybrid approach (19-22). In hybrid warfare, the
target of warfighting is not limited to the military staff and
includes even civilians and the social structure of a nation by
creating political instability, conventional assaulting methods,
riots, disinformation, influencing social media, and electoral
outcomes. Consequently, hybrid warfare leads to a society
in chaos with no functional entities. In such a society, the
ordinary sources of reporting do not exist and the reliability of
information and information sources are questionable. Thus,
influencing the calculation of needed resources and creating a
troublesome situation for the affected state and international
help organizations. Particularly, the healthcare system, which

fails to predict the medical support and resources needed to treat
casualties (9, 10, 23-25, 30).

Finally, there might be political reasons why state authorities
do not publish or share information on conflict-related deaths
or might create a different definition for a civilian casualty.
Several nations in conflicts are governed by autocratic regimes,
which have failed to adopt investments in public health
infrastructure, education, and prevention measures to keep pace
with population growth and density (41, 46). These nations have
leaders that do not understand the impact and consequences
of war and armed conflicts, as well as, other disasters and
emergencies on their population. They directly influence health
security, and structure and create situations with adverse political
and economic outcomes that only complicate the crisis further
(41). Consequently, in the absence of official recording processes,
casualty recording is frequently conducted by civil society
organizations, or some internationally mandated entities, such as
United Nations peacekeeping missions (42, 47, 48). While these
organizations might be widely present in traditional wars, their
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presence in modern armed conflicts is limited or non-existing,
resulting in conflicted and unreliable reports from other sources.

CURRENT CASUALTY AND DEATHS
STATISTIC

Interstate Wars

Compared to WW II (Table 1), the number of civilian deaths and
injuries caused by rockets and bombs decreased in Korean War,
while the mortality caused by grenades, land mines, and other
fragmentary explosions increased in both civilian and military
populations (34, 35, 49, 50). Consequently, the civilian death rate
in Vietnam decreased to 46% compared to that of 74% in the
Korean War (51). The former lasted 3 years, and the latter is
around 10 years. During the first Persian Gulf War, the civilian
death rate increased to 87-88% with a variation in the number of
civilian deaths and an undefined number of injuries (43, 52, 53).
The multiple ethnical wars in Former Yugoslavia (1991-2001),
on the other hand, lasted almost 10 years and resulted in lower
civilian death rates of 52-56% (54-56). Estimates of civilian
casualties from the Israeli-Palestinian conflict differs both in
numbers and sources, however, the United Nations Office for
the Coordination of Humanitarian Affairs (OCHA) reported a
civilian death rate of 51% from the beginning of the second
intifada in September 2000 until the end of July 2007 (47).

The still ongoing conflicts in Afghanistan, Syria, Pakistan,
Iraq, and Yemen represent armed conflicts, which engage
several countries, militant groups, and strategies. There are
contradictory reports of civilian death rates from these conflicts
ranging from 28% in Afghanistan, 36% in Pakistan, 67% in Iraq,
28% in Syria, and 13% in Yemen (34, 57-59). Although the
civilian casualty ratio for drone strikes is notoriously difficult to
quantify, the U.S. estimates a very low number of civilians killed
from its drone strikes in Pakistan. A recent study found non-
militant casualty rates starting high but declining steeply over
time, from about 60% (3 out of 5) in 2004-2007 to < 2% (1 out of
50) in 2012. The study puts the overall non-militant casualty rate
since 2004 at 15-16% (59).

A few reports are available from Russian’s involvement in
foreign missions. The estimated number of deaths and injuries
during Russian foreign missions are around 17,453 deaths and
471,406 injuries from 1946 to 1989. The total numbers reported
for 1901-1999, including world wars are 12,132,668 deaths
and 35,669,180 injuries. Only during 1939-1945, were 3,392
deaths and 8,738 injuries per day reported. Although high, the
reported figures for WWI (1914-1918), and the Russian civil war
(1918-1922) are slightly lower. It is not clear how many of these
were military service members and how many civilians (60, 61).
The Chechen Wars resulted in a large number of civilian deaths.
According to Russian sources, the number of deaths and injuries
in the first Chechen war was 3,927, and 17,892, respectively. The
number of injured in the second Chechen war is missing but
3,669 were dead. There is no information about civilian deaths
and injuries (61-63).

The recent Ukrainian armed conflict, which started in March
2014, and in the aftermath of the 2014 Ukrainian revolution, has

engaged Russia-backed anti-government separatist groups and
Ukrainian Army, National Guard, and voluntary organizations.
The conflict has all ingredients of a proxy and hybrid war, in
which different parts claim superiority over the others with high
impacts on civilian life. The United Nations (UN) reports over
13,000 deaths from April 2014 to February 2020. The number of
civilian’s deaths reported is 3,367 from April 2014 to July 2020
(civilian death rate = 26%). The reported number of military and
voluntary forces deaths are conflicting (64-67).

Finally, the recent Nagorno-Karabakh conflict between ethnic
Armenian and Azerbaijani armies has resulted in many casualties
and deaths with both sides downplaying the number of their
casualties and exaggerating the numbers of enemy casualties and
injuries (68).

Terror and Internal Conflicts—a Part of
Future Hybrid Warfare

The data demonstrated in Table 2 concerning some recent terror
attacks, indicates the new wave of internal conflicts and terror.
The target of these attacks is the local communities and civilians.
The intensity and severity of attacks are diverse and the number
of deaths and injured diversified. The majority of cases represent
political and religious motives. Explosives and suicide bombings
have been the main means of terror. Almost all injured and deaths
are civilians, with a variation of death numbers from 3 to as much
as 2,996, and injured from 49 to 6,000, and a ratio of deaths/total
casualty of 8 to 51% (69-77). One important denominator
of these attacks is the chaos and overwhelming pressure they
created for emergency services, particularly healthcare. The
number of deaths is not an immediate concern, however, a
high number of injuries require both a multiagency approach
and availability of healthcare in several hospitals and healthcare
facilities, along with a local preparedness at the community level
for both adult and pediatric conditions and military-like injuries.

Calculating Civilian Casualty in Modern

Armed Conflicts

In this review, the rate of civilian mortality varies from 13 to 87%.
Previous studies have reported a civilian casualty rate of 65 to
70% of the total casualties in a war (13, 32-35, 49). The number
of deaths and injuries in the future modern armed conflicts
can only be assessed hypothetically since each conflict has its
characteristics. However, as shown in this study, the number of
civilian casualties will still be high and might be comparable with
that of wars in the former Yugoslavia, and Syrian (54-56). The
figures from the domestic conflicts do not influence the total
number of civilian casualties and deaths markedly. However,
its significance lies in the fact that multi-level confrontations
and assaults result in resource scarcity, particularly within the
healthcare systems, over a longer period, causing a rise in the
number of deaths, and a need for serious medical decision-
making (5, 9, 13, 44, 78-82).

Assuming that the number of deaths is a technical problem,
the overwhelming number of injuries will be the cause of the
collapse in all systems (11, 19, 83). The 90% increase in the
global urban population in developing countries over the next
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two decades increases these nations vulnerability to political
and social unrest, violent crimes, terrorism, disasters, and armed
conflicts (81, 84). However, previous estimation algorithms, such
as the one introduced by Kuhn used for traditional wars (14),
fail to estimate the casualty and mortality numbers of future
armed conflicts.

DISCUSSION

The aims of this review were to highlight the differences
between traditional wars and modern conflicts, investigate
existing casualty estimation tools and evaluate the possibility
of foreseeing the medical impacts of 21st-century warfare on
the civilian population concerning the number of casualties,
mortality, and morbidity. Although this study fails to find a
simple algorithm to estimate civilian casualties, it outlines a
change in warfare paradigm from traditional wars to modern,
locally-focused conflicts (11, 18, 19). Furthermore, it recognizes
the involvement of a larger portion of civilians in modern
conflicts and consequently a large number of casualties that
the ordinary healthcare system may not be able to manage,
with or without a reliable and modern casualty estimation tool
(15-17). Finally, it also highlights the continuous negligence of
the International Humanitarian Law and Geneva Conventions
in the recent conflicts, which not only prevent the mandated
international organization to surveil the modern conflicts but
also threatens the democracy and well-being of a world exposed
to continuous change and emerging hazards (12, 26, 41).

Although, efficient and appropriate estimation of the
number of deaths and wounded is a necessary part of
mass casualty management, it remains challenging in both
civilian and military settings due to several decisive factors
(12, 15-17, 34, 35, 49, 57, 84, 85):

a) The maximum capacity of each system: There is always a
limit on how expandable a system is due to financing and
available resources?

b) The shape and condition of the infrastructure: There is always
a limit on how many facilities can be used and if the transport
routes to these facilities are intact?

c) The grade of preparedness (resilience and resources): Are
all entities, including communities, prepared, and is the
collaborative element of preparedness exercised and trained?

d) The etiology and cause of mass casualty including the
weaponry used: Chemical, Biological, Radiological, Nuclear, or
Explosives. Terrorism or interstate invasion?

e) Theincidents (combat) size and intensity: Large or small area,
long- or short-term?

f) The demography and density of the population involved.
Populations background concerning aggressors. High- or low-
populated areas?

The slow transition of traditional wars with mainly military
engagement to very different modern conflicts, engaging civilians
has not only brought about a change in warfare paradigm but
also an increase in the number of civilian casualties (11, 12, 19,
34, 35, 49, 78-80, 85). The current state of globalization and

the technological advancement within the arms industry enable
nations to avoid interstate conflict and direct involvement, using
proxy fighters and escaping state’s responsibility in following
the International Humanitarian Law and Geneva Convention
(24, 25, 30, 85, 86).

The collection of data under the IHL mandates by ICRC,
among others, facilitated the necessary information to limit and
guide the use of weaponry and to protect civilians, and assist
both sides of the war. While the use of the casualty estimation
tools in traditional wars enabled the tally and management of
the casualties, it did not include the count of civilians since the
rules of wars were different (12, 30, 40, 44). The use of new
technology and the development in the weapon industry and
safety items such as body armor has resulted in a decline in the
number of casualties caused by direct fire and small arms injuries.
Furthermore, the development of trauma care and evacuation
option has also resulted in fewer injuries and deaths on the
military side (34, 35, 79-81, 87-91). Nevertheless, these successes
have also resulted in the development of isolated, local, and
urban conflicts, high rates of explosions, and close encounters,
influencing the civilian population.

New military strategies, remote warfare, and the use of drones,
proxy fighters, and hybrid warfare, present the face of modern
and unconventional warfare, which not only threatens and takes
civilian lives, but also raises new ethical and moral concerns
when violating IHL and GC (12, 30, 81, 82). Additionally,
modern conflicts generate millions of displaced persons, which
overwhelms the capacity of healthcare and involved relief
organizations (26, 64-66, 80-95). Such development increases
the vulnerability of protective authorities, consumes legal and
healthcare systems, paralyzes the national government and finally
may dissolve national unity (9, 25, 30, 45). These are all factors
that enhance the violation of human right and equality with
no punishment. These scenarios endanger the mandated work
of international organizations to supervise and regulate the
rules of the war. It also disables the possibility of receiving
correct information and enhance the possibility of belligerents
and terrorist to hamper a democracy. This is certainly a global
and unique problem for organizations such as ICRC, which
have the responsibility to gather data and collect the necessary
information to save civilian lives under IHL, and calls for actions
targeting countries or warring factions that do not recognize the
rules of war.

In this review, the rate of civilian casualties varied from 13
to 87% of the total casualties, depending on the type of conflict
and might be concordant to that reported from earlier reports
regarding wars in the literature (65-70%) (34, 35, 49-51). It is,
however, clear that even 13% of the population involved in a
little conflict, such as the one in Ukraine or Nagorno-Karabach,
can result in over thousands injured, which alone can paralyze
any local healthcare system. Together with the injuries from
internal violence, riots, and assaults, the accumulated population
in need of emergency help can overtime be comparable to the
wars in the former Yugoslavia, and Syrian (47, 54-56, 58).
The number of deaths, according to the same estimation, may
vary up to 30% of the injured (32-35, 49). The figures from
the domestic conflicts do not influence the total number of
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civilian casualties and deaths markedly. However, its significance
lies in the fact that multi-level confrontations and assaults
result in resource scarcity, particularly within the healthcare
systems, over a longer period, causing a rise in the number
of deaths, and a need for serious medical decision-making
(9-11, 18, 33, 34, 45, 96-98). Assuming that the number
of deaths is a technical problem, the overwhelming number
of injuries will be the cause of the collapse in all systems,
requiring multiagency collaboration and a flexible surge capacity
(96-98). The 90% increase in the global urban population
in developing countries over the next two decades increases
these nations’ vulnerability to political and social unrest,
violent crimes, terrorism, disasters, and armed conflicts (9,
10, 84). Medical planning for modern armed conflicts in the
future should include an estimation of casualties in urban
areas caused by domestic assaults, the use of drones, and
terror attacks.

LIMITATIONS

The presented analysis has limitations.

- The majority of publications used in this review are in English,
except a few translated Russian references. Consequently,
some interesting data in other languages might be missing.

- Appropriate estimation of the casualties relies on complete
data. There has been missing data regarding: The number of
injuries and deaths among civilians and military staff, and
some of the estimations were not reliable to use. Some major
wars, such as the war between Iran and Iraq, were not included
due to the lack of final data from the Iraqi side.

- There is alack of standard definition of civilian casualty caused
by armed conflicts.
Additionally, there was neither complete information about
casualties of air raids, nor the use of CBRN (Chemical,
Biological, Radiological, Nuclear). Conflicts may also lead
to the displacement of large populations into temporary
settlements or camps with overcrowding and rudimentary
shelters, inadequate safe water and sanitation, and increased
exposure to disease vectors during the acute phase of
the emergency. Thus, no available casualty figures for
such incidents.

- In protracted and post-conflict situations, populations may
have high rates of illness and mortality due to breakdown
of health systems, flight of trained staff, failure of existing
disease control programs, and destroyed infrastructure. These
populations may be more vulnerable to infection and disease

CONCLUSION

With an increasing number of public health emergencies and the
lack of vital elements of life such as water and food, emerging
armed conflicts seem to be inevitable (20, 87). This creates a
unique and crucial situation in need of resource assessment and
planning, which in turn requires a detailed study on the cause
and impacts of the modern armed conflicts and clear access to
the fields for supervision of the outcomes, casualty recording,
and rules of the war (30, 45, 101, 102). The undeniable failure of
international bodies to commit to humanitarian principles and
the global disarray of the humanitarian system indicates the need
for extensive reform in the current structure or a new global
humanitarian body. Such afresh organization needs to employ a
decentralized model to manage aid funds, assume coordination
of international responses, resolve civil-military coordination,
cater for people affected by both conflict and disasters, and
professionalize the humanitarian career (101-103). Meanwhile,
using the data presented in this study, even the lowest number of
casualties inflicted by the modern armed conflicts may be enough
to paralyze any healthcare system and indicates a need for new
measures beyond a simple casualty estimation tool. Enhancing
multiagency collaboration, empowering local preparedness and
resilience capacity, and creating a flexible surge capacity might
be new approaches, which together with a new international
governing structure can achieve a better future for the next
generation (30, 96-98).

This review aimed to discuss and examine the outcomes
of traditional wars and modern armed conflicts and the
possibility of foreseeing the medical impacts of 21st-
century warfare on the civilian population concerning the
number of casualties, mortality, and morbidity. Although
it fails to present a simple casualty estimation algorithm,
it highlighted the need for international engagement and
each state’s responsibility in following the rules of war.
However, the most important factor remains to be the
increased understanding of the nature of modern warfare
and to plan for a scenario, when the needs exceed available
resources, and decisive triage and adjusted resource utilization
are mandatory.

RECOMMENDATIONS

1. The management of modern armed conflicts needs resources
beyond casualty estimation tools. Multiagency collaboration,
risk and vulnerability analysis and a high level of preparedness
may improve the response in all phases of wars/conflicts.

because of high levels of undernutrition or malnutrition, low 2. Strengthening the international engagement, the role
vaccine coverage, or long-term stress. of humanitarian organizations, and the gravity of the
- Finally, more and more defense policies identify the cyber (or International Humanitarian Law and Geneva Convention
information) domain and the human domain as to be included plays a crucial role in future conflicts. A new or a re-organized
in multi-domain warfare (99, 100). Since warfare in cyber and international governing agency is needed to hold all nations
human domains involve substantial pillars of civilian society, responsible for their actions by issuing, implementing, and
civilian contingencies planning requires casualty estimation supervising new restrictive approaches and international legal
in these warfare. Currently, the civilian and military casualty standards to production, and utilization of new weapons, and
rates from cyber and human domain warfare is unavailable strategies. Furthermore, new strategies should be developed
and could not be included in this review. to combat new trends, such as the process of delegating the
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performance of traditional state functions by states in favor of
private military and security companies.

Empowering the local preparedness, risk reduction and
resilience facilitates a proper response at the local level before
additional resources can be obtained. Such readiness requires a
functional public health and public service and an investment
in education of local population. The cost will be far less than
what the conflicts in general and modern armed conflict, in
particular, may generate.
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In contemporary “high-risk” society, unexpected disasters (epidemics and extreme
weather) and chronic pressures (aging problems) put tremendous pressure on healthcare
facilities. Enhancing the healthcare facilities’ resilience ability to resist, absorb, and
respond to disaster disruptions is urgent. This study presents a scientometric review for
healthcare facility resilience research. A total of 374 relevant articles published between
2000 and 2020, collected from Web of Science (WoS) core collection database, Scopus
database and MEDLINE database were reviewed and analyzed. The results indicated that
research on resilience in healthcare facilities went through three development periods,
and the research involved countries or institutions that are relatively scattered. The studies
have been focused on the subject categories of engineering, public, environmental, and
occupational health. The keywords of “resilience,” “hospital,” “disaster,” “healthcare,”
and “healthcare facility” had the most frequency. Furthermore, based on the literature
co-citation networks and content analysis, the detected seven co-citation clusters were
grouped into four knowledge domains: climate change impact, strengthening resilience
in response to war and epidemic, resilience assessment of healthcare facility, and the
applications of information system. Moreover, the timeline view of literature reflected
the evolution of each domain. Finally, a knowledge map for resilience of healthcare
facilities was put forward, in which critical research contents, current knowledge gaps,
and future research work were discussed. This contribution will promote researchers and
practitioners to detect the hot topics, fill the knowledge gaps, and extend the body of
research on resilience of healthcare facilities.

Keywords: healthcare facility, hospitals, resilience, bibliometrics, delivery of health care, knowledge map,
epidemics, disasters

INTRODUCTION

In a modern “high-risk” society, the aging population is increasing at an astonishing rate, alongside
many disasters that frequently occur, such as earthquakes, floods, hurricanes, and epidemics (1, 2).
During disasters, healthcare facilities are critical emergency response resources because they are
central to providing timely and good quality healthcare services for the injuries (3, 4). With a
broader view, the healthcare facilities are regarded as an elaborate network of buildings, services
and relevant public and private sectors for providing and delivering healthcare service for the
general public (5), including the national/regional healthcare systems and the single healthcare
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facilities (e.g., hospitals, clinics and community care centers) (3).
A single healthcare facility is composed of a set of interdependent
components, such as medical staff, medical resources, medical
equipment, physical building structures and equipment systems
[e.g., “heating, ventilation, and air conditioning (HVAC) system,”
elevators, and power systems] (6). The increasing healthcare
demand and disaster events threaten healthcare facilities’
functionality (7-11). In such a situation, healthcare facilities are
expected to maintain or even increase their capacity to provide
continuous healthcare service even if they are directly affected by
disasters. Recently, the concept of “healthcare facility resilience”
(HFR) has been highlighted in the disaster management lexicon.
It’s the ability to prepare for, manage (absorb and adapt) and learn
from shocks (12). This concept provides a new thinking paradigm
for facilitating the healthcare facilities’ sustainable operation in
the face of disaster disruptions.

Over the past decade, several articles have reviewed HFR-
related research. Several scholars have discussed some of the
hazards or disturbances that healthcare facilities may face.
For example, from a management perspective, Hugelius et al.
pointed out that the healthcare facility may suffer, such as
the lack of information and resources to deal with mass
casualties (13). In 2017, Curtis et al. focused on the impact of
extreme weather, such as heat waves, cold waves, and floods, on
healthcare facilities and health services in the UK (14). Some
other scholars reviewed existing literature and discussed models
that could be used to measure HFR. These models may be
comprehensive scoring framework models for evaluating some
key capabilities of hospitals (15). Conceptual models may also
be used to display resilience, such as state-space, stress-strain
curve, temporal dynamic, stretched systems, and variety-space
(16). Some scholars have been concerned about the response
of healthcare facilities to disturbances. For instance, Kost et al.
discussed combining “geospatial point-of-care testing” to address
public health challenges (17). The needs of the patient are often
an essential consideration when responding (16). Recently, more
scholars have focused on HFR, especially in the case of the
COVID-19 crisis. Haldane et al. reviewed national primary care
guidelines for responding to COVID-19 and discussed how they
support the operation of healthcare facilities (18).

Although a few articles have reviewed HFR-related studies,
most are limited to specific research content. For example,
some of these articles focus on evaluating HFR (19), and some
are limited to the influence of specific factors on HFR (20).
Most of the literature relies on subjective judgment rather
than quantitative methods to identify the research topic (14,
19, 21, 22). Therefore, conducting a comprehensive review
of HFR-related literature using a quantitative and objective
method is necessary. The scientometric analysis is a quantitative
method, referred to as knowledge domain visualization and
mapping, which provides a holistic view of a particular domain
through analyzing published articles (23). Combined with
thematic analysis, this study aims to use this technique to
review and visualize HFR research systematically from 2000 to
2020. The analysis of countries, institutions, published years,
keywords, and subject categories can help understand the overall
research status. Combined analysis of citing articles (the selected

articles) and cited articles (the references of citing articles) can
help identify research hotspots and research frontiers. Citation
analysis visualization technology displays the research status and
evolution of the knowledge domain on the network map. Finally,
a knowledge map of HER that reveals the critical research parts,
knowledge gaps, future directions was proposed.

METHODOLOGY

The research framework of this study is shown in Figure 1, which
is divided into three steps.

The first step aims to collect enough relevant articles related
to HER research. As one of the most authoritative publication
databases, Web of Science (WoS) core collection database,
Scopus database and MEDLINE database were selected as the
sources for scientometric analysis (24, 25). The searching formula
were used to determine more appropriate articles, according to
article types and criteria. Following that, the abstracts of the
retrieved articles were thoroughly read, and the literatures were
screened according to certain criteria.

As the size and scope of HFR studies have expanded,
conducting manual scientometric analyses is almost impossible.
As a convenient scientometric and visual analytic tool, CiteSpace
software able to review the classic research theme and
discover potential trends (26, 27). Thus, in the second step
of this study, CiteSpace software 5.8.R1 is used to conduct
scientometric analysis, including literature distribution analysis,
co-occurrence analysis, and co-citation analysis. Critically, the
research hotspot and research trend are discussed in each
identified knowledge domain.

The final step is to develop the knowledge map of HFR studies,
in which the critical research content and knowledge gaps will
be discussed.

DATA COLLECTION

Detailed literature retrieval rules and exclusion strategies are
as follows.

Literature Retrieval

The databases searched in WoS include WoS core collection
databases (including Science Citation Index Expanded, Social
Sciences Citation Index, Arts and Humanities Citation Index and
Emerging Sources Citation Index) and MEDLINE database. After
pre-analysis and comparison, the determined search schema
for searching the WoS core collection database and MEDLINE
database was as follows: TS = (resilien®) AND TS = (hospital*
OR medical OR health* OR care) AND TS = (facility OR facilities
OR asset™ OR “built environment” OR “building portfolio” OR
lifeline OR equipment OR device*). “TS” means the topic of
an article, and “*” refers to a fuzzy search. In addition, the
determined search schema for searching the Scopus database
was as follows: TITLE-ABS-KEY (resilien*) AND TITLE-ABS-
KEY (hospital* OR medical OR health* OR care) AND TITLE-
ABS-KEY (facility OR facilities OR asset* OR lifeline OR
“built environment” OR “building portfolio” OR equipment OR
device™). Literature published before 2020 (including 2020) was
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FIGURE 1 | Research framework.

searched from these three databases. The language is limited
to English, and the type is confined to article. After data
deduplication, 2,695 articles were obtained.

Exclusion Criteria

The retrieved results need to be reviewed to ensure that the
selected articles meet the requirements for further analysis
(28, 29). By reading the abstract, unrelated literature was
excluded from detailed review and analysis according to the
following criteria:

(1) Journals that have not been peer-reviewed will be excluded.

(2) Articles lacking references, authors, and the full text will
be excluded.

(3) Repeated articles published in different journals with the
same authorship will be excluded (only the oldest ones
are retained).

(4) The articles focused on resilience but not the healthcare
facility. These articles target psychological resilience
(30), supply chain resilience (31), and the resilience of
ecosystem (20).

(5) The terms in the search schema are used in different settings
or had other irrelevant meanings. For example, “resilience”
in Yin et al. (32) did not refer to the capability to respond
disasters, maintain its most essential functions, and “bounce
back” to the pre-event state (termed recovery) or to a new
state of function (termed adaptation) (21) but described

how the object moves or deforms under the action of
external force.

(6) These articles focus on the research and development
of medical devices or technologies to support healthcare
services, but HFR is not directly related (33).

By further screening, 374 articles were eventually selected for
scientometric analysis, among which there are 251 articles from
the WoS core Collection database, 72 from Scopus database,
and 51 from MEDLINE database. The period ranges from 2001
to 2020.

SCIENTOMETRIC ANALYSIS AND
RESULTS

Overview of the Publication Year

Figure 2 shows the distribution of HFR-related articles over
time from 2000 to 2020, illustrating that HFR research was
thriving. In 2000-2007 the number of published articles (8
articles in total) was relatively small. Preliminary explorations
were conducted during this period. In 2008-2014, the number
of articles fluctuated between 5 and 15 (64 articles). This period
belongs to the period of slow growth. Between 2015 and 2020 is
the period of rapid growth, in which the number of published
articles grew rapidly from 27 to 93. The number of articles during
this period is 302, accounting for 80.75% of the total number of
articles (374).
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Overview of the Publication Countries and

Publication Institutions

Figure 3 shows the countries and institutions’ co-occurrence
network diagram of HFR research. The network contains 244
nodes and 491 links. Among which, 138 nodes represent
countries, and 106 nodes display institutions. The larger the node,
the more articles are published in the country or institution (34).
The top five are the United States (174, accounting for 46.52% of
the total), the United Kingdom (67, constituting 19.91% of the
total), Australia (41, occupying 10.96% of the total), Italy (36,
taking up 9.63% of the total), and China (35, amounting to 9.36%
of the total). It is apparent to see that the United States is far
ahead in this field. The complex links between nodes indicate a
common phenomenon of transnational cooperation in this area.
The thicker the link, the more collaborations and the closer the
connection between the countries. The purple circle shows that
the United States, the United Kingdom, Canada, and Spain have
played a crucial role in international cooperation. In general,
the distribution of institutions is consistent with the distribution
of countries (regions) (35). The United States has the most
active research institutions on HFR, University of Washington
(6). It is followed by London School of Hygiene and Tropical
Medicine (5) and Politeco di Torino (5), which come from
the United Kingdom and Italy with high publication outputs,
respectively. Overall, institutions conducting and publishing
HEFR research are relatively scattered.

Subject Categories Co-occurrence

Network

The subject category co-occurrence network is shown in
Figure 4. The network consists of 168 nodes and 382 links,
suggesting that HFR-related research covers 168 subject
categories, illustrating that the research is interdisciplinary.
The more articles were published in a particular subject area,

the larger the node (36). The top five subject categories are
engineering (65); public, environmental, and occupational health
(63); humans (33); environmental sciences and ecology (28);
engineering and civil science (23). In Figure 4, the link between
nodes indicates that two topics appear at the same time in the
same article. The thicker the link, the greater the frequency.
In Figure 4, nodes with high centrality are marked by purple
rings (35). Some nodes with high centrality in co-occurring
subject categories network are delivery of health care (0.83),
ergonomics (0.78), industrial (0.77), and engineering (0.66),
which demonstrate that these subject categories are the major
turning nodes linking the HFR research in different phases (35).

Keywords Co-occurrence Network

According to the articles selected from the two databases, the
co-occurrence network of keywords was generated, as shown in
Figure 5. This network contains 270 nodes and 639 links, which
shows 270 keywords. Node size indicates keyword frequency.
The top five high-frequency keywords are “resilience” (frequency
= 86), “hospital” (frequency = 63), “disaster” (frequency =
41), “healthcare” (frequency = 37), and “healthcare facility”
(frequency = 31). The links between nodes are complicated.
Multiple keywords frequently appear together in the same
literature and are closely interrelated.

Literature Co-citation Network and

Timeline View

This study used the LLR algorithm to generate the literature co-
cited network (Figure 6). This network consists of 197 nodes
and 418 links. The modularity is 0.8646, indicating that these
co-citation clusters can define the research areas of HFR (37).
The mean silhouette is 0.8857 (>0.5), so the clustering result is
reasonable (26). The silhouette of the major clusters discussed
in the study is all over 0.9, reflecting the high homogeneity of
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the network (38). After excluding the small clusters with a small
number of articles (the number < 10), 7 clusters (#0 — #6) were
finally identified in the literature co-cited network. The label
of each cluster was determined by the citing literature in the
cluster (26).

Furthermore, the timeline view (Figure?7) reflects the
evolution of HFR knowledge, in which the co-citation outbreak
of each cluster was shown explicitly. The nodes of high centrality
are marked by purple circles. The larger the node, the more times
the document is cited (38). The more highly cited articles in a
cluster, the more important the cluster is. In recent years, no
HEFR literature with high citation frequency has been found; thus,
citation frequency needs time to accumulate (38, 39). Given the
impact on the evolution of HFR knowledge, the literature with
high centrality and high citations should be paid attention to.
Linking different clusters can also be a potential turning point
(34). Furthermore, in different clusters, an article may be highly
cited literature and highly citing literature. Seismic resilience of a
hospital system, published by Cimellaro et al. (40), is an example.
It is highly cited literature at #0 and the highly citing literature at
#6. Such articles can also be a potential turning point.

On the basis of the main research content, seven clusters
are classified into four knowledge domains (Numbered as KD1-
KD4) as follows.

(1) KD1 “climate change” = cluster #1 “extreme weather events”
+ cluster #5 “heat waves”

The knowledge domain KD1 focuses on the impact of extreme
weather (heat waves, low temperatures, floods, and hurricanes)

on healthcare facilities. Measures to reduce the negative effect
of climate change are also discussed. Of all the extreme weather,
scholars are mainly concerned with extreme heat due to serious
climate change problems. This phenomenon can also be seen
from the cited and citing references in this domain.

The most cited article in this domain was published by
Lomas et al. (41), who proposed the renovation plans for the
British hospital wards to cope with the elevated temperatures
and achieve energy savings. In other highly cited articles,
Short et al. and Lomas and Giridharan, worked on adapting
hospital buildings for climate change with the application of
data monitoring and building modeling technologies (42, 43).
Hajat et al. and Nitschke et al. discussed the effects of heat
waves on human health and the increased demand for healthcare
facilities (44, 45). Morbidity, demand for ambulance services,
demand for emergency medical services, hospitalization rates,
and other indicators can be used to measure the impact
on human health (14, 44, 45). Furthermore, indicators such
as demand for ambulance services, hospitalization rates, and
demand for emergency medical services can also be used to
reflect the impact on health facilities (44, 45). The most citing
article was published by Chand and Loosemore in 2016 (46),
which discussed the vulnerability of healthcare facilities in
geographical environment, built environment and organizational
management under extreme weather. Six improvements were
proposed to strengthen disaster management and improve HFR.
Additionally, Curtis et al. (14) discussed the impact of climate
change on the health and social care system given the healthcare
services’ provision and demand. Possible resilience enhancement
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measures, such as renovating hospitals to improve thermal
comfort and increasing capacity for population risk identification
and health awareness, are also discussed (14). Codjoe et al.
analyzed the vulnerability of healthcare facilities and health
services to flood and heat wave, and proposed measures to
improve HFR in low-income areas (47). Extreme weather can
cut off power supplies to healthcare facilities, which will disrupt
the continuity of healthcare provision (48). Therefore, power
outage problems have attracted the attention of researchers (49-
51). A series of response measures were put forward, including
preparing emergency generators (48, 50), better detection of
power supply failures (49), the rise of distributed energy (52), and
microgrids (53), etc.

From the timeline view (Figure 7), since 2008, the knowledge
domain KD1 has begun to appear in highly influential articles.
In 2009 and 2010, Costello et al. (54) and Hajat et al. (44)
discussed the impact of climate change on health and the impact
of surging demand on health care facilities. In 2012 and 2013,
Lomas et al. (41), and Giridharan et al. (55) discussed the coping
measures of hospital buildings and hospital spaces to elevated
temperatures. In 2015, Li et al. discussed the impact of heat waves
on morbidity and pointed out the need to establish data collection
and monitoring systems to guide actions against climate change
(56). In the same year, Watts et al. proposed a range of policy
responses to climate change (57). Sendai Framework for Disaster
Risk Reduction 2015-2030 was proposed in 2015, in which
public health and climate change are important parts (58). It
can be seen from the recent citing literature that people in
recent years are paying more attention to the energy issues and
sustainability issues induced by climate change (52). With the
frequent threat of global climate change, the term “resilience”
is increasingly discussed in healthcare facilities’ operation areas
around climate change adaptation and disaster risk reduction
(59, 60). A series of resilience measures to climate change
adaptation are studied in recent years, including enhanced energy
supply management, establishing early warning systems to collect
climate and morbidity information, ensuring environmental
sustainability of healthcare facilities, etc. (14, 57, 61).

(2) KD2 “strengthening resilience in response to war and
epidemic” = cluster #3 “health care system”

This knowledge domain focuses on the impact of wars and
epidemics on healthcare systems and measures to improve
resilience. In particular, of all the wars and epidemics, the Syrian
war and the Ebola virus outbreak are the two major disasters
discussed in HFR research.

Epidemic and war lead to a shortage of resources and a rise
in mortality. Furthermore, these two disturbances can often be
combined to disrupt the supply of healthcare services. During
the war, the use of violence to destroy healthcare facilities is
increasingly common (62, 63). The destruction of roads, the
breakdown of communications, and the threat of death from the
war made it difficult for healthcare facilities to obtain adequate
resources timely and prevented patients from being able or afraid
to go to hospitals for treatment (64-66). The scarcity of health
care services and the increasing number of patients further

promote the outbreak of epidemics and ultimately lead to the
collapse of healthcare systems (65, 66). In this case, many scholars
have studied how to improve HFR to ensure the accessibility of
healthcare services during wars and epidemics. The most cited
article in this domain is published by Kruk et al. in 2015, who
pointed out that a resilient healthcare system should identify
threats as quickly as possible, be multi-layered, and have broad
coverage (67). Furthermore, a resilient healthcare system should
have strong links and adequate communication with external
organizations or countries (67, 68). During outbreaks of war and
infectious diseases, the concept of resilient health systems has
been studied in greater depth (69). People pay more attention to
the positive role that individual facilities within the system can
play (69). In highly cited articles, Gilson et al. (70) and Kieny
et al. (71) also believe that giving full play to the role of leaders
in the healthcare system, and strengthening the information
exchange within and outside the healthcare system will be
powerful measures. In the most citing literature, Jamal et al. (66)
pointed out that providing physical and psychological support to
employees, ensuring organizational flexibility, and establishing
good collaboration and communication mechanisms are key
points. In the highly citing literature published by Douedari et al.
(72), strategic vision, participation, transparency, responsiveness,
equity, effectiveness accountability were considered as critical
elements for healthcare system governance. In addition, Fouad
et al. (62) and Raven et al. (73) stated it was necessary to
provide a safe working environment and appropriate incentives
for front-line health workers (62, 73). These measures will help
them relieve the psychological pressure, and subsequently the
continuity of healthcare provision can be ensured to some extent
(71). In addition, many cited articles (67, 68) and citing articles
(62, 74) emphasized the necessity of establishing an information
monitoring system, which is important for the prevention and
control of epidemic outbreaks.

The timeline view (Figure 7) shows KD2 active since 2009.
A highly cited paper in this knowledge domain was published
by Rubenstein and Bittle (75) in 2010 which highlighted the
importance of protecting healthcare facilities and medical staff
in conflict and discussed the possible effective strategies. In 2014
and 2015, nodes with high centrality appeared. These two articles
were published by Kieny et al. in 2014 (71) and Kruk et al.
in 2015 (67), respectively. They all discussed the impact of the
Ebola virus outbreak on healthcare systems and measures to
improve resilience of systems. This may be related to the spread
of Ebola virus from 2014 to 2015. The content of discussion in
this knowledge domain does not evolve and change obviously.

(3) KD3 “resilience assessment” (ND3) = cluster #0 “evaluation
framework” + #2 “functionality” + cluster #4 “earthquake”

In this domain, researchers applied various approaches to assess
HEFR and proposed several measures to improve resilience in the
face of disasters (6). “Evaluation framework” consist of a number
of resilience measures or indicators for resilience measurement
(15, 76). “Functionality” is the most commonly used metrics for
describing HFR (77). Particularly, the earthquake is the popular
disaster discussed in this knowledge domain.
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In the most cited literature, Jacques et al. (78) in 2014 used
fault tree analysis to identify factors that affect critical hospital
services, namely, non-structural component failures and external
utility supply disruptions. In addition to the above two factors,
Mitrani-Reiser et al. (79) and Kirsch et al. (10) also considered
the damage to structural components, equipment and workers.
Achour et al. (80) focused on the influence of public utilities, in
which the impact of utility disruptions on healthcare facility was
quantified. Some research utilized the modeling-based approach
to assess HFR. For example, Cimellaro et al. (3) in 2011 and
Cimellaro et al. (8) in 2016 proposed meta-models and discrete
event simulation (DES) to assess resilience in the emergency
department. In these studies, “patient waiting time” was used
as a final measure of resilience (3, 8). Furthermore, the most
citing article was published by Zhong et al. (15) in 2014, who
developed a framework with eight areas to measure the resilience
of hospitals to disasters. On this basis, factor analysis was
conducted to extract four key capabilities (including emergency
medical response capability, disaster management mechanisms,
hospital infrastructural safety, and disaster resources) to measure
HFR (15). In the same year, another framework was proposed
by Zhong et al. (21) using literature review method. The
key assessment areas are classified as robustness, redundancy,
resourcefulness and rapidity. The functionality or performance
of healthcare facilities is a commonly used resilience measure in
many HER assessment methods (77). In the highly cited articles,
Cimellaro et al. (81) and Cimelaro et al. (40) quantified HFR
by considering the loss and recovery phases of a healthcare
facility’s functionality. Furthermore, Khanmohammadi et al. (6)
simulated the dynamic recovery process of hospital function
after earthquakes. This model can help decision-makers assess
the resilience of post-earthquake hospitals and determine the
optimal use of available resources (to help hospitals recover
their functions) (6). The citing article, Cimellaro et al. in 2019,
used “patient waiting time” to measure the performance of a
healthcare facility network in emergencies and proposed two
resilience improvement strategies, namely, reallocating existing
resources and building new emergency departments (82).

From the timeline view (Figure 7), the citation phenomenon
appears among #0 “evaluation framework,” #2 “functionality,”
#4 “earthquake,” which is sufficient to illustrate the intimate
relationship between these three clusters. Among the three
clusters, #2 “functionality” appeared the earliest among the top
seven clusters, in which the citation outbreak appeared since
2003. The first widely cited article in this domain was published
by Bruneau et al. (83) in 2003. In this study, “4R, namely
robustness, redundancy, resourcefulness, and rapidity, is used
to summarize the concept of resilience for the first time (83).
Since then, scholars have proposed many ways to evaluate HFR.
Bruneau and Reinhorn (84) in 2007, Cimellaro et al. (81), and
Cimellaro et al. (40) used probability functions to quantify the
loss and recovery of performance/function in healthcare facilities.
It is also common to identify key indicators and develop a
framework model for assessment by combing the key capabilities
of HFR (15, 21). Furthermore, scholars tend to evaluate HFR by
modeling the interactions and behavioral changes of sub-systems
within a facility, such as Cimellaro et al. (3) in 2011 and Cimellaro

et al. (8) in 2016. With the deepening of the research, the
research content gradually expanded from individual healthcare
facilities to healthcare networks or systems. In 2010, Cimellaro
et al. (40) assumed that the performance of healthcare networks
was simply equal to the aggregation of individual facilities’
performance. Based on an empirical study, Jacques et al. (78)
in 2014 further discussed the positive effect of service sharing
among hospitals on healthcare network performance. A recent
citing article (85), which Hassan and Mahmoud published in
2020, established a framework model for assessing the resilience
of post-earthquake healthcare systems. This model considered
the quality and quantity of services provided by the hospitals,
the demand and arrival rate of patients on the hospitals, and the
interaction between hospitals and other infrastructures (85). HFR
assessment studies are increasingly complex and profound.

(4) KD4 “applications of information system” (ND4) = cluster
#6 “information system”

This knowledge domain mainly discusses the application of
technologies in the healthcare industry. With the help of these
technologies, healthcare facilities can process large amounts of
information quickly, and provide more efficient, higher-quality
services to more patients in less time.

A common application area with technologies is optimizing
the layout of healthcare facilities. For one thing, in resource-
constrained settings, well-located facilities can greatly improve
access to health services, ensuring accessibility at the community
or city level while making full use of resources. The most
cited article (86) by Ferguson et al. in 2016 used Geographic
Information System (GIS) to identify critical and efficient paths
for patients accessing health services. Healthcare facilities are
prioritized at the sites with large population congregations and
intersection of these paths (86, 87). For another, with the help of
GIS, the location of healthcare facilities can avoid low-lying areas,
flood and other disasters or reduce the probability of such events
(47). Another application area discussed frequently is decision
support for resource allocation. It is reflected in prioritizing
the provision of resources to core functional components to
ensure service provision, and facilitating the reasonable matching
of resources and demands to speed up the recovery of facility
performance. In an article published in 2010 by Paturas et al. (88),
a Hospital Emergency Support Functions (HESF) model based
on the personnel database was developed urgently to review all
functions and staff in the hospital. The most suitable personnel
will be assigned to key positions based on the importance of
the function and the capacities of the people. Additionally,
medical diagnosis and treatment is popular in recent years.
The COVID-19 outbreak has boosted popularity of telemedicine
technologies. As the citing article (18) by Haldane et al. in 2020
and the citing article (89) by Bhaskar et al. in 2020 pointed
out, telemedicine can ensure physical distance between people,
reduce the route of transmission of the virus, and provide health
services continuously.

From the timeline view (Figure 7), the knowledge domain
KD4 began to rise around 2010, which is a relatively new
research topic. The development of technologies also takes time
to accumulate. These may be the reasons why this domain has no
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large citation outbreak and high centrality nodes. In recent cited
literature, COVID-19 is an unshirkable research content (18, 90).
They illustrate the impact of epidemics outbreaks on the use of
technologies in healthcare facilities. With the advent of the data
age, the everchanging science and technology will make this field
of knowledge active for a long time.

DISCUSSION

Despite the considerable amount of HER studies, no earlier effort
has been given to existing aggregate findings quantitatively and

comprehensively to our best knowledge. Thus, a comprehensive
knowledge map for HFR is put forward (Figure 8) based on the
aforementioned scientometric review and deep content analysis.
The following part discussed the critical research parts, current
research gaps, and future work.

Critical Research Parts of HFR

As shown in Figure 8, this framework depicts three critical
research parts of HFR: disturbance scenario analysis, resilience
assessment, and resilience enhancement. Their states are
described as follows.
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Disturbance Scenario Analysis
When addressing the HFR issues, the researchers must primarily
clarify what the healthcare facilities are resilient to (91).
Specifically, which resilience strategies should be followed
depends on the specific country context and the type of
disturbances (12). Different economic-level countries focused
on different disasters due to their specific regions, various
healthcare level and infrastructure conditions, and diverse
political conditions (92). Though content analysis, we stratified
the data (collected articles) with regard to the involved countries
with different economic level and their concerned disasters
(Table 1) (93). Of the total 55 involved countries, there were
17 high-income countries (30.91%), 11 upper-middle income
countries (20%), 17 lower-middle income countries (30.91%),
and 10 low-income countries (18.18%), respectively. It appears
that the healthcare sector of these countries is largely focused on
acute shocks. High-income and middle-income (upper-middle
and lower-middle) countries are more concerned about climate
change and natural disasters, such as earthquakes, hurricanes,
floods, etc., while low-income countries mostly discussed about
Ebola and conflicts. Recently, with the emergence and rapid
spread of COVID-19, more studies are trying to discuss the
national response experience of the high-income countries and
upper-middle income countries, and aiming to draw lessons
from healthcare system that have proved more successful (12).
Clearly, climate change issues, natural disasters and epidemics
will severely test the healthcare facilities in all countries
around the world in future. Understanding the pathways of
various disturbances not only helps decision-makers prepare for
problems but also manage better when they happen.
Disturbance scenario analysis characterizes the type, severity,
occurrence time, and potential risks. For healthcare facilities,
the disturbances are classified into external disasters (e.g.,
earthquakes, large floods, epidemic, and war) and internal
pressures (e.g., equipment failure and human error) (47, 62, 94).
The external disasters will cause the healthcare facilities’ internal
structural failure directly or interrupt the supply of external
lifeline services (e.g., electric, water, communication, and gas) for
healthcare facilities. Evidence shows that disasters are not always
isolated events and usually occur in complex combinations (95).
For instance, in 2008, the Wenchuan Earthquake in China
was followed by floods and landslides (96, 97). Following
such complex disturbances, healthcare facilities face significant
operation challenges regarding the continuity of healthcare
service (80). Considering the different disturbance scenarios,
Zhao et al. and Ouyang et al. presented two basic scenario modes:
single-disruption scenario and multiple-disruptions scenario
(98, 99). The latter mode shows the impact of the initial
event and its ensuring events on the performance of the
infrastructure system. Some studies have focused on the single
disturbance event in terms of healthcare facility resilience.
For example, Bruneau and Reinhorn (84) in 2007 discussed
seismic resilience in acute care facilities. Few studies began to
consider the multiple disruption scenarios in the healthcare
facility context. For instance, Qirbi and Ismail (100) in 2017
discussed the impact of wars and epidemics on healthcare
facilities in Yemen.

TABLE 1 | Data stratification based on countries’ economic level and concerned
disasters.

Disasters Low-income Lower-middle Upper-middle High-income

countries income income countries
countries countries

Heat wave 1 2 1 6

Low 3

temperature

Flood 2 5

Hurricane 3

Earthquake 5 22

Tsunami 1 2

General climate 3 16 7 25

change

issues/natural

disasters

COVID-19 1 1 5 10

Ebola 18 1 3

General 5 5

epidemics

Refugee 2 2

Conflict 10 1

Terrorist attack 2 1

Economic crisis 1 2

General 1 2 9 19

disasters

Furthermore, the disturbance scenario analysis should
understand how the disturbances influence the system (101).
Such analysis should involve analyzing the system structure
and clarifying the initial and subsequent failure caused by
disturbances. The healthcare facility can maintain its normal
function owing to external lifeline services (e.g., the municipal
water supply, electric power supply, and gas supply) and the
internal equipment systems (e.g., electric power system, HVAC
system, water supply system, and gas system). In addition to these
physical aspects, the healthcare facility operations also require
organizational and social efforts. Healthcare organizations,
including medical care departments, facility management
department, asset management, department, and administrative
department, operate numerous facilities serving core business
relating to medical care, research, laboratories, and education
(102). Social units refer to the government sector, fire service,
police department, and social media that provide rescue services
and resources for the healthcare facilities to deal with emergency
events (83). All these dimensions are not isolated but highly
interconnected and mutually interdependent (101, 103, 104). For
example, water supply systems require an electric power supply
to maintain their normal operations, whereas the electric power
system needs water resource for power delivery. Thus, modeling
and analyzing the interdependent system structure of healthcare
facilities is a critical step for disturbance scenario analysis.
Given the interdependencies, the cascading failures occur across
the systems when the disaster event happens (80, 104, 105).
Specifically, one sub-system’s failure or function loss may lead
to knock-on consequences in others and eventual collapse of
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the entire system. These cascading failures will be more serious
under multiple disturbances. Thus, a full understanding of
the propagation of cascade impact and synergic effect in the
healthcare facility systems is necessary.

Resilience Assessment

“Measurement” is needed to identify what needs to be improved
(106). Resilience assessment plays a decisive role in determining
the strategies for resilient healthcare facilities development
(107-109). Given this significant role, most previous HFR
studies have focused on quantifying or assessing resilience. This
section categorizes and reviews the existing resilience assessment
methods for healthcare facilities. They are broadly grouped
into three types: indicator-based, function-based, and structure-
based approaches.

In terms of the indicator-based approaches, most studies
proposed a generic framework for HFR assessment, which
integrates several dimensions with a set of resilience measures
(110). The critical steps for these approaches commonly include
selecting and categorizing resilience indicators, weighing
each indicator’s importance, scoring the indicators, and
calculating the final resilience results. For example, Bruneau
et al. proposed a general framework to evaluate the seismic
resilience of any physical and organizational systems (83).
This framework quantifies resilience with four properties:
robustness, redundancy, resourcefulness, and rapidity (83).
Various studies have been implemented to quantify resilience
from different perspectives to support decision-making. For
example, Cimellaro et al. (111) in 2018 used a questionnaire
and factor analysis to identify three resilience factors, including
cooperation and training management, resources and equipment
capability, and structural/organizational operating procedures.
A linear combination of the three factors was eventually used
to represent HFR. In sum, the indicator-based approaches
capture the characteristics of multiple dimensions for HFR,
and implementing these approaches is easy. However, most
selected resilience indicators in the indicator-based approaches
are static and cannot measure HFR in a dynamic way. The
resilience capacities of healthcare facilities are process-based,
which are reflected by the healthcare facilities’ dynamic responses
to disruptions.

The function-based approaches provide a quantitative and
direct means to evaluate HFR by using the performance curve
describing the functionality of healthcare facilities. Collected
from the time-dependent performance curve, several macro-level
indicators were used to determine dynamic resilience, such as
lost functionality, downtime, and recovery time. For example,
Cimellaro et al. (3) in 2011 defined the disaster resilience of a
hospital as the product of technical and organizational resilience.
Patient waiting time was used to measure organizational
resilience. The number of untreated patients vs. the total number
of patients requiring treatment, that is, healthy population
loss, was used to measure technology resilience. One challenge
with these approaches is that healthcare facilities’ critical
functionality/performance in scenario time is difficult to define
(103). Common sense and previous studies indicated that the
functionality of healthcare facilities can be defined in terms

of quality service. For instance, Cimellaro et al. (40) in 2010
expressed seismic resilience by the patients’ waiting time for
treatment as an index of service quality. More attributes, such as
losses, recovery cost, and time, were further selected to measure
the resilience to recover from losses generated by the earthquake
(40). In the case of COVID-19, the critical functionalities
of healthcare facilities are to hospitalize all infected persons
and continue to provide normal care for non-COVID-19
patients. Accordingly, the number of intensive care beds available
and the available personal protection equipment/resources
are specifically used to quantify resilience of the healthcare
facilities (103). Thus, the definition of system functionality and
corresponding resilience indicators will be changed according to
the facing disasters. Therefore, the function-based approach can
dynamically determine the resilience by comparing the macro-
level functionality/performance of healthcare facilities before and
after disruptions in time scenarios. However, these approaches
did not take the healthcare facilities micro-level system
structures and behaviors into consideration. Consequently, it
is difficult to dig out the vulnerable and critical components
of the healthcare facilities and develop the targeted resilience
enhancement strategies.

The structure-based approaches considered the system
structures and their impact on resilience in healthcare facilities
(101). The healthcare facilities’ response to disturbances can be
represented by modeling the system structures at the component
level and then simulating the cascade failures at the system
level. Several indicators from the simulation model can be
used to measure the resilience level, such as many waiting
patients and admission rates (6, 85). Depending on whether the
behaviors of decision-makers are modeled, the present study
characterizes structure-based approaches into two types: agent-
based approaches and network-based approaches. Agent-based
models are often used to simulate the actions and interactions
of agents (112, 113). In 2001, Taboada et al. (113) modeled a
hospital emergency department using a proxy-based approach,
in which the changes in patient waiting time were shown under
different patient arrival rates and different types and numbers of
ED staff. As for the network-based approach, nodes are used to
represent critical components of the system, and the relationships
between nodes are represented by links (112). According to
whether modeling the practical flow within systems, network-
based methods can be divided into topology-based methods
and flow-based methods (41). For example, Akcali et al. (114)
in 2006 established a network flow model to optimize the bed
capacity in a hospital under the premise of minimum cost.
Arboleda et al. (101) presented a network flows model to
assess the vulnerability of a healthcare facility during disaster
events, considering the flow of patients within the facility, the
interactions between the facility’s different service areas, and the
external lifeline services. In sum, the structure-based approaches
capture the system’s topological features and even simulate
the participants’ behaviors on these topological structures
using agent-based technologies. The resilience mechanism can
be explored by simulating the interactions between system
structures, participants’ behaviors, and disasters. Thus, effective
strategies on resilience enhancement can be simulated in these
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structure-based models, and the optimal resilience enhancement
strategies would then be selected. However, concerning the
accessibility of data for modeling and simulation, the structure-
based approaches, particularly the agent-based methods and the
flow-based methods, are difficult to access the required data. This
limitation is serious in the healthcare sectors. The most complex
data sets, such as the human behavior variables and the facilities’
operational data, are difficult to obtain because of privacy and
security issues (112).

Resilience Enhancement

The resilience enhancement of healthcare facilities is a
sophisticated and systematic process, for which the type
and severity of disturbances, the stage of the disturbance, the
healthcare facilities conditions as well as the specific country
context should be fully considered (12, 110). Generally, resilience
enhancement strategies are provided later after resilience
assessments. For this, we directly distilled the resilience strategies
from existing research results. The following section will depict
these resilience strategies at different stages of the response
cycle, in which macro level (healthcare systems) and micro level
(single healthcare facility) were both involved. Moreover, some
resilience strategies could be conducted across stages. Here, we
map specific strategies to particular stages of disaster response in
order to highlight their critical relevance in these stages.

Stage 1: Preparedness and Response Planning

Resilience to acute disturbances is enhanced by adequate
preparedness (46, 110). The preparedness stage relates to
reducing the vulnerability of the healthcare facilities to various
disturbances (46). At this stage, general preparation for any
disturbances includes response planning for possible threats,
resourcing those plans and holding scenario drills as planned
(46). Its important to note that healthcare facilities vary
widely in the degree to which they prepared for the range of
possible disturbances (110). The degree of preparedness will
be determined by the frequency and severity of the possible
risks. Threats with high probability or high impacts should
be given priority in preparedness and response planning.
However, building too much preparedness for a specific disaster
might increase the healthcare facilities’ vulnerability to other
unanticipated threats due to limited workforce and resource
(12). Thus, anticipating possible disturbances and ensuring
sufficient resource with adequate distribution are critical element
of preparedness.

Learning from previous studies, the micro-level preparedness
in single healthcare facility is summarized as the following
areas: assessing the healthcare facility’s structural and non-
structural vulnerabilities, mapping the intensity and probability
of possible threats, setting emergency plan and protocols,
preparing emergency teams and assigning of responsibilities,
training for emergency response procedures, and ensuring
human and physical resources sufficient with appropriate level
and distribution, etc. (15, 21, 46, 110, 115). The macro-level
preparedness mainly relates to how well a country/region
prepares for future disturbances affecting its healthcare system
(12). Examples of preparedness and response planning have

been specified as critical for resilience, including establishing
strong leadership and accountability of government agencies
for emergency response, developing coordination channels
and data-sharing mechanisms across government and key
stakeholders, and ensuring sufficient healthcare system resources
(healthcare related resource and critical infrastructure support)
and mobilizing all available resources across regions for
deployment in future threats, etc. (66, 72, 74, 92). Clearly,
healthcare system preparedness provides communication
channels and governance mechanism for information sharing
and resource support across healthcare sectors, different
levels of government and the other social sectors (i.e., media,
community committees and infrastructure service) in the case
of emergency crisis (12). It is also noted that preparedness in
single healthcare facility provides a backbone for developing
and implementing national/regional preparedness and response
plans (116). Specifically, single healthcare facility provides front-
line data including vulnerability risks, resource requirements
and service capacity, etc. (117). These data underpin effective
decision-makings for developing national/regional preparedness
and response plans, which includes anticipate external threats
and identify internal vulnerabilities of healthcare system,
clarify existing gaps between service supply and demands at
national/regional level, and determine the appropriate level
and distribution of resources across healthcare system (67).
In addition, single healthcare facility is at the core position
for supporting the implementation of national/regional plans
and ensuring the continuous service delivery in response to
threats (66).

Stage 2: Disturbance Onset and Alarm

The focus of this phase is on early identification of the onset
and type of the disturbance (12). Clearly, the earlier that the
disturbance is noticed, the faster and more effective the response
actions can be. An effective surveillance and early warning
system would be a powerful tool at both macro level and
micro level (74, 90). Take the epidemic threats as examples,
surveillance applications include detecting the abnormal increase
of the case, monitoring and describing the magnitude and
patterns of infectious disease, predicting epidemic trends, and
discovering the emerging infectious disease (118). Then, early
warning releases the signals to relevant institutions and personal
for further control actions. Critically, effective surveillance and
early warning system builds primarily on active data collection
and information-sharing mechanisms (71, 74). Particularly, as
the basic data resources, the hospitals, clinics and community
care centers should take the responsibility of collecting reliable
data and reporting to relevant sectors in time (67). In view of
healthcare systems, it is suggested to expand the data scope and
build trans-city or even transnational information monitoring
systems to achieve large-scale communication and information
sharing (74).

Stage 3: Disturbance Impact and Management

This stage places greater emphasis on the ability to absorb
the impact of initial damage, minimize adverse consequences
and ensure the continuous service delivery (98). Generally,
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threats will disrupt the balance between supply and demand of
healthcare service. And the shortage of health professionals and
resources is serious. Experience from previous crises, increasing
service capacity and adopting alternative and flexible approaches
to ensure continuous healthcare delivery are strong need for
strengthening resilience when healthcare facilities were shocked
by threats (12). A series of specific response strategies for single
healthcare facility were explored from previous studies, including
triaging patients and treating them according to their urgency
level, giving priority to maintaining healthcare service delivery,
shifting operation activities to lower-cost settings, activating the
backup resources (i.e., health professionals, medical resource,
lifeline service) for increasing service capacity or preventing
service disruptions (6, 8, 80, 110). The response actions of
healthcare system will promote absorption and adaption abilities
at strategic level. Effective information systems are critical for
decision-making across healthcare system (74). For example,
based on the flow of data and information across healthcare
system sectors, decision-makers can precisely match the demands
of healthcare and resources with available supply in view of
fast response and transfer cost (78, 79, 85). It is noted that
these resource sharing and coordination activities should be
underpinned by emergency legislation at national/regional level
(57). Additionally, transparent communication to the public, and
creation of public trust and support are also crucial in response
to emergencies (12).

Stage 4: Recovery and Learning

In this stage, the focus is on taking a series of adjustments to
better recover from the impact of the disturbance and return
to some kind of now normality (12). The post-shock context
has to deal with several legacy issues, such as lost estimation,
recovery decision-makings, and rebalance of the demand and
supply, etc. (6, 119). For the micro-level single healthcare
facility, several studies proposed specific strategies for recovery
decision-makings. For instance, a decision support platform
was developed for determining the priority of the damaged
components and allocating recovery resources in consideration
of both recovery time and cost (7, 57, 84). Ouyang et al.
proposed that developing efficient communication channels
and coordination mechanisms for rapid recovery response is
necessary (93). In addition, other strategic legacy issues have
to be done by macro-level healthcare systems. For example,
scheduling recovery resources across regions or sectors and
the long-term of physical and psychological treatment after
shocks are great challenges (72, 74). Critically, all these decision-
makings for recognizing legacy aspects and figuring out operable
recovery strategies rely heavily on data collection (e.g., loss data,
repair time, and required amount for recovery resources) and
data analysis methods. Furthermore, learning from success and
failures and adaptation to future is vital for building resilience
(92). Several learning strategies could be noted for healthcare
facilities, such as developing organizational learning culture
and developing mechanisms to conduct feedback analysis and
experience summary (46). In essence, most resilience strategies
across the disaster response stages were summarized through
learning from past experience.

Knowledge Gaps and Future Research
Reviewing the articles relating to HER in 2000-2020, this study
identifies the areas that are still requiring further studies. As
Figure 8 shows, these areas are summarized into the knowledge
gaps of HFR and set the directions for future research.

The first knowledge gap is related to understanding and
monitoring the risks for uncertain adverse events. The resilience
concept emphasizes the resistant capacity of the system
to understand and prevent any possible hazards (including
emerging risks) (98). In terms of the functionality of healthcare
facilities, monitoring the risks of public health and the loopholes
of the healthcare systems are essential for the healthcare
facilities’ disaster prevention (67). The traditional monitoring
systems usually collected public health data from clinical
cases, which are labor-intensive and time-consuming (120-
123). This method is inefficient for dealing with the emerging
risks, particularly the epidemics with a fast spread and long
incubation period (103). Taking COVID-19 for example, in some
countries without powerful healthcare support and warning
mechanisms, an average delay of 29 days was observed from the
onset of symptoms to the detection of the epidemic outbreak
(124). This delay finally resulted in the widespread COVID-
19 and huge pressure on healthcare systems. Thus, studying
the hazard monitoring system for healthcare facilities is urgent.
Specifically, monitoring the data of climate change (e.g., the rising
temperature and possible floods) and exploring their impact
on public health can be noted for the early identification and
monitoring of public health events (56). Furthermore, given that
the clues of risks are probably hiding in the public, how to use
the data from social media for monitor the public’s reactions is
also worth further research, in which collection methods and data
cleaning technologies are critical points.

The second knowledge gap is the modeling and simulation
of system interdependency. A range of recent HFR studies
discussed the impact of disturbances on healthcare facilities (14,
43, 80), but few studies can use the “structure-based” method
to quantify the resilience level of healthcare facilities (112). The
main reason for this limitation is that existing studies do not fully
support modeling and simulation of system interdependency
and cascading effects for healthcare facilities (112). In terms of
system interdependence, the operational healthcare facility and
its emergency management heavily depend on external lifeline
services, internal equipment systems, healthcare organizations,
and social units (80, 125). All these dimensions are highly
interconnected and mutually interdependent. In disasters, the
performance deterioration of healthcare facilities can be easily
amplified because of interdependencies. Thus, for HFR research,
future research would characterize the structure of complex
healthcare facility systems and identify approaches to simulate
this interdependent system.

The third knowledge gap is related to considering the
cascading effects of healthcare facilities. How disturbances
cascade through the interdependent systems has to be assessed
to estimate the performance deterioration and mitigate the
consequences of failures (125). Some studies proposed the
methods of revealing cascade failures for interdependent
critical infrastructures. For example, Utne et al. developed
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a cascade diagram to represent the cascading failures across
the interdependent critical infrastructures under the accident
scenario (126). Lam and Tai integrated network and fuzzy set
theory to reveal the cascade effect from a disruption (127).
Ouyang reviewed the approaches of modeling interdependent
critical infrastructure systems, including empirical approaches,
agent-based approaches, and network-based approaches (112).
Those studies focused on the general essential infrastructure
systems, such as the power grid, telecommunications,
transportation, and water supply systems. However, in-depth
research on modeling healthcare facility systems is still lacking.
Furthermore, these proposed modeling methods for general
infrastructure systems can also provide directions for HFR
studies in the future.

The fourth knowledge gap is concerning the data collection
for HFR modeling and simulation. All proposed resilience
assessment approaches require a lot of relevant data, such
as the healthcare facilities’ system structures, organizational
structures, operational data, emergency procedures, performance
data, experts’ experience, and historical events data (112, 128).
To collect these data is generally difficult because of a series
of reasons. For example, much historical data on previous
disturbances in healthcare facilities are incomplete and imprecise
because of the backward information recording and preservation
methods or awareness (129, 130). This limitation directly blocked
the use of function-based approaches for empirical resilience
assessment and data basis to validate other modeling and
simulation methods (112). Furthermore, the healthcare facilities’
operational data and their performance metrics are usually
confidential because of safety issues or commercial secrets.
Despite scholars and practitioners appealed to develop the data
collection mechanism for events data in healthcare facilities,
data collection or accidents reports for HFR studies have no
standard. Thus, developing a unified database for monitoring
and collecting the events data in healthcare facilities is essential.
The following data standards and data analysis methods can be
further researched for HFR studies.

The fifth knowledge gap is related to integration and co-
simulation for HFR assessment. The previous review of resilience
assessment approaches depicts that each approach has advantages
and disadvantages. Function-based approaches can dynamically
and directly reflect resilience capacities by the changing macro-
level functionality/performance of healthcare facilities (40, 81).
However, they fail to identify the critical components within
healthcare facility systems that can significantly impact resilience
because they did not consider the micro-level system structures,
interdependences, and response behaviors (6, 128). Accordingly,
the structure-based approaches only used topological indicators
to represent resilience in a static way, which could not fully reveal
resilience’s “process-based” characteristics in a time scenario.
To develop the strong points and avoid the weak points
for HFR assessment studies, an open modeling framework
to capture the macro-level performance indicators and the
micro-level topological indicators is more desired for practical
applications. This framework will involve integrating modeling
and simulation methods for HFR, and specifically exploring the
relationship between the micro-level topological indicators and

the macro-level performance indicators in a mathematical way
is necessary.

The sixth knowledge gap has to do with proactive adaptive
management of healthcare facilities. Most existing studies give
more efforts to existing function recovery, but little attention is
devoted to recognizing the healthcare facilities as an adaptive
system (92). After the disaster is completely gone, the system
of healthcare facilities had been re-stabilized. In most cases, this
stable state is different from the stable state before the disaster.
This is due to the impact of disasters and measures implemented
to ensure the functioning of healthcare facilities (12). Exploring
differences between these two steady-states and their causes will
be meaningful for discovering the pathways of strengthening
future resilience in a system view (12). Additionally, tightly
linking the recovery and learning experience to preparedness is
crucial although often neglected once the function is recovered
(12). Strengthening the resilience of healthcare facilities in an
adaptive view is not only for improving the current system but
is also better for response to future threats scenarios.

CONCLUSION

Healthcare facilities are one of the most important and
complicated critical facilities in any region and country. During
disasters (e.g., earthquake, flood, and epidemic), their role is even
critical for rapid and effective response to casualties, injuries,
or infected patients. Thus, the resilience of healthcare facilities
has gained much attention in recent studies. This scientometric
review aims to detect the status quo and future trends of
healthcare facility resilience research. After directional search
and exclusion, 374 articles between 2000 and 2020, which were
gathered from the WoS core collection database, MEDLINE
database and Scopus database, were analyzed to explore and
visualize the current status and future trends of healthcare facility
resilience research.

In terms of the temporal distribution, research on HFR has
experienced three stages: preliminary exploration period (2000-
2007), slow development period (2008-2014), and rapid growth
period (2015-2020). Most HFR studies originated from the USA,
UK, Australia, Italy, and China concerning spatial distribution.
Furthermore, the institutions that conduct HFR research are
relatively scattered. Regarding the subject categories in co-
occurrence analysis, engineering and public and environmental
and occupational health were two major research subjects. Given
the keywords, “resilience,” “hospital,” “disaster;” “health care,” and
“healthcare facility” had the most frequency.

According to the literature co-citation networks, seven co-
citation clusters were detected. This study classified them into
four knowledge domains based on their contents: climate
change impact, strengthening resilience in response to war and
epidemic, HFR assessment, and information system applications.
Furthermore, the timeline view of literature reflected the
evolution of each domain.

Based on the aforementioned scientometric analysis, a
knowledge map for HFR was put forward, in which the
critical research contents, current knowledge gaps, and future
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research work were discussed. The critical research parts
of HFR, including disturbance scenario analysis, resilience
assessment, and resilience enhancement, were discussed in detail.
Furthermore, knowledge gaps were identified in the areas of
monitoring risk, modeling system interdependence, considering
cascading effects, concerning data collection, HFR assessment
barriers, and healthcare system resilience. Accordingly, the
future research agenda were proposed: (1) studying the hazards
monitoring system for public health based on climate change data
and social media’s reactions, (2) characterizing the structure of
complex healthcare facility systems and exploring approaches to
simulate this interdependent system, (3) modeling the cascading
effects in healthcare facilities for estimating the performance
deterioration and mitigating the consequences of failures, (4)
developing a unified database for monitoring and collecting
the standard events data for HFR research, (5) integrating and
co-simulating the HFR assessment approaches for considering
the micro-level topological indicators and the macro-level
performance indicators, and (6) implementing proactive adaptive
management of healthcare facilities.

This study provides an in-depth review of the status quo,
knowledge gaps, and future research directions for researchers
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Owing to the proliferation of rumors on social media, it is necessary to disseminate
debunking information to minimize the harm caused by them. Using content analysis,
sentiment analysis, and regression analysis, this study examined the mediating role of
follower count in the relationship between the debunker’s identity and sharing behavior,
and it explored the relationship between the text sentiment of debunking information and
sharing behavior based on data on the spread of three rumors that circulated extensively
on social media. Using an ordinary account as a reference, we found that the mediating
or suppression effect (i.e., when direct and indirect effects are significant and opposite)
of follower count in the relationship between debunker’s identity (celebrity, media, or
government) and sharing behavior was significant. The three test identities (celebrity,
media, and government) had more followers than the ordinary account, which resulted
in a significant positive effect on the number of reposts. The debunker’s identity did
not have a positive effect on the sharing of debunking information when controlling
for mediating variables. Debunking information with emotional overtones (positive or
negative) was shared more widely compared with information with neutral emotions,
and the dominant emotional polarity was different in the three different rumors. These
findings can contribute to the generation of debunking information content, which can
aid in the development of effective communication strategies and improvement in the
efficiency of crisis management.

Keywords: rumor, debunking information, social media, debunker’s identity, textual emotions, crisis management

INTRODUCTION

The spread of rumors, especially on social media, has had a serious impact on network order and
social development (Lazer et al., 2018; Allen et al., 2020). It can cause panic, lead to false accusations,
and interfere with the work of emergency response agencies, posing a threat to public safety (Jung
et al., 2020). Particularly, since the outbreak of COVID-19, the spread of rumors has become more
concerning than the prevention and treatment of the disease itself, causing significant negative
consequences (Kassam, 2020). To mitigate the potential harm caused by rumors, it is necessary to
dispel them by disseminating debunked information.

Inadequate information to debunk rumors is a key impediment to damage control. For
effective debunking, correct information must reach all persons who have encountered the rumors
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(Wu, 2020). Rumors spread widely to drown out factual as well as
retroactive information. One powerful evidence is that messages
from the World Health Organization (WHO) and the US Center
for Disease Control and Prevention (CDC) received only a few
hundred thousand responses (retweets, likes and comments, etc.)
at the height of the COVID-19 pandemic. Conversely, false
information and information about conspiracy theories gained 52
million views (Mian and Khan, 2020). The amount of debunking
information is always less than that passing on rumors. This
means that the overall impact of debunking information is
limited (Jung et al., 2020).

Further, researchers have found that most users who believe
rumors do not take corrective action after reading the debunking
information (Arif et al, 2017). Scholars who investigated the
reactions of misinformed Twitter users after the users read
debunking information found that they do not take any real
action after seeing the debunking information (Wang and
Zhuang, 2018). Consequently, rumors always spread faster
and wider than debunking information, making it difficult
for debunking information to curb the rumor spread and
significantly reducing the effectiveness of debunking behavior
(Vosoughi et al., 2018; Wang and Qian, 2021). It is important to
investigate the behavior of sharing (referred to as sharing behavior
hereon) debunking information; develop strategies that enable
wider dissemination of debunking information; and form an
effective countermeasure to curb the spread of rumors, mitigate
the harm caused by them, and improve the efficiency of crisis
management systems.

Five basic components of how individuals communicate with
one another include who, what, through which channel, to whom,
and with what effect (Lasswell, 1948). In the present study, from
the perspective of the information publisher, the main concerns
are the who, what, and which channel.

In the real world, people are concerned with the source of a
story (McCracken, 1989). We accept statements from those we
regard as experts (Hovland et al., 1953). Scholars have conducted
empirical analyses of rumor development. The findings have
suggested that rumors that are debunked by official sources are
more likely to be arrested from continuing to spread (Andrews
etal., 2016; Jung et al., 2020). Regarding the relationship between
information sources and sharing behavior, Kim and Dennis
(2019) found that highlighting the source of an article affects the
extent to which readers trust the article, which in turn influences
users’ engagement with the same (e.g., read, like, comment, and
share). However, to the best of our knowledge, no further research
has been conducted on the relationship between the identity of
debunkers and information-sharing behavior. Previous research
about the effect of type of source on sharing behavior has mostly
used an experimental approach, studying the intention to share
rather than the actual act of sharing. Using real data from social
media, the relationship between debunker identity and sharing
behavior in the context of social media can be studied with better
ecological validity (Burton et al., 2021).

In this manuscript, the identity of the debunker refers to
the type of Weibo account—that is, ordinary, celebrity, media,
and government. This study focuses on the following question:
How does the debunker’s identity affect the sharing behavior

of information that is intended to debunk a rumor that has
been spread through social media? It is clear that certain types
of accounts have many followers. Accordingly, it is difficult
to determine whether the behavior of reposting debunking
information is influenced by the type of account or a higher
number of followers.

Previous studies have confirmed the relationship between
emotions and information dissemination. Messages with
emotional overtones were forwarded more frequently and
rapidly than neutral messages (Stieglitz and Dang-Xuan, 2013).
Although negative messages spread faster than positive ones,
positive messages reached larger audiences. This suggests that
people prefer sharing positive content. This is known as positive
bias (Ferrara and Yang, 2015). Moreover, some researchers
have explored the influence of emotion on the spreading of
rumors. For instance, Weeks (2015) and Martel et al. (2020)
established that anger can promote belief in rumors and that
emotional response increases belief in false news. This can
make debunking difficult. Emotions play a significant role in
the proliferation of both conventional information and rumors.
However, debunking behaviors and debunking information
have a specific set of characteristics that are less likely to gain
attention and reposts than rumors (Arif et al, 2017; Wang
and Zhuang, 2018). It is unclear whether the use of emotional
language in debunking information increases the likelihood of
reposting. Moreover, there are many potential problems with
sentiment analysis of text data on social media. First, for data
obtained from social media, pre-processing procedures such as
removing deactivated words and removing account names or
hashtags are usually needed at the initial stage, which do not
have a strict standard; this may lead to different interpretations
of the data (Burton et al., 2021). Second, the decision to use a
lexical (or bag-of-words) approach or machine learning strategy
in text classification may result in differences in the recognition
of moral expressions in the same corpus, and classification
performance may vary by context (Hoover et al., 2020). Finally,
although computerized sentiment analysis allows researchers
to test hypotheses on a larger dataset, it does not capture
specific sentiments, such as sarcasm, which can render the final
classification results biased (Stieglitz and Dang-Xuan, 2013). In
view of the shortcomings of previous studies, this study first
makes improvements to the sentiment analysis method to obtain
more accurate sentiment classification results and then examines
the relationship between text sentiment and sharing behavior in
the context of social media.

Using the bootstrap method, this study examined the
mediating role of follower count between three categories
of social media accounts (celebrity, media, and government
accounts) and the number of reposts, with the ordinary account
as reference. A negative binomial regression model was used
to examine the relationship between the sentiment expressed
in debunking information and the number of reposts. We
found that the relative mediating effect, or suppression effect of
follower count, between these three types of accounts and sharing
behavior was significant. The three account types had a significant
positive effect on the number of reposts through the follower
count. Further, after controlling for mediating variables, the
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debunker’s identity contributed little to the sharing of debunking
information. In addition, debunking information with emotional
overtones (positive or negative) was more likely to be reposted.
However, the dominant emotional polarity varied in different
rumor transmission contexts.

THEORETICAL BASES AND
HYPOTHESES

The Relationship Between the
Debunker’s Identity and the Number of
Reposts of the Debunking Information

The way we perceive the source shapes the way we think about
subsequent information. We tend to view information from
reputable sources positively and information from disreputable
sources negatively; therefore, we are more likely to trust
information from reputable sources (Tormala et al., 2006, 2007).
Most debunking information posted by personal accounts is
associated with news agencies and government organizations
(Hunt et al., 2020). In addition, influential accounts on social
media, such as media and celebrities, trigger more interactive
behavior (Stieglitz and Dang-Xuan, 2013). Therefore, we propose
the following hypothesis:

Hla: Debunking information posted by celebrities, media,
and government accounts will receive more reposts than
information in ordinary accounts.

The Mediating Role of the Number of

Followers of a Debunker

Scholars have found that compared to ordinary accounts, social
media accounts that belong to celebrities, those that belong to
media houses (e.g., Weibo-certified account of a newspaper, or
a magazine), and those that belong to government organizations
hold more reliable information (Andrews et al., 2016). Social
media users, therefore, consult them because they are considered
reliable and authoritative. The authority effect states that if a
person is authoritative and respected, what they say and do
is more likely to attract other peoples attention and to be
believed. The prevalence of the authority effect is due to the
psychological human desire to feel safe. People tend to believe
that authorities mean well. Their statements are, accordingly,
mostly believable (Scherman, 1993). Hence, following authorities
on social media makes individuals feel safe. It also increases
their faith in the authorities and the credibility of what they say.
Moreover, it increases their confidence in their own credibility.
Furthermore, most people tend to seek approval from prominent
figures (Yuhong et al., 2019). They tend to believe that the words
and actions of those in authority are in line with social norms.
Accordingly, individuals who are consistent with authorities
receive approval or praise from others. Therefore, we propose the
following hypothesis:

H1b: Celebrity, media, and government accounts will have
more followers than ordinary account types.

The number of followers a user has on social media represents
the degree of homogeneity among their followers (Aral et al,
2009). This suggests that a user’s followers are likely to have
similar interests. Therefore, they are more likely to repost the
user’s content, leading to the following hypothesis:

Hilc: There is a positive correlation between the number of
followers and the number of reposts.

On the basis of Hla, H1b, and Hlc, the influence of a debunker’s
identity on information-sharing behavior can be divided into two
premises: (1) the identity of the debunker directly affects the
number of reposts, and (2) the identity of the debunker affects
the number of reposts by influencing the number of followers.
Thus, we propose the following hypothesis:

HI: Using the ordinary account type as the reference,
follower count is a relative mediating variable between
celebrity, media, and government-type accounts and repost
counts.

The Relationship Between Sentiment
and the Number of Reposts of

Debunking Information

The social contagion theory holds that individuals’ emotions
and behaviors can be influenced by other people’s words,
texts, expressions, gestures, and other messages (Kunitski
et al., 2019). Users unconsciously spread positive and negative
emotions through the comments they pass on to others
through social networks. They trigger similar emotions and
behaviors. People who use emotive language (including both
positive and negative emotions) in their messages in social
media forums receive more feedback than those who do not
(Huffaker, 2010). Furthermore, research has also shown that
users’ attraction to emotional content is not limited to a particular
domain. This means that users tend to repost information
that has a greater emotional impact, regardless of what the
information is about (Milkman and Berger, 2014). We believe
that this common rule also applies to the sharing behavior
of debunking information. Hence, the following hypothesis is
proposed:

H2a: Debunking information with positive or negative
sentiment is shared more often than the sharing of
information with a neutral sentiment.

Regarding the influence of positive and negative emotions
on information-sharing behavior, some studies have shown
that content that conveys positive emotions receives more
attention and triggers higher levels of arousal, which can
further influence feedback and social sharing behavior
(Kissler et al., 2007; Berger, 2011; Bayer et al, 2012; Dang-
Xuan and Stieglitz, 2012; Stieglitz and Dang-Xuan, 2013;
Zollo et al, 2017). Therefore, we propose the following
hypothesis:

H2b: Debunking information with a positive sentiment is
shared more often than that with a negative sentiment.
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MATERIALS AND METHODS

Data Collection

We chose Sina Weibo because of its popularity in China and
its unique “repost” feature as a powerful mechanism for sharing
information (Pulido Rodriguez et al., 2020). In the context of Sina
Weibo, users first post the original post-debunking information
(information used to debunk misinformation). The original post
is then disseminated to a new set of audience through re-
posting, thus achieving the purpose of sharing and spreading the
debunking information.

Through the Zhiwei Data Sharing Platform (Zhiwei Data,
China) with Sina Info’s Enterprise Interface API, we collected
data from posts on Sina Weibo between January 2020 and June
2021, carrying rumors that were eventually proven to be false. The
three most widely spread rumors were as follows:

1. The Dragon Boat Festival, held by the University
of Electronic Science and Technology (UESTC), was
thought to invite Chinese female students to accompany
international male students. This was later confirmed to be
false information.

2. Mr. Yuan Longping was thought to have died while he
was still receiving treatment in the hospital; this was later
confirmed to be false information.

3. COVID-19 “Patient Zero” was thought to be a graduate
student at the Wuhan Institute of Virology, which was later
confirmed to be false information.

The dataset contained 4,586 original microblogs (489 posts about
“UESTC,” 3 190 posts about “Yuan Longping,” and 907 posts
about “Wuhan Institute of Virology”).

Identification of Rumors and Debunking

Messages
We grouped the relevant microblogs into five categories in line
with Jung et al.’s (2020) classification. This included the following:

1. Rumor: false information is
doubt is expressed.

2. Debunking message: a rumor is denied, or a correction
is published, the rumor is corrected in the post itself or
through a linked article.

3. Uncertainty about rumor: the rumor is published, but
it is questioned.

4. Uncertainty about debunking message: the debunking
message is published, but it is questioned.

5. Others: jokes, unclear statements, and opinions.

published, no

We used manual tagging to filter the debunking information
from the collected posts. First, three researchers in the field
of social media (two Ph.D. students and one expert from
Zhiwei Technologies Ltd.) annotated the 4,586 posts. We then
used Cohen’s Kappa to ensure that the annotation scheme was
consistent and valid. Next, we excluded rumor, uncertainty about
debunking message, and others (1, 4, and 5 in the classification
above), while retaining debunking message and uncertainty about

rumor (2 and 3 above). Finally, 1,196 pieces of debunking
information (including 304 of the UESTC, 447 of Yuan Longping,
and 445 of the Wuhan Institute of Virology) were obtained.

Identification of Account Roles and

Debunking Message Types
Mirbabaie et al. (2014) identified five main backgrounds that
debunkers may belong to. These included the following:

. Emergency service organizations.

. Media organizations (including journalists and bloggers).

. Political groups and unions.

. Individuals (political
personal involvement).

5. Business organizations.

W N =

engagement or

In this study, some adjustments were made to this classification
method to consider microblog authentication types. The
authenticated accounts were further divided into three categories:

1. Government
2. Media
3. Celebrity

Thus, debunkers were finally classified into the following four
categories:

1. Ordinary accounts

2. Celebrity accounts

3. Media accounts

4. Government accounts

Three researchers examined the account types of debunkers
for 1,196 debunked messages and ensured a consistent tagging
scheme through Cohen’s Kappa.

Sentiment Analysis

Sentiment analysis is a popular technique that is used to detect
positive, neutral, or negative emotions from text. In this case,
we sought to detect these emotions in social media content.
For example, there are several algorithms specifically designed
for short informal texts (Paltoglou and Thelwall, 2010; Hutto
and Gilbert, 2014). Among these emotion analysis algorithms,
Sentistrength is a promising one. The algorithm assigns positive
ST(t) and negative S™(f) emotion scores to each piece of
information and uses a single index to capture their polarity. That
is, the emotional value S(t) is defined as the difference between
positive and negative emotion scores.

However, there are some defects in the current emotion
analysis methods for information on social media. The defects
could decrease the accuracy of classification. For instance, the
accuracy of Sentistrength in capturing positive emotions is only
60% (Ferrara and Yang, 2015). This may be caused by several
factors, for example, the informality of the network text and the
ambiguity of the same words used under different backgrounds.
To overcome these shortcomings, this study calculated positive
and negative emotionally charged words in each text based
on the improved emotional dictionary. It took the difference
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between the two as the final emotional tendency. To calculate the
emotional value, we used the following equation:

$G) =S8() - (),

where S(i) indicates the emotional value; ST(i) indicates the
number of positive emotional words in the article I; and
S7(i) indicates the number of negative emotional words in the
article i.

We used the National Taiwan University Simplified Chinese
Dictionary and the Simplified Chinese Emotion Dictionary of
Taiwan University and made the following amendments to the
dictionary based on the characteristics of each rumor.

1. Emotional symbols play an important role in emotional
expression. We thus converted the emotional symbols
in the text into machine-recognizable words and
incorporated them into the emotional value calculation.

2. For different rumors, we randomly selected one-third
of the texts, analyzed their expression characteristics,
and added words with obvious satire and ridicule
to the dictionary.

3. When debunking a rumor, it is necessary to first describe
it. In this context, the emotional words in the rumor
cannot represent the emotional tendency of the debunking
information. Therefore, we made some adjustments. The
emotional words in the original rumor were not calculated
as the emotional value of the debunking information.
Based on the above improvements, we used Python
to calculate the emotional polarity of each text and
labeled it as positive, middle, or negative according to its
emotional polarity value.

RESULTS

Preliminary Analysis
All statistical analyses were performed using Stata version 16.1.
Samples 1, 2, and 3 represent rumors 1, 2, and 3, respectively.
The sample number, mean, standard deviation, and maximum
and minimum values of the major variables in the three rumor
samples are shown in Table 1.

The preliminary basic statistics of sample 1 revealed 304
observations, and the average number of reposts was 9,586. The
proportions of celebrities, media, and government accounts were
27.3,15.1, and 4.6%, respectively. Positive emotion accounted for
34.9%, and negative emotion accounted for 2.3% of the sample.
In sample 2, there were 447 observations, and the average number
of reposts was 40,497. The proportions of celebrities, media, and
government accounts were 28.0, 12.5, and 2.0%, respectively, and
the proportions of positive and negative emotions were 80.5 and
5.1%, respectively. In sample 3, there were 445 observations,
and the average count of reposts was 6,865. The proportions of
celebrities, media, and government accounts were 22.7, 65.8, and
3.8%, respectively, and the proportions of positive and negative
emotions were 8.3 and 38.2%, respectively.

TABLE 1 | Descriptive statistics of the major variables.

Sample Variable Obs Mean Std. Dev. Min Max
Sample 1 Y 304 9.586 79.99 0 1,240

acl 304 0.273 0.446 0 1

ac2 304 0.151 0.359 0 1

ac3 304 0.046 0.21 0 1

s1 304 0.349 0.477 0 1

s2 304 0.023 0.15 0 1

Fol 304  1212264.9 6892123.9 2 1.03E4-08
Sample 2 Y 447 40.497 283.375 0 4,625

act 447 0.28 0.449 0 1

ac2 447 0.125 0.331 0 1

ac3 447 0.02 0.141 0 1

s1 447 0.805 0.396 0 1

s2 447 0.051 0.221 0 1

Fol 447 2091211.9  9602701.3 0 1.08E+08
Sample 3 Y 445 6.865 66.674 0 1,088

act 445 0.227 0.419 0 1

ac2 445 0.658 0.475 0 1

ac3 445 0.038 0.192 0 1

s1 445 0.083 0.276 0 1

s2 445 0.382 0.486 0 1

fol 445 5442990.3 13975008 1 1.20E4-08
Y represents the number of reposts.
acl-ac3 represent celebrity-, media-, and government-type accounts,

respectively, 0 or 1.
s1 and s2 represent negative and positive sentiment, respectively, O or 1.
Fol represents the number of followers.

Mediation Model Testing

We used the bootstrap approach to test for mediating effects.
The bootstrap test is one of the coeflicient product tests among
the mediating effect tests. It was the most common mediating
effect test at the time of this study. It is based on the theoretical
concept of standard error, which treats the large-size sample
as the total and conducts put-back sampling to obtain a more
accurate standard error (Biesanz et al., 2010). The independent
variable is the type of account (divided into ordinary, celebrity,
media, and government), which is a four-category independent
variable. The mediating variable was the number of followers,
and the dependent variable was the number of reposts. Since
dependent variables take a wide range of values, they can be
treated as continuous variables.

Using the ordinary account-type as reference, we examined
the mediating role of follower count between celebrity,
media, and government accounts and the number of reposts
(Fang et al., 2017).

A number of factors influence the sharing behavior, such as
text sentiment, message tagging, whether it contains a URL,
whether it contains an image, and whether it contains a video
(Stieglitz and Dang-Xuan, 2013; Ruths and Pfeffer, 2014; Ferrara
and Yang, 2015; Brady et al., 2017; Howard et al., 2018; Lazer
et al,, 2018). Unlike regular information, debunking information
has its own characteristics. Some studies have shown that the
more quickly a rumor is debunked, the more effective the
debunking was (Jung et al, 2020). Therefore, we added the
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FIGURE 1 | The mediation mode. a x b represents the value of the indirect effect (which is the value of ind_eff in Table 2), ¢ represents the value of the direct effect
(which is the value of dir_eff in Table 2). For example, in Sample 1, the indirect effect a1 x b of the celebrity-type account on the number of reposts is
ind_eff = 0.457 and is significant at the 1% level, and the direct effect c1 is dir_eff = 0.054 and is not significant.

Reposts

delay in posting the debunking information as a control variable.
Additionally, we included the following variables as control
variables: text sentiment, whether the message contained a tag,
whether the message contained a URL, whether the message
contained an image, and whether the message contained a video.
The mediation effect model is shown in Figure 1.

Table 2 shows the results of the mediation effects test using the
bootstrap approach for the three rumor samples.

In sample 1, the relative direct effects of the three account
types—celebrity, media, and government—on the number of
reposts were not significant. The relative indirect effects on the
number of reposts were significant (al x b = 0.457, p < 0.01;
a2 x b=10.634, p < 0.01;a3 x b=0.289, p < 0.01). In sample 2,
the relative direct effects of the three account types on the number
of reposts were not significant. The relative indirect effects on the
number of reposts were significant (al x b = 0.604, p < 0.01;
a2 x b=1.137,p < 0.01; a3 x b = 0.845, p < 0.01). Thus, in
samples 1 and 2, the mediating effect of follower count on the
relation between the three types of accounts—celebrity, media,
and government—and number of reposts was significant, using
the ordinary account type as reference. In sample 3, the relative
direct effect of the three account types on the number of reposts
(cl’ = -0.52, p < 0.01; 2’ = -0.711, p < 0.01; ¢3’ = -0.671,
p < 0.01) was significant, and the relative indirect effect on the
number of repost (al x b = 0.797, p < 0.01; a2 x b = 0.996,
p < 0.01; a3 x b = 0.634, p < 0.01) was also significant, and
the indirect and direct effects are shown as opposite signs. In
sample 3, the suppression effect of follower count between the
three types of accounts and the number of reposts was significant,
using the ordinary account type as reference. Suppression means
the total effect was masked when indirect and direct effects were
significant and opposite (MacKinnon et al., 2002; MacKinnon,
2008).

Therefore, we can conclude that the number of followers plays
a mediating, or a suppressive, role between the three account
types (celebrity, media, and government) and the number of
reposts when the ordinary account type is used as the reference
level. Thus, H1 was verified.

TABLE 2 | Results of bootstrap.

Var  Effect Coef. S.E. z 95% CI (BC)

Samplet act ind_eff 0.457 0.133 3.43 [0.244, 0.784]
dir_eff 0.054 0.149 0.36 [-0.224, 0.342]

ac2  ind_eff 0.634 0177 3.58*** [0.338, 1.070]

dir_eff 0.181 0.26 0.69 [-0.305, 0.715]

ac3  ind_eff 0.289 0.105 2.75"* [0.142, 0.584]

dir_eff 0.392 0.312 1.26 [-0.150, 1.079]

Sample2  act ind_eff 0.604 0.13 4.66"* [0.387, 0.908]
dir_eff  -0.196  0.105 -1.87 [-0.410, 0.004]

ac2  ind_eff 1137 0.25 4.54*** [0.687, 1.701]

dir_eff 0.695 0.397 1.75 [-0.055, 1.525]

ac3  ind_eff 0.845 0.242 3.49" [0.438, 1.448]

dir_eff 0.009 0.673 0.01 [-1.149, 1.552]

Sample3  act ind_eff 0.797 0177 451 [0.515,1.213]
dir_eff -0.52 0.205 —2.54* [-0.972, -0.173]

ac2  ind_eff 0.996 0.215 4.63*** [0.631, 1.487]
dir_eff  -0.711 0.201 -3.54***  [-1.146, -0.343]

ac3  ind_eff 0.634 0.166 3.83"* [0.360, 1.012]
dir_eff  -0.671 0.244  -2.75"**  [-1.132,-0.173]

“*p < 0.01; *p < 0.05; "p < 0.1.
ac1-ac3 represent celebrity-,
respectively, 0 or 1.

ind_eff represents the value of the indirect effect.
dir_eff represents the value of the direct effect.

media-, and government-type accounts,
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Regression Analysis

Negative Binomial Regression Analysis

To test H2a and H2b, which state that debunking information
with emotional overtones (positive or negative) receive more
reposts than neutral messages and that debunking information
with positive sentiment is shared more often than those
with negative sentiment, respectively, the following variables
were constructed: as the dependent variable, the amount of
reposted debunking information; as the independent variable, the
emotional polarity of the debunking information.

We included the following as control variables: whether the
account was certified, whether the message contained a tag,
whether the message contained a URL, whether the message
contained an image, whether the message contained a video, and
the time difference between rumor and debunking information.

We used a regression model to test H2a and H2b. As our
dependent variable represented the number of reposts of one
piece of information, which was a non-negative integer, and the
variance of the number of times it was forwarded in the three
samples was far greater than the mean value, as shown in Table 1,
we used a negative binomial regression model for all the three
samples. The results are shown in Tables 3-5.

The regression results showed that in sample 1, both negative
and positive sentiments had a positive effect on the reposting
of information compared to a neutral sentiment (positive:
coef = 2.289, SE = 0.592, p < 0.01; negative: coef = 0.751,
SE = 0.434, p < 0.1). Moreover, we observed that the coefficient
of positive sentiment was 3.05 times higher than that of
negative sentiment. These results demonstrate that positive or
negative debunking information had a higher number of reposts,
compared to neutral sentiment, and that positive sentiment had

TABLE 3 | Negative binomial regression results: sample 1.

y Coef. S.E. t-value 95% CI

s1 751 0.434 1.73* [-0.101, 1.602]
s2 2.289 0.592 3.86"* [1.128, 3.45]
d_std -0.766 0.184 416" [-1.127, -0.405]
Infol 0.214 0.06 3.59** [0.097, 0.331]
ac 0.758 0.503 1.51 [-0.227,1.743]
url 1.349 0.749 1.80* [-0.118, 2.817]
tag 2.045 0.617 3.32** [0.836, 3.254]
pic 1.659 0.458 3.63** [0.762, 2.556]
vid -0.49 0.671 -0.73 [-1.804, 0.824]
Constant -5.002 0.742 -6.74"* [-6.457, -3.548]
Inalpha 1.898 0.179 [1.548, 2.249]
Mean dependent var 9.586 SD dependent var 79.990
Pseudo r-squared 0.138 Number of obs 304
Chi-square 148.790 0.000

*p < 0.01; *p < 0.05; *p < 0.1.

s1 and s2 represent negative and positive sentiment, respectively, O or 1.

d_std, Infol, ac, url, tag, pic, and vid are all control variables, where d_std represents
the standardized delay in posting the debunking information.

Infol represents the number of followers after taking logarithms.

ac represents whether the account is authenticated, O or 1.

url represents whether the message include URL, O or 1.

tag represents whether the message include tag, O or 1.

pic represents whether the message include pictures, 0 or 1.

vid represents whether the message include video,0 or 1.

TABLE 4 | Negative binomial regression results: sample 2.

y Coef. S.E. t-value 95% ClI

s1 1.738 0.455 3.82"* [0.847, 2.63]
s2 2.377 0.74 3.21 [0.926, 3.828]
d_std -0.902 0.212 —4.26™* [-1.317,-0.487]
Infol 0.747 0.07 10.65*** [0.61, 0.885]
ac -0.051 0.586 -0.09 [-1.199, 1.097]
url -0.738 0.471 -1.57 [-1.662, 0.186]
tag -0.333 0.63 -0.53 [-1.567, 0.902]
pic -0.197 0.463 -0.42 [-1.105, 0.711]
vid -1.022 0.623 -1.64 [-2.244,0.2]
Constant -8.361 0.932 -8.97* [-10.188, —-6.533]
Inalpha 1.852 0.136 [1.585,2.119]
Mean dependent var 40.862 SD dependent var 284.628
Pseudo r-squared 0.188 Number of obs 447
Chi-square 484.377 0.000

“*p < 0.01; *p < 0.05; "p < 0.1.

s1 and s2 represent negative and positive sentiment, respectively, O or 1.

d_std, Infol, ac, url, tag, pic, and vid are all control variables, where d_std represents
the standardized delay in posting the debunking information.

Infol represents the number of followers after taking logarithms.

ac represents whether the account is authenticated, O or 1.

url represents whether the message include URL, O or 1.

tag represents whether the message include tag, O or 1.

pic represents whether the message include pictures, 0 or 1.

vid represents whether the message include video, O or 1.

a boosting effect on the number of reposts in sample 1. In sample
2, we repeated the process above. The results from sample 2
were similar to those from sample 1. Specifically, both positive
and negative sentiment received more reposts, relative to neutral
sentiment (positive: coef = 2.377, SE = 0.74, p < 0.01; negative:
coef = 1.738, SE = 0.455, p < 0.01). The coeflicient value of
positive sentiment was observed to be 1.37 times higher than
negative sentiment. In sample 3, the facilitation effect of positive
or negative sentiment on information forwarding, relative to
neutral sentiment, remained significant (positive: coef = 0.942,
SE = 0.592, p < 0.05; negative: coef = 2.526, SE = 0.786,
p < 0.01). However, unlike samples 1 and 2, we found that the
coeflicient of positive sentiment was 0.373 times higher than the
coefficient of negative sentiment; that is, negative sentiment had a
greater impact than positive sentiment on the sharing behavior of
debunking information. Therefore, H2a was accepted, while H2b
was not accepted.

Model Robustness Tests

We further corroborated our findings by excluding alternative
explanations and checking for robustness and consistency in
a number of ways.

First, there may be concerns about the potential presence of
heteroscedasticity, which could bias the standard errors of the
estimates. Therefore, we used heteroscedasticity robust standard
errors in all models.

Second, we checked the robustness of our findings using
different models. We re-estimated using OLS and obtained
results that were consistent with those in Table 2.

Finally, we investigated whether our findings were robust
under different combinations of control variables. Therefore, we
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TABLE 5 | Negative binomial regression results: sample 3.

y Coef. S.E. t-value 95% CI

s1 2.526 0.786 3.21" [0.986, 4.065]
s2 0.942 0.438 2.16" [0.083, 1.801]
d_std -.664 0.224 —2.97" [-1.108, -0.226]
Infol 0.67 0.091 7.37* [0.492, 0.848]
ac —2.638 1.12 —-2.36"" [-4.833, -0.443]
url -0.098 0.403 -0.24 [-0.889, 0.693]
tag 1.032 0.381 271" [0.285, 1.78]
pic -0.388 0.366 -1.06 [-1.1086, 0.33]
vid 0.117 0.112 1.04 [-0.108, 0.337]
Constant -7.319 1.011 —7.24** [-9.3, -5.337]
Inalpha 2.162 0.136 [1.894, 2.429]
Mean dependent var 6.865 SD dependent var 66.674
Pseudo r-squared 0.101 Number of obs 445
Chi-square 98.614 0.000

*p < 0.01; *p < 0.05; "p < 0.1.

s1 and s2 represent negative and positive sentiment, respectively, O or 1.

d_std, Infol, ac, url, tag, pic, and vid are all control variables, where d_std represents
the standardized delay in posting the debunking information.

Infol represents the number of followers after taking logarithms.

ac represents whether the account is authenticated, O or 1.

url represents whether the message include URL, O or 1.

tag represents whether the message include tag, O or 1.

pic represents whether the message include pictures, 0 or 1.

vid represents whether the message include video, O or 1.

added gender and text length as new control variables and found
that the results obtained in Table 2 were consistent.

In summary, all tests indicate that our findings are
robust and consistent.

Model Endogeneity Issues
The endogeneity of the model is not a serious problem owing to
several reasons:

1. The independent and dependent variables have a clear
chronological order, with the message being shared first
and the reposts after, with no reverse causality.

2. The independent variable, text sentiment, is determined
by the information publisher, while the dependent variable
is determined by the forwarder, making it more difficult
to have a third variable that affects both simultaneously,
leading to pseudo-causality.

3. The use of data from the same sample in the same
regression model prevents the appearance of factors that
may affect both independent and dependent variables
owing to the character of the rumor topic.

DISCUSSION

Discussion of the Results

First, using the ordinary account type as the reference, we
observed a significant mediating or suppression effect of
followers between the three types of accounts (celebrity, media,
and government) and sharing behavior. In all the samples, these
three account types had a significant positive effect on the number
of reposts through the number of followers. The debunker’s
identity did not promote the sharing of debunking information
while controlling for mediating variables. Information was shared

to meet certain needs, and these needs motivated sharing
the information in line with Tellis et al’s (2019) findings.
According to the hierarchical theory of needs, the lower the
level of a need, the greater the effort of an individual paid for
satisfying the need (Maslow, 1943, 1970, 1987). Specifically, in
samples 1 and 2, the relative indirect effect of follower count
between the three account types and sharing behavior was
significantly positive, while the relative direct effect of account
type on the number of reposts was not significant. Regarding
rumor propagation in samples 1 and 2, people’s needs, such as
socialization and entertainment, fell in the belongingness level of
Maslow’s hierarchy of needs. In this context, users did not invest
much energy in debunking information. The direct effect of the
debunker’s identity on sharing behavior was not significant. We
believe that this was largely due to the oversight of sources—
the information presented on social media was different from
traditional media platforms.

In traditional media (e.g., TV news, newspapers, and
news websites), the audience knows about the source of the
information before they view the content. This affects how the
audience treats the subsequent information. However, on social
media, users do not choose a source of news. They get cocktails
of stories from several different sources containing posts shared
by friends, articles from sources the users have read before, and
articles from sources users have not chosen. These posts could
be real or fake, with the intention of deliberately influencing
users’ opinions and actions (Kim and Dennis, 2019). Moreover,
some studies suggest that the current design of social media
platforms—where users present their immediate feedback after
quickly scrolling through formal news or emotional content—
may block people’s minds from thinking about additional factors,
such as the reliability of the source. This influences users’ sharing
behavior (Pennycook et al., 2021). Thus, when the information
meets the needs of the user, the confusing source of debunking
information combined with the unique way in which users
navigate information on social media will cause the user to focus
primarily on the information. This could mean that the source
has less influence on the sharing behavior.

In sample 3, the relative indirect effect of follower count
between the three account types and sharing behavior was
significantly positive, and the relative direct effect of account type
on the number of reposts was significantly negative. We believe
that this was due to the unique context of the rumor in sample
3. Unlike the circumstances of rumors in samples 1 and 2, in
the context of a sudden public crisis, such as the COVID-19
outbreak, people’s needs are concentrated at the physiological and
safety needs levels. These are more powerful than belongingness
needs and above. Hence, people would invest more energy
in debunking information, leading to increased attention to
sources of information. However, some studies suggest that when
denied rumors were later proved to be factual information, users
would reduce their trust in similar denials in the future (Wang
and Huang, 2021). Users’ beliefs about the information itself
(i.e., confirmation bias) affect their perception of the source
(Tormala et al., 2006, 2007). During the spread of the rumor
regarding the Wuhan Institute of Virology, the early false denial
of COVID-19 created distrust in the so-called “authoritative
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channels.” Here, the special identity of the debunker (celebrity,
media, and government) becomes a hindrance to the sharing
of debunking information. Thus, to increase the forwarding of
debunking information on social media, the first step is to expand
the potential audience—that is, the number of followers—rather
than emphasizing the debunker’s identity, which is commonly
treated as a crucial factor.

Second, we found that debunking information with positive
or negative emotions was forwarded more frequently than that
with neutral emotions. This was consistent with previous studies
that demonstrated the role of emotion in information diffusion
(Bell et al.,, 2001; Huffaker, 2010; Berger and Milkman, 2012;
Milkman and Berger, 2014). Our research confirmed that this
finding also applies to the sharing of debunking information. Our
findings were different from the findings of Ferrara and Yang
(2015) and Zollo et al. (2017), who reported that information with
positive sentiment always received more reposts. We found that
it was not certain that information with positive emotions would
always be shared more than that with negative emotions. We
found that debunking information that was laced with negative
emotions could be shared more: for example, in samples 1
and 2, positive emotions played a greater role, while in sample
3, negative emotions played a greater role. When users read
the information, the emotion in it is perceived by them in
two ways. One is perception of the emotion expressed by the
debunking information, and the other is formed by the people’s
first impression of the subject of the rumor. The subjects of
the three rumors in this study were the UESTC, Mr. Yuan
Longping, and the Wuhan Institute of Virology. UESTC is a
prestigious university in China, and Mr. Yuan Longping is a
world-renowned expert in hybrid rice, but Wuhan Institute of
Virology has a negative public reputation owing to some previous
mishaps, such as the widespread mistrust caused by its fake
announcement that “Shuanghuanglian” could treat COVID-19.
The bias effect indicates that when people subjectively support
a certain point of view, they tend to search for information that
supports it as well and ignore the opposing view. The bias effect
will cause an anchoring effect; that is, people prioritize their
first impression while making decisions or judgments. Therefore,
we believe that the first impression of the subjects in rumors
may affect the forwarding behavior of information containing
different emotional tendencies. When people perceive that the
image of the subject tends to be positive, debunking information
containing positive emotions such as blessings, encouragement,
and praise conforms to people’s first impression of the subject
and is easily recognized and forwarded. When the subjects
image tends to be negative, it is difficult to obtain people’s
trust for the debunking information that expresses positive
emotions due to the bias effect. People may tend to repost
information that contains negative sentiments such as warnings,
condemnation, and mockery of the person who posted the rumor.
It would be interesting to empirically test this hypothesis in
future studies. The positive correlation between emotion and
forwarding frequency of debunking information has highlighted
the significance of using emotional expression for debunking
information to obtain more reposts. Further consideration of the
use of positive or negative sentiment in a particular situation
may be required.

Implications

From a theoretical perspective, this study provides a conceptually
grounded and empirically tested mediation model and a negative
binomial regression model to explain the influence of a
debunker’s identity and the emotional content in the message on
the sharing behavior of debunking information on social media
(Sina Weibo). It attempts to bridge a gap in research on the
behavior of debunking information on social media.

From a practical perspective, the study has important
implications for Chinese social media. It is especially useful
to agencies involved with emergency response agencies for
its insights on the packaging and management of debunking
information on social media, for wider reach and expanded
impact. From the perspective of “who”—the debunkers
identity—previous research found that the source of an article
affected the extent to which readers trusted it. This in turn
influences users’ engagement with the article (they may, for
example, decide to read, like, comment, and share). However,
the finding was based on laboratory experiments, which
might have generalizability issues in the real world (Kim and
Dennis, 2019). In this study, we used actual data to test the
hypotheses. We followed actual acts of sharing of real data
on social media. After controlling the mediating variables
(number of followers), we found that the identity of the debunker
did not improve the sharing behavior. This may be due to
the unique way in which information is presented on social
media. The implications for those involved with emergency
services are that when debunking information on social media,
expanding the audience and engaging the public are the most
reliable focal points.

Second, from the perspective of “what”—the content of
debunking information—the emotional value of the message
will influence the extent to which it is shared (Brady et al,
2017). We found that information that was laced with emotional
value always received more reposts. This finding has implications
for the content generation of debunking information. Those
involved with debunking rumors on social media will benefit
from this finding. While the finding on emotional messaging
is not novel, we have confirmed its value in debunking rumors
on social media.

Limitations and Future Directions

This study has some limitations. First, our analyses were based
on data from only three rumor spreads, which may raise the
issue of overgeneralization, However, given that Weibo is a very
popular social media platform and the rumors we selected were
widespread, the issue the findings pass the test of generalization.
Future studies could, however, validate the findings further.
Second, only one of the three rumors involved a sudden public
crisis event. Accordingly, the impact of the debunker’s identity
on the sharing behavior in a sudden public crisis event requires
further in-depth research. For example, using the ordinary
account as a reference, it remains to be seen in what scenarios
the number of followers has a mediating effect and in what
scenario it has a suppression effect. Finally, this study did not
investigate the reasons for the different effects of the same
affective polarity (positive or negative) on sharing behavior in the
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context of different rumors. Future research could focus on the
underlying reasons for the variability in the mechanisms by which
emotions influence sharing behavior in different contexts.

CONCLUSION

This manuscript advances research on debunkers’ identity
and information sharing behavior through the number of
followers as a mediating variable. Related to this is how
emotions in debunking information affect reception of the
message and message sharing. It makes useful contribution for
strategic consideration by those involved with debunking rumors
on social media.
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The coronavirus disease 2019 (COVID-19) pandemic has exposed various weaknesses
in national healthcare systems across the globe. In Japan, this includes the inability to
promptly mobilize the resources needed to provide inpatient care in response to the
rapidly increasing number of patients. Combined with unclear entry points to healthcare,
particularly in emergency cases, this has led to a situation in which access to healthcare
is rapidly deteriorating. This study examined problems in Japan’s healthcare delivery
system. While Japan’s healthcare resources (e.g., hospital beds and medical personnel)
are comparable to those found in other high-income countries, progress has been slow
in securing beds for COVID-19 patients. In addition, the number of beds has only
recently reached the levels seen in Western countries. Factors related to slow resource
allocation include dispersed existing medical resources (mainly in the private sector),
the lack of collaboration mechanisms among private-dominant healthcare providers
and public health agencies, an inadequate legal framework for resource mobilization,
the insufficient quantification of existing resources, and undesignated entry points to
healthcare systems. To better prepare for future disasters, including the next wave of
COVID-19, Japan urgently needs to restructure its legal framework to promptly mobilize
resources, accurately quantify existing resources, introduce coordination mechanisms
with functional differentiations among all community stakeholders, and clearly designate
entry points to healthcare.

Keywords: disaster medicine, private sector, preparedness, pandemic (COVID-19), healthcare system

INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic has forced countries around the world to
respond with the full extent of their respective healthcare abilities, especially to handle surges in
the number of patients. This has highlighted various organizational differences between systems.
For example, in the United Kingdom (UK), the command-and-control mechanism of its public
healthcare system was employed to mobilize existing resources (e.g., reorganizing healthcare
provisions by minimizing routine services); meanwhile, the National Health Service contacted
private hospitals to secure block-bought hospital beds, thus increasing the overall capacity to treat
COVID-19 patients (1). In the United States (US), various partnerships among public agencies and
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private-dominant  healthcare providers have
functioned to handle similar issues (2, 3).

In contrast, Japan’s healthcare system only achieved slow
progress in reallocating the medical resources needed to deal with
the surge of COVID-19 patients (4). This is not because there
has been less disease spread in Japan, as the reported number is
unreliable due to limited testing, rather, issues have likely arisen
due to a combination of structural issues in the healthcare system
and insufficient preparedness in effectively appropriating existing
resources in cases of emergency. In this regard, reports have
shown that an increased number of patients were waiting for
hospitalization during the fifth wave of the pandemic in Tokyo,
as of August 2021 (5). Consequently, many of these individuals
had to receive treatment at home and not a few at-home deaths
were reported (4).

Thus, the pandemic has exposed critical weaknesses in Japan’s
healthcare system, many of which were masked by previous
achievements, including one of the best populational health
statuses in the world at a relatively low cost (6, 7). The nation
must quickly address problems that have become clear due to
COVID-19, both to improve the delivery of health services under
normal conditions and prepare for other pandemics and disasters
that may arise in the future. As such, this paper tries to clarify and
discuss specific problems in Japan’s healthcare delivery system,
particularly as compared to situations in the UK and US.

efficiently

CONTEXT: JAPAN’S HEALTH SYSTEM

Japan’s healthcare system can be described as an entity with
various similarities to the systems employed in the UK and US;
in other words, it is somewhere in between these systems. For
example, health service facilities are mostly privately owned, as
is the case in the US system (Table 1) (8). Leaving healthcare
delivery to the private sector may improve physical access
to healthcare services, with a larger number of hospitals
than both the UK and US at a relatively low cost to the
government. On the other hand, health financing is accomplished
through a public health insurance system that covers the entire
population, as is done in the UK system, although the UK
system differs in that it is tax-based. Here, insurance coverage
has ensured service provisions at official prices, even in private
hospitals, which may substantially reduce the financial barriers
to healthcare services (7).

Including the number of physicians and nurses per capita,
Japan’s healthcare resources are comparable to those found in
the UK and US; even further, the number of hospital beds
per capita is much higher than in the UK and US (Table 1).
This relatively large number of hospital beds is likely the
result of underdeveloped role differentiation for inpatient beds.
Physician-to-bed and nurse-to-bed ratios are quite low in Japan,
showing that a large proportion of beds are used for long-term
care, which requires fewer human resources than acute care. The
actual number of acute care (curative) beds should be smaller
than that shown in Table 1, but this information is not available
in the statistical data.

TABLE 1 | Hospitals, hospital beds, COVID-19 patients, and bed occupancies in
Japan, the UK, and the US.

Japan? UK use
Population (millions) 126 66 327
All hospitals (n) 8,300 1,978 6,146
Publicly owned hospitals (n) 1,524 1,978 1,421
Proportion in all hospitals 18.4% 100.0% 23.1%
Total hospital beds (n) 1,620,040 162,723 924,107
Per 1,000 population 12.8 2.4 2.8
Curative beds? (n) 977,048 - 802,927
Per 1,000 population 7.7 - 2.5
Publicly owned beds (n) 442,741 162,723 197,865
Per 1,000 population 3.5 2.4 0.6
Physicians (n) 315,406 203,529 866,316
Per 1,000 population 2.49 2.95 2.64
Nurses (n)® 1,487,444 567,803 3,923,300
Per 1,000 population 11.76 8.45 11.79
Physician-to-bed ratio (total 0.2 1.3 0.9
hospital beds)’
Nurse-to-bed ratio (total hospital 0.6 3.16 2.93
beds)
Maximum daily new confirmed 23,083 59,829 251,085
cases?

Per one million population? 183 877 754
Maximum daily tests performed” 135,173 1,303,126 1,909,168
Per 1,000 population” 1.07 19.11 5.74
Maximum daily hospital bed 24,488 39,254 133,210

occupancy'
Proportion in curative beds 2.5% 24.1% 16.6%
Per one million population! 194 576 400

Data source: healthcare resource data were obtained from OECD (8); COVID-19 data
were obtained from Our World in Data (9), except for Japanese data on hospital
occupancy, which were obtained from the Ministry of Health, Labour and Welfare
Japan (10).

4Japanese data on hospitals and beds were available for 2019. Excluding psychiatric
hospitals, there were 7,246 hospitals and 1,374,988 hospital beds. The data on physicians
and nurses were from 2018, while those for the nurse-to-bed ratio were from 2017.
bUK data (estimated number) on hospitals was from 2019, while those on hospital beds
were from 2020. The data on physicians, nurses, and nurse-to-bed ratios were from
2020 (estimated).

CUS data on hospitals and hospital beds were from 2018. The data for physicians were
from 2019, while those for nurses were from 2020, and those for the nurse-to-bed ratio
were from 2018.

9Curative beds in Japan have various functions (beds for the acute phase, recovery phase,
and rehabilitation).

eNumber of practicing nurses for Japan and the UK; and that of professionally active
nurses for the US.

"These figures were calculated based on the numbers of physicians and beds (Japanese
and the US data were in 2018, and UK data was in 2020).

9Data were obtained from Our World in Data (9). These are 7-day rolling averages. The
data were from August 25, 2021 in Japan, January 9, 2021 in the UK, and January 8,
2021 in the US.

"Data were obtained from Our World in Data (9). These are 7-day rolling averages. The
data were for August 30, 2021 in Japan, March 21, 2021 in the UK, and November 25,
2020 in the US.

The data are from September 1, 2021 in Japan, January 18, 2021 in the UK, and January
14, 2021 in the US. The Japanese data were obtained from the Ministry of Health, Labour,
and Welfare (10). UK and US data were obtained from Our World in Data (9).

IThe denominator for the UK data is the number of total hospital beds, assuming that the
beds in the UK are used for acute phase curative purposes.
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Compared to the UK and US systems, the most obvious
difference in Japan is the lack of gatekeepers. The Japanese
government has not assigned gatekeeper roles to primary
physicians, meaning that patients can freely choose which
medical facilities they wish to visit (i.e., a “free-access” system)
(7, 11). Consequently, role differentiations have not emerged
between hospitals and clinics; hospitals provide both ambulatory
and hospitalized care, although the government has recently
begun to introduce role differentiations (11). Among other
factors, the insurance system, free access, and large numbers of
hospitals and beds have created easy access to hospitalized care.

ACCESS TO HOSPITALIZED CARE FOR
COVID-19 PATIENTS

Japan’s healthcare system could not promptly meet the demands
for hospitalized care that emerged following the patient upsurge
created by the pandemic. As of September 1, 2021, reports from
the fifth wave in Japan (August to September 2021) showed
that the per capita number of maximum daily cases was only
around 20% of what was reported in the UK (Table 1) (9, 10).
However, this figure may be considerably underreported given
the extremely small number of administered tests. From the same
time period, Japan’s maximum per capita hospital bed occupancy
rate was only one-third of that shown in the UK and one-half of
that shown in the US. This may reflect insufficient bed allocations
rather than lower demands for hospitalized care, especially
given the long waiting lists for hospital admission. Compared
to numbers from the UK and US, a far lower proportion of
curative beds (only 2.5%) were allocated to COVID-19 patients,
although not all of these curative beds were actual acute care
beds, as mentioned above. Overall, access to hospitalized care has
worsened in Japan.

While gradual progress is being made in securing beds
for COVID-19 patients in high-demand areas, the rate of
improvement is too slow, as the number of available beds was
still insufficient. In Tokyo, the maximum hospital bed occupancy
was 4,218 as of September 1, 2021 (303 per million persons),
which is slightly closer to the US level. However, given that more
than 10,000 patients were on the waiting list for hospitalization
in August (5), the actual bed requirement at that time was
presumably two to three times higher (600-900 per million
persons), which is somewhat higher than the maximum level in
the UK (576 per million persons). Efforts have since continued
to increase the number of secured beds in Tokyo, eventually
reaching 6,583 (474 per million persons) as of September 8, 2021;
thus matching the level in the US (10).

In terms of hospital access, a unique problem was also revealed
in Japan’s ambulance system. That is, no hospital emergency
departments are designated as ambulance destinations. Rather,
ambulance crews perform triage at the scene, then select an
appropriate hospital based on the patient’s conditions. Upon
selection, crews must determine whether their patients will be
accepted by sending an inquiry to the hospital (12), which
may decline the patient based on its treatment abilities and
bed vacancies. In the pandemic context, the number of cases

requiring long inquiry processes greatly increased (12, 13). While
emergency departments in other countries tended to experience
overcrowding when large numbers of COVID-19 patients were
transported by ambulance, patients in Japan had to remain at the
scene for long periods of time while ambulance crews looked for
appropriate hospital destinations. Due to the insufficient number
of beds available for treating COVID-19, patients confirmed or
suspected of having COVID-19 may thus wait for hours in an
ambulance while still in front of their homes (14, 15).

IDENTIFYING THE PROBLEMS

Several characteristic features of Japan’s healthcare system have
complicated the ability to allocate resources and secure hospital
access during the pandemic. There are five main areas of concern.
First, the composition of mostly small- to medium-sized hospitals
has made efficient resource reallocation difficult; here, resources
are dispersed among these hospitals across communities. More
than 80% of private and 50% of public hospitals contain
<200 beds (Table2) (16). Further, these hospitals do not
employ experts in infectious disease or contain negative pressure
rooms. In addition, approximately 40% of the beds in hospitals
containing <200 are used for long-term care (16). As evident
from these data and the overall small staff-to-bed ratios (smaller
hospitals tend to have smaller ratios), the role of these hospitals
is to provide sub-acute to long-term care: they just cannot deal
with COVID-19 patients. Even with some abilities to provide
acute care, directors of these hospitals may have been reluctant
to accept COVID-19 patients by because of concerns about their
insufficient ability to manage severe cases, the possible reduction
of services to other diseases, and the risk of nosocomial infection
from hospitalized COVID-19 patients. A survey conducted by
the Ministry of Health, Labour and Welfare in January 2021
indicated that only 19.3% of private hospitals with acute care beds
and <200 total beds had hospitalized COVID-19 patients (17).

Second, Japan’s system is private-dominant and the
government cannot forcibly mobilize medical resources.
Most hospitals (79%) and clinics (96%) are owned by entities
in the private sector (Table2). Despite public subsidies, the
practice of hospitalizing COVID-19 patients resulted in large
revenue losses for many hospitals, which is a strong disincentive
among independently financed private hospitals with small
budgets (18). In addition, most national hospitals belong to
independent external agencies; the majority of public hospitals
are either small- to medium-sized or owned by independent
agencies or public service organizations such as the Japan Red
Cross Society and Japan Agricultural Cooperatives. Neither
the national nor local governments have the legal authority to
issue orders to hospitals that do not belong to them, and must
instead rely on requests. As an exception, prefectural governors
hold the legal authority to mobilize resources during major
disasters, as outlined in the Disaster Relief Law. However, they
cannot exercise this mechanism in the context of COVID-19, as
a pandemic is not legally defined as a disaster.

Third, the lack of coordination mechanisms and partnerships
among healthcare providers, public agencies, and local

Frontiers in Public Health | www.frontiersin.org

51

January 2022 | Volume 9 | Article 791182


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Nakahara et al. Japan’s Slow Response to COVID-19

TABLE 2 | Size of medical care facilities and bed types by ownership in Japan (2019).

National hospitals? Public hospitals® Private hospitals® Clinics®

Number of hospitals/clinics by hospital size®

Totalf 319 1,162 5,765 102,616
0 bed (n) - - - 95,972
Proportion - - - 93.5%
1-19 beds (n) - - - 6,644
Proportion - - - 6.5%
20-99 beds (n) 14 298 2,586 -
Proportion 4.4% 25.6% 44.9% -
100-199 beds (n) 50 284 2,051 -
Proportion 15.7% 24.4% 35.6% -
200-399 beds (n) 113 310 855 -
Proportion 35.4% 26.7% 14.8% -
400 or more beds (n) 142 270 273 -
Proportion 44.5% 23.2% 4.7% -
Number of beds by bed type

Total’ 125,533 301,461 857,169 90,825
General curative? (n) 116,886 273,222 497,739 82,943
Proportion 93.1% 90.6% 58.1% 91.3%
Tuberculosis (n) 1,773 1,635 962 -
Proportion 1.4% 0.5% 0.1% -
Infectious disease (n) 169 1,615 204 -
Proportion 0.1% 0.5% 0.0% -
Long-term care (n) 380 15,829 292,235 7,882
Proportion 0.3% 5.3% 34.1% 8.7%
Psychiatric (n) 6,325 9,260 66,029 -
Proportion 5.0% 3.1% 7.7% -

The data source was a medical facility survey conducted in 2019 by the Ministry of Health, Labour and Welfare (16).

aThis category includes not only hospitals directly affiliated with the Japanese government, but also those affiliated with independent administrative agencies under the jurisdiction of
the national government and affiliated with national universities.

bThis category includes local governments, health insurance organizations in the public sector, and public service organizations such as the Red Cross Society.

CThis category includes non-profit-oriented medical corporations and health insurance organizations in the private sector.

9Private sectors account for 96.0% of all clinics.

®Hospitals are defined as medical care facilities with 20 or more beds. Clinics can be equipped with fewer than 20 beds. Psychiatric hospitals were excluded.

Psychiatric hospitals were excluded.

9General curative beds are the remainder after excluding specialized beds (beds for infectious diseases, tuberculosis, long-term care, and psychiatric diseases); they are generally
categorized as hospital beds intended for various functions (beds for acute phase, recovery phase, and rehabilitation).

governments impedes efficient resource utilization during  cooperation mechanisms do not exist (such mechanisms as
public health emergencies. Japan’s hospital system has  wide-area patient transfer will be triggered in disasters but a
traditionally consisted of small- to medium-sized hospitals  pandemic is not legally defined as a disaster). Consequently,
that developed from clinics and provides self-contained  delays may occur when attempting inter-hospital or inter-
services on an independent basis (7). As such, functional jurisdiction transfers of COVID-19 patients. Particularly, delayed
differentiation and coordination are still relatively nascent.  transfer of recovering patients from tertiary to secondary care
Moreover, Japanese municipalities are primarily responsible  hospitals resulted in mismatches between patient severity and
for disaster responses, including medical care provisions, and  hospital function, thus exacerbating the existing supply-demand
must develop community disaster plans under the guidance imbalance in inpatient care.

of prefectural governments (19). However, there are currently Fourth, the lack of clearly designated entry points to the
no well-developed collaboration or coordination mechanisms  healthcare system has diminished access during the pandemic,
between municipal governments and healthcare facilities at  which is the flip side to the “free access” system. Whereas, there
the community level; in many cases, there are no clear role are no strict gatekeeper roles allowing patients to visit any facility
definitions or command systems for dealing with patient surges  they wish (11), patients are required to select appropriate facilities
(20). In addition, each municipality or prefecture is responsible ~ due to premature functional differentiation and the referral
for medical care in its jurisdiction, and inter-jurisdiction  network. At the beginning of the pandemic, many hospitals
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and clinics declined febrile patients because their facilities were
not appropriate entry points, meaning that patients should
have instead chosen locations that better fit their needs (21).
Although conditions are improving, many hospitals continue to
decline febrile patients who are being transferred by ambulance,
especially during surges of COVID-19 patients (5, 13). In such
cases, the patients themselves or ambulance crews must identify
facilities that will provide care to febrile patients. In general,
the “free-access” provision may entail far fewer entry points to
the healthcare system (at the discretion of providers) during
public health emergencies, thus creating a situation of “concealed
access.” As such, service users may find themselves desperately
searching for appropriate entry points (12).

Fifth, medical resources have not been accurately quantified,
which may result in incongruent policymaking. At 7.7 per 1,000
persons, Japan appears to have more curative beds per capita
than other countries. In reality, this may be an overestimation of
Japan’s total healthcare resources. Here, curative beds are those
which remain after excluding beds for other purposes (infectious
diseases, tuberculosis, psychiatry, and long-term care), meaning
beds for general usage (11); some are not used for acute care,
but are actually taken for rehabilitation or sub-acute care. The
number of curative beds designated for acute phase patients
should be smaller; a recent study estimated that there were
actually 3.3 per 1,000 persons, which may be more accurate (18).
The official statistics are likely inaccurate due to the insufficient
classification of beds. This has created a seemingly contradictory
situation in which a small number of beds are secured for
COVID-19 patients despite a large overall number of hospital
beds. Furthermore, mobilizing acute care beds for hospitalizing
COVID-19 patients resulted in minimizing or postponing other
health services, which may mean not only a lack of coordination,
but also an absolute lack of resources to deal with a public health
emergency while continuing regular services. These problems
point to the urgent need for accurate resource assessments.

DISCUSSION: PROPOSITIONS FOR
IMPROVEMENT

Japan is gradually securing the number of hospital beds needed
to treat COVID-19 patients. Some areas have even matched
the conditions achieved in the US and UK, with most of
these being in urban locations. In addition, laws related to
infectious disease control were amended in February 2021, such
that prefectural governors now have the authority to strongly
request that hospitals provide additional beds to accommodate
COVID-19 patients. A telemedicine system was also introduced
to support small- to medium-sized hospitals that do not
employ experts in infectious disease and intensive care to
provide appropriate care to COVID-19 patients and to control
nosocomial infections. Following another legal amendment
designed to facilitate the process, some prefectures have either
already set up temporary COVID-19 hospitals or plan to do
so in order to increase the number of available beds. Despite
these efforts, Japan must still address the problem of inefficient
resource usage, by restructuring the medical system to establish

better disaster preparedness. Even if it is not currently possible
to fundamentally alter the health service system itself (e.g.,
transitioning from private-dominant to public systems), some
useful modifications are feasible. For example, policymakers
may incorporate coordination mechanisms, strengthen referral
networks, and clearly designate entry points to critical health
systems during public health emergencies.

With a private-dominant healthcare delivery system similar to
Japan’s, the US may serve as a point of reference. Considering
the different healthcare systems, we should learn from the
coordination mechanisms rather than the system itself. Of note,
the US has developed “healthcare coalitions” to coordinate
between individual healthcare providers, public health agencies,
emergency medical services, and emergency management
agencies for health system preparedness. This is supported by
the Hospital Preparedness Program, which is a federally funded
nationwide initiative (2, 22) that facilitates collaboration among
individual healthcare facilities, improves information sharing,
and ensures the efficient reallocation of scarce resources in
response to all types of public health emergencies. As such, this
coordination mechanism among various stakeholders functions
as a substitute for an organizational structure with command-
and-control mechanisms, as found in public health service
systems such as that employed in the UK. The US system
may provide a suitable template for improving Japan’s health
service system.

Although Japanese and US healthcare providers share the
similarity of private-dominance, we must pay attention to the
differences in referring to the US. The biggest difference is the
complexity of provider composition in Japan, in which there
is a large number of small- to medium-sized hospitals that
independently provide services and sometimes compete with one
other in contrast to clear role differentiations among healthcare
facilities in the US. Moreover, there are substantial regional
variations in this composition. Each region should therefore
create an applicable system through a bottom-up approach
that involves support from local public health authorities
(20). Combined with such region-specific disaster preparedness
efforts, the coordination mechanism and governmental subsidies
seen in the US healthcare coalitions would expedite functional
differentiation and augment the development of inter-hospital
resource reallocation mechanisms.

Further, existing laws should be amended to redefine
pandemics as “disasters.” This would enable national and local
governments to respond more appropriately to pandemics.
Although both types of government have the authority to
mobilize resources in disasters even from the private sector,
the relevant mechanisms cannot be exercised in the context
of COVID-19 pandemic, which is not legally defined as a
disaster. In the absence of this, management is based on
laws that are related to infectious disease control, which give
governments the power to make strong requests at most, even
after the recent amendment strengthening gubernatorial power.
In addition, without full activation of disaster responses, inter-
jurisdiction collaboration mechanisms, particularly wide-area
patient transfer across prefectural or municipal borders, would
not function appropriately. An all-hazards approach would be
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preferable, such that we can prepare for and respond to all kinds
of public health emergencies under the disaster management
framework (22).

As mentioned throughout the paper, Japan must designate
clear entry points to the healthcare system, with established
gatekeeper roles. At the very least, this should be done during
public health emergencies, especially in cases with surging
numbers of patients. We must absolutely alter the current
approach to emergency medical services, in which ambulance
crews are tasked with searching for entry points (13-15). Given
that medical resources are dispersed across a large number
of small- and medium-sized hospitals, there are significant
variations in the abilities of individual emergency departments.
This highlights the need for a system in which an initial
treatment center is available for emergency patients, specifically
to accept all patients from a geographically defined area, then
redistribute them to appropriate hospitals based on both their
own medical conditions and the abilities of the intended facility.
This will also facilitate daily operations in general. Even before
the pandemic, there were several cases in which ambulance
teams had difficulty finding hospitals for their patients. While
issues must be addressed in both situations, it is better to
overcrowd emergency departments than force ambulances to
park throughout the communities.

Accurate quantification of the existing healthcare resources is
crucial, especially for use in public health emergencies. However,
current figures do not accurately indicate the number of beds
available for acute care due to the insufficient differentiation
of bed functions in Japan. The Ministry of Health, Labour
and Welfare has initiated a system for reporting bed functions
to help facilitate this issue, but it is also necessary to reflect
differentiations in the official statistics, thus more precisely
indicating what resources are available during times of disaster.
To obtain information on the available resources in real-
time, further utilization of information technology is desirable.
Although the Ministry of Health, Labour and Welfare operates
a system to collect medical resource information from hospitals
throughout the country, its requirement of human data inputting
makes collecting information in real-time impossible. A more
sophisticated system that can automatically collect information
(e.g., using artificial intelligence) would expedite information
sharing about available resources (artificial intelligence may
also be useful in predicting resource needs). In addition,
information sharing mechanisms may also promote local or
regional coordination (23).

Finally, we may need to reconsider Japan’s regulatory and
efficiency-oriented policies to overly streamline its healthcare
resources. Seemingly, Japan’s current medical resources are
insufficient to deal with a public health emergency while
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The Tendency of Terrorist
Organizations to Explosive Attacks:
An Institutional Theory Perspective

Lanjun Luo and Chao Qi*

School of Management, Huazhong University of Science and Technology, Wuhan, China

Focusing on the tendency of terrorist organizations to explosive attack, this article
applied the institutional theory as the basis to explain the inherent logic of attack
type similarity from the perspective of mimetic, coercive, and normative isomorphism.
Subsequently, the study conducted an empirical analysis of the data onto 1825 terrorist
organizations recorded in the Global Terrorism Database with the logistic regression
method. The results show that: (1) Terrorist organizations will learn from pre-existing
terrorist organizations’ experiences, and mimetic isomorphism will promote explosive
tendency; (2) Due to the normative isomorphism effect, terrorist groups’ tendency to
explosive attacks is weakened by their increased duration; (3) If terrorist organizations are
hostile to a strong government, coercive isomorphism positively moderates the negative
effects of increasing duration. The study suggests that counter-terrorism approaches
such as destroying the learnable experience of attacks, addressing the root causes of
terrorism, and maintaining a strong government may be helpful in stopping increasing
terrorist activities, which is essential for reducing terrorist organizations’ vivosphere,
blocking the inter-flow and imitation between terrorist organizations, and ultimately
interrupting the terrorist propagation chain.

Keywords: explosive attack, institutional theory, organizational isomorphism, terrorist organization behavior,
terrorism contagious

1. INTRODUCTION

After 9/11, counter-terrorism (CT) became a priority for homeland security worldwide, and
enormous amounts of material and human resources are cost in this area. However, many
intelligence-led CT and prevention approaches, regarded as pre-emptive and precision strikes, have
not achieved the desired results but instead have added fuel to the fire (Bjorgo, 2013). As shown
in Figure 1, the frequency of terrorist attacks worldwide, as recorded in the Global Terrorism
Database (GTD) (LaFree and Dugan, 2007; START, 2021), is still on an upward trajectory. This
unexpected trend means that CT operations have not stopped the actions of terrorists and terrorist
organizations, the adversarial strategies still have not entirely grasped the behavioral patterns of
enemies. Therefore, to make CT more effective, a better understanding of the behavioral patterns
of terrorist organizations and the underlying causes is necessary.

One of the most critical aspects of terrorist organization behavior patterns is the attack type. As
shown in Figure 1, the explosive attack is the most used type worldwide each year. This article has
also counted the attack types of 181,691 cases in GTD, and the results are shown in Table 1. The
most frequent attack type is still bombing and explosion, with 88,255 records and accounting for
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FIGURE 1 | Global terrorism trend and proportion of different attack types (Data source: GTD, 1970-2017, attack type statistics using GTD's variable attacktype1_txt).
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TABLE 1 | The number of different attack types in GTD (Data source: GTD,
1970-2017, attack type statistics using GTD’s variable attacktypel_txt).

Method of terrorist attacks Number of cases

Bombing/Explosion 88,255
Armed assault 42,669
Assassination 19,312
Hostage taking (Kidnapping) 11,158
Facility/Infrastructure attack 10,356
Unknown 7,276
Unarmed assault 1,015
Hijacking 991

Hostage taking (Barricade incident) 659

48.57% of the total, far more than any other terrorist
attack category. Moreover, different terrorist organizations
also demonstrate a tendency to commit explosive attacks.
Figure 2 illustrates an analysis of the attack types of several
notorious terrorist organizations. It can be seen, these terrorist
organizations have shown a focus on explosive attacks, e.g., both
the Taliban and the Islamic State of Iraq and the Levant (ISIL)
use explosions as the most common method. For organizations
such as the Farabundo Marti National Liberation Front (FMLN),
explosive attacks, while not the most frequent, are still among the
most common.

Why do terrorist organizations have a similar behavior
pattern that tends to explosive attacks? To our knowledge, few
studies directly answer this question, but some of them address
other aspects of terrorist organization similarity. Representative,

Di Salvatore (2018) found pirates similarly tend to cluster
in places where successful attacks have occurred. Parker and
Sitter (2016) found terrorist organizations with similar ideologies
were similar in tactics, strategies, and objectives. Both pieces
of research regard the similarity of terrorists’ behavior patterns
as mainly a result of inter-organization learning and imitating
process, while the latter keenly recognized the process is
analogous to the isomorphism of enterprise organizations
analyzed by institutional theory (DiMaggio and Powell, 1983)
in sociology.

However, the existing approaches are not sufficient to explain
the explosive tendency. Firstly, in terms of explosive attacks,
the objects of different terrorist organizations imitating and
learning from are unclear. Most terrorist organizations mainly
operate in a limited area or within a relatively fixed range.
For example, Abu Sayyaf primarily operates in Chechnya and
Laskhar Jihad in Indonesia (Ganor, 2008). Even for transnational
or international terrorist organizations, the preparation and
requirements for launching explosive attacks in different
countries are heterogeneous. How do terrorist organizations
in different areas choose the imitation targets and learn from
them? Secondly, the formation of similar behavioral patterns in
terrorist organizations is not only free will-led learning results but
may be shaped by complicated conditions and environments. In
Western or well-policed societies terrorists are heavily repressed,
and less restricted in lawless areas (Ganor, 2008). Terrorists are
not at liberty to learn from others’ experiences and practice
them. CT forces are constantly trying various military, political,
and economic methods to forge an “iron cage" in the hope of
hanging them. How does external coercion shape the similarity
of terrorist organizations? Thirdly, if terrorist organizations can
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FIGURE 2 | Comparison of several terrorist organizations’ attack methods (Data source: GTD, 1970-2017, the total attack number of a specific terrorist organization
is calculated by the times recorded in GTD’s variable gname, while the attack types statistics by attacktypel_txt).

survive under coercion for a longer time, then it seems they  learning, the influence of external pressures, and the impact of
can choose other more destructive and specialized attacks to  professionalization. Such findings may help us understand the
fulfill their political or social goals. For example, plane hijackings  learning reason and objects of terrorist organizations, the effects
always create serious media attention and chaos (Terrorism-  of CT pressures, and the influence of capability and specialization
Research.com, 2021). How do the increasing professionalization  represented by the age of the organization. Nevertheless, many
and operational capacity represented by a terrorist organization’s  internal isomorphism mechanisms are still puzzling, and the
persistence affect organizational similarity? relevant studies of institutional theory have not delved into the
The complete institutional theory may help answer the  issue of terrorist organization behavioral isomorphism, especially
above questions, analyzing how multiple driving forces shape  the empirical research on the tendency to explosive attacks is still
organizational similarities is its core (DiMaggio and Powell,  a gap.
1983). The organizations isomorphism phenomenon, which Therefore, this study attempts to develop a conceptual model
manifested in the resemble of different organizations, is caused  to explain the terrorist organizations explosive attack tendency
by three types of isomorphism: mimetic isomorphism due from the perspective of institutional theory, and to analyze the
to dealing with uncertainty, coercive isomorphism driven by  behavioral similarity of terrorist organizations based on the three
legal or political pressure, and normative isomorphism due to  drivers in institutional theory—coercive, normative, and mimetic
professional experts and organizations (DiMaggio and Powell,  isomorphism. In particular, we aim to answer the following
1983; Hersberger-Langloh et al., 2021). Early institutional theory  three research questions in an extension of existing terrorism
studies have focused primarily on the isomorphism of typical  researches and institutional theory studies:
organizational forms and practices (Ufere et al., 2020). Recently,
more research has paid attention to illegal behaviors, e.g., the
bribery pervasive among firms (Ufere et al., 2020), and the
criminogenic isomorphism in the business context (Glebovskiy,
2019). There are also studies that apply institution theory to the
public safety issues, such as the widely social media adopting
of police departments (Hu et al., 2018), and the similarities in
investigating human trafficking law enforcement efforts (Warren, ~ The contributions of this article are mainly threefold. Firstly,
2019). we apply institutional theory to the analysis on the illegal
The three isomorphic processes in institutional theory  behavioral isomorphism of terrorist organizations; previous
have focused on the causes and targets of organizational studies have mainly been limited to legal organizations’ legal or

e How do terrorist organizations mimic explosive attack
experiences, and who are the learning targets?

e How does the increase of the terrorist organizations’
persistence affect their explosive attack tendency?

e How do CT pressures shape terrorist organizations’ explosive
tendency?
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illegal behavior, which facilitates the application of institutional
theory. Second, based on the institutional theory’s mimetic
isomorphic drive, we analyze the possible targets for terrorist
organizations to learn from the experience of bombing attacks
cross-organisationally. Thirdly, based on normative and coercive
isomorphism, the difference in approach between terrorist
organizations and ordinary business organizations in the face of
institutional iron cages is analyzed, and short- and long-term
combined CT policy reccommendations are given.

The rest of this study is structured as follows. In section 2, we
review the related studies. The main hypotheses of this study are
presented in section 3. Section 4 explains the variable selection
and data obtaining methods. Logistic regression results are in
section 5. In section 6, we discussed this study’s management
implications and limitations. Finally, the research is concluded
in section 7.

2. LITERATURE REVIEW

This section first reviews the common organizational
isomorphism phenomenons in the institutional theory
researches and how the three structures of uncertainty-mimetic
isomorphism, professional-normative isomorphism, and formal
pressure-coercion isomorphism come into play. Second, we
introduced other alternative terrorist attack types and the
differences with explosive attacks. Third, the related institutional
environments and root causes of terrorism are reviewed.

2.1. Institutional Theory and Its
Applications

Institution, defined as “regulative, normative, and cognitive
structures and activities that provide stability and meaning
for social behavior” (Scott and others, 1995). As a crucial
part of the whole environment, institutions include laws,
social and professional norms, culture, ethics, etc. (Miles,
2012). The institutional theory studies mainly focus on how
the organizations evolve toward similarity in the institutional
environment. The three isomorphic mechanisms proposed
(DiMaggio and Powell, 1983) have become the mainstream tools
of this research field.

Existing institutional theory researches can be divided into
three categories depending on the research objectives. First,
the most orthodox and mainstream application of institutional
theory is to explain legitimate business organizations legal
behavior and structural isomorphism. Davis et al. (2000) applied
the institutional theory framework to analyze the international
entry mode of strategic business units. Brouthers et al. (2005)
theorized that emerging market firms can improve export
performance satisfaction by imitating the modal generic product
strategy from the home country multi-national enterprises.
Marquis et al. (2007) found the institutional pressures at the
community level can make corporate overcome immediate profit
maximization goals and focus more on social benefits and
issues. Zach et al. (2021) found determinants such as alliance
membership and firm size play an important role in innovation
copying, an inter-firm mimetic isomorphism phenomenon.

Second, some studies focus on the non-legitimate behavior
isomorphism of legitimate business organizations. Venard (2009)
found competitive and institutional isomorphism have a crucial
influence on the corruption in Russia firms. Among the
three isomorphic drives, the normative isomorphism (imitation
to competing firms) and the mimetic isomorphism (ethical
behavior brought by multi-nationals) both have a significant
effect on corrupt behavior in Russian firms, while the coercive
isomorphism (quality of the legal framework, law, and financial
markets) was shown not applicable. Gao (2010) found that the
mimetic isomorphism motivated by other firms’ bribing behavior
significantly affects the bribery of firms in transitional China.
Ufere et al. (2020) found the mimetic isomorphism (perception
of frequently bribery practices in specific industries) and the
coercive isomorphism (institutional constraints on businesses)
have positive relationships with bribery pervasive among sub-
Saharan African firms.

In addition, police organization behavior and structure
isomorphism is also a theme. Giblin (2006) proofed the
institutional factor—accreditation, can represent both normative
and coercive pressure, while increases the isomorphism odds of
the crime analysis unit incorporation in police organizations.
Soeters (2008) found common experiences and inter-military
learning shape the operation isomorphism of American and
Netherlands armed forces in Afghanistan. Obviously, mimetic
isomorphism played an important role. Dupont (2015) assessed
the limitations of CT forces to generate an adversarial isomorphic
network structure against terrorists. This comes from the
observation that new terrorists are similar in building a
structure of decentralized distributed networks, thus gaining
more ability to sustain CT strikes. Burruss and Giblin
(2014) applied institutional theory to analysis the similar
adoption of community policing in municipal law enforcement
agencies. They found centrist forces, e.g., professionalization
of law enforcement, are the driver of the community policing
isomorphism. Carter (2016) found the institutional pressures
have a significant positive effect on the adoption of intelligence-
led policing.

In general, institutional theory has been well applied to
explain the isomorphism of legal and illegal behavior in various
kinds of legitimate organizations. Existing researches also help
us understand how the three isomorphic processes operate.
The research on illegal behavior and policing organizations’
similarities lead us to believe that this theory can also be applied
to the isomorphism of terrorist organizations. However, the
analysis of the co-occurrence of illegal organizations and illegal
behaviors remains missing in the existing studies.

2.2. Terrorism, Explosive Attack, and
Alternative Types

When the common tendency of terrorist organizations to
explosive attacks is found, it is necessary first to review what
terrorism is and what other attack types besides bombing
are available.

Terrorism, as a complex aggregate of concepts and
phenomena, is still difficult to define in a thoroughly uniform
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single manner (McCann and Pimley, 2020). The relatively
commonly accepted definition is that terrorism is an act of a
political, violent, radical nature involving non-state actors with
the intention of spreading a broader psychological fear effect
(Byman, 2020). As shown in Table 1, except for the explosive
and bombing attack, there are seven alternative attack types:
assassination, armed assault, hijacking, two kinds of hostage-
taking, facility and infrastructure attack, and unarmed assault.
The difference between these methods and explosive attacks
needs to be clarified. All the eight types can be divided into three
categories according to their objects: against human objects,
against material objects, and hybrid.

In GTD, The armed assault attacks aim to cause harm or
death to human beings with firearms or other lethal instruments,
e.g., the attack against Shia prisoners in June 2014 (Sly and
Ramadan, 2014; START, 2021). In comparison, the unarmed
assault attacks want to achieve the same goal by using other
means, including biological, chemical, and radiological, e.g., the
chemical-related incident in Uganda in March 2000 (Cirjak
Antonia, 2020; START, 2021). Further, hostage-taking (two
kinds) and assassination are apparent human targeted attacks.
Unlike the first category, the hijacking with the primary object
of taking control of vehicles and the facility-infrastructure aimed
are both attacks against material objects. The representative case
for the former type is the “9/11” attack, and the latter is the
bus attack in Angola in August 2001 (Guardian, 2001; START,
2021).

Unlike other types, explosive attacks objects are hybrid.
Both people and materials can be the targets. For example, the
coordinated vehicle explosive attacks in Iraq in August 2007 set
the first target on minority people while also destroying villages
(START, 2021). In addition to the difference in target, the major
difference between explosive and other methods is that bombings
are relatively cheap and easy to make and are smaller, harder
to detect, and often highly damaging (Terrorism-Research.com,
2021). And Parker and Sitter (2016) also thought the advances
in weapon affordability, portability, and concealability gave
terrorists a “force multiplier.” Compared with other methods
such as kidnapping, which is regarded as “one of the most difficult
acts” (Terrorism-Research.com, 2021), explosive seems to serve
the needs of terrorists better.

However, although explosives have some advantages in
launching attacks, the occurrence of specific attacks is the
result of the multiple-coupling conditions and is not entirely
the weapon power factors’ consequence such as convenience,
cheapness, and concealability. In the view of situational crime
prevention research, the target constitutes one of the most crucial
aspects besides weapon selection (Clarke and Newman, 2006;
Hsu and Newman, 2016). Elements such as the target’s exposure,
vitality, destructibility, and iconicity trigger specific terrorist
attacks (Clarke and Newman, 2006). Then, if a terrorist group’s
experience is all against unarmed or weakly defended targets,
perhaps it would hardly be a learning destination for terrorist
organizations operating against powerful even military targets. At
the same time, the degree of defense is often related to various
political, military, and economic factors in the institutional
environment where the target is located. Therefore, it is necessary

to consider broader environments and examine who the different
terrorist organizations can effectively learn from.

2.3. The Institutional Environment of

Terrorist Organizations

The institutional environments at the country level are usually
composed of both formal and informal institutions (Hitt, 2016).
This is true for business organizations, and it is also valid for
illegal organizations. For firms, the traditional institutions are
represented by laws and standards (Scott and others, 1995), and
the informal institutions is represented by culture (Fu et al,
2004). For terrorist organizations, the institutional environment
is most likely the root cause of terrorism.

Terrorism originates in wide economic, political, and conflict
backgrounds, many root cause analyses are exploring “what
breeds terrorism” (Kis-Katos et al., 2011). These root causes
collectively form the most important part of the institutional
environment where terrorist organizations exist. Typically, for
economic causes, Krieger and Meierrieks (2019) found that
the higher income inequality level caused worse institutional
corruption and more domestic terrorist activity. Ajide and Alimi
(2021) found income inequality, human capital, and educational
attainment have impact on terrorism. Bagchi and Paul (2018)
found youth unemployment tends to increase domestic terrorism
while may not effect the transnational terrorism. Gassebner
and Luechinger (2011) found factors such as GDP, population,
and economic freedom have significant impact on terrorism.
For political causes, Ajide et al. (2020) found natural resource
rents, political regimes (democracy and autocracy) both have
effects on terrorism. Baek and Bouzinov (2021) found the
increasing effect of democratization on terrorism reaches peak
when a country is at very middle democracy level. For conflict,
Schumacher and Schraeder (2021) found the domestic political
instability (government purges and riots) increase terrorism.
Shahzad et al. (2020) found foreign aid fuels terrorism because
of the institutional problems and civil conflicts. Gassebner and
Luechinger (2011) also investigated the influences on terrorism
from guerrilla war, internal war, ethnic tensions, and other
conflict factors.

Meanwhile, just as businesses are not prisoners of their
institutional environments, but may act in creative ways
to change their institutional environments (Dimaggio, 1988),
terrorist organizations are in turn influencing theirs. Inspiring,
Zulfigar et al. (2014) found terrorism negatively influenced the
foreign direct investment in Pakistan. Shahzad et al. (2019) found
terrorism increased the capital flight. Lanouar and Shahzad
(2021) found terrorist attacks in big cities can cause the highest
negative impact on the capital flow. Evidence of increased capital
flight due to terrorist attacks is also further confirmed in the study
of Shahzad and Qin (2019). Through the above research, it is clear
to see how terrorist organizations and terrorist attacks inversely
act on the institutional environment.

Moreover, along with other formal coercive powers, CT
activities are also an important part of constructing the
institutional environment for terrorist organizations. At the
macro level, Shahzad and Qin (2019) found military expenditures
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can decrease the impact of terrorism on the capital flight.
Shahzad et al. (2019) also thought military expenditures, counter
terrorism policies, stable political environment, and better
economy contribute to the containment effect of curbing the
negative effects of terrorism. At the micro level, Di Salvatore
(2018) found that for pirates who like to cluster in previous
successful locations to repeat their attacks, rescue operations can
reduce most attacks in the following month. The similar control
benefit diffusion effects may be valid for other terrorist attack
types (Hsu and Newman, 2016).

In conclusion, the above reviews reveal the dialectical
relationship  between terrorist organizations and their
institutional environment. In the next section, we will explore
how institutions make terrorist organizations become similar
in the attack type and how terrorist organizations break the
institutional iron cage.

3. RESEARCH HYPOTHESES

3.1. Mimetic Isomorphism: Limited

Imitation Objects

Uncertainty is one of the most critical forces that cause
mimetic isomorphism (DiMaggio and Powell, 1983; Miles, 2012).
Uncertainty means that the organization does not know what
to do because, e.g., ambiguous goals and uncertainty about
appropriate behavior (Miles, 2012; Deligonul et al., 2013). Thus,
Organizations like firms tend to imitate the successful behavior
of others in the same organizational field (Ufere et al., 2020).
Although Parker and Sitter (2016) found that the behavior of
early terrorists may provide ideological and tactical inspiration
for the later ones. However, in terms of specific terrorist
organizations wishing to learn the experience of explosive attacks,
it remains unclear who these prior organizations were.

The two crucial points—uncertainty and organizational
domain—help to answer the question of learning objects.
Researches have demonstrated how the root causes of terrorism
interact with terrorist attacks at the country level (Gassebner
and Luechinger, 2011). The countries that terrorist organizations
confront often constitute the most representative organizational
field. Terrorist organizations in the same country with similar
primary operating areas will most often face similar pressures
from CT actions, political penalties, economic sanctions, etc.
For example, in Iraq, during the period of US-led coalition
intervention, improvised explosive device attacks are always
likely leading to similar clustered counter-insurgency activities
(Braithwaite and Johnson, 2012). The same organizational field,
which is destructive and uncertain to terrorist attacks, has
effected not only pre-existing terrorist organizations, but also
subsequently arising terrorist organizations. The most immediate
response of the newcomers to this pressure is to learn from the
experience of other pre-existing terrorist organizations in the
same organizational domain, namely the same country. Although
it is possible to learn terrorist attack experience through the
Internet, the actual bomb-making, target investigation, and other
techniques in specific contexts, terrorists can only gain the most
intuitive experience by learning in the real world (Bruce, 2009;

Kenney, 2009). Rather than learning from other terrorist groups’
bombing experiences in countries with different institutional
environments, it may be better for a terrorist organization to
learn from the behavior of existing groups in the same specific
country. In other words, terrorist organizations imitate a limited
range of objects, most probably organizations that operate mainly
in the same countries. The explosive tendency and experience of
existing terrorist organizations will greatly influence the latter’s
behavior. Thus:

H1: Pre-existing terrorist organizations’ tendency to explosive
attacks may have a positive impact on the tendency of later
groups in the same country.

3.2. Normative Isomorphism:
Professionalization and the Asthenia of
Iron Cage

In institutional theory, normative isomorphism is primarily
caused by professionalization (DiMaggio and Powell, 1983),
standards, employee movement (Miles, 2012), etc. In turn,
business organizations become similar under these specialized
forces. However, different from firms, the professionalization
may fuel terrorist organizations to break the institutional iron
cage, rather than conform.

Facing external threats, terrorist organizations often cooperate
and train attack experts with each other in order to strengthen
themselves and keep their organizations alive (Phillips, 2014).
This inter-organizational circulation of personnel points to
the professionalization of modern terrorist organizations.
Similar to organized criminal groups (Sanderson, 2004),
personnel training, equipping, recruiting, transporting, and
intelligence acquisition all form part of the normalization and
specialization requirements of terrorist organizations. Thus, if
a terrorist organization persists for an extended period, it
usually accumulates a pool of terrorists with multiple attack
capabilities, which potentially strengthens its bargaining power
against governments as well.

The longer a terrorist organization lasts, meaning the more the
iron cage holding it collapses, the more bargaining power it has,
and it may no longer stick to explosive attacks but will consider
more alternative approaches. At this time terrorist organizations
may be thinking about getting more results, such as terror
and disruption. Because of increased professionalization, the
attack type is no longer confined to explosions, the affordability,
portability, and concealability of weapons are no longer crucial.
Thus:

H2: The longer duration of a terrorist organization has a
negative impact on the explosive attack tendency.

3.3. Coercive Isomorphism: Reinforcement
of the Iron Cage

Although the professionalization and persistence may enhance
the capabilities of terrorist organizations, the forces of CT
are perpetually reinforcing the coercive iron cage. In business
contexts, the formation of coercive isomorphism is the result
of an explicit regulatory process: rule-making, monitoring,
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and sanctioning activities. Both government rules and forces
from culture and society can impose standards on business
organizations. For organizations in the organizational field,
failure to conform to institutional expectations can have
profound implications for the organizations legitimacy,
ultimately leading to loss of tax-exempt status, loss of
grants and contracts, or involuntary dissolution. Under the
pressure of legitimacy and specific circumstances, business
organizations may choose to operate primarily for legitimacy
rather than for-profit.

In terrorism and CT contexts, such a process of coercive
isomorphism is not directly applicable to terrorist organizations.
The traditional binary relationship between government and
business is challenging to apply to “autonomous” (Helfstein,
2009) organizations such as terrorist organizations. The claims
of legitimacy of business organizations do not coincide
with the claims of terrorist organizations. Nevertheless, this
does not mean that the institutional theory fails to explain
the isomorphism of terrorist organizations’ behavior in the
dimension of coercive isomorphism. The demands of terrorist
organizations are more political than economic (Jongman, 2005).
As far as legitimacy is concerned, referring to the work of
Zarakol (2011), this article argues that the “legitimacy” of a
terrorist organization is more likely to come from (a) Recognition
by peer organizations, internal members; (b) The support of
backers, potential militants; (c) The relative stability of political
claims. If the government-business organization represents a
healthy and mutually beneficial relationship, the government-
terrorist organization relationship is characterized by hostility
and unilateral sanctions.

The formation of terrorist organizations comes from the root
cause of terrorism, which usually includes formal support from
anti-government, anti-social forces, and deep-seated informal
contradictions in society, culture, economy, and politics. As a
group with political agenda, terrorist organizations usually aim
to change the power base of a target state, thus creating a hostile
binary relationship with the government. However, in the face
of the government, the representative of the state’s authority,
terrorist groups have a dangerous role to play in the war on
terror, especially when the government is relatively strong. In
this case, it is bound to face a “legitimacy crisis” That is to say,
in such a relationship, the terrorist organization is subjected to
coercive sanctions that are far more powerful than those imposed
on ordinary businesses, no longer bound by laws or rules but by
military and police forces.

When terrorist organizations operate primarily in regions
where the countries are stable and powerful, they are always
subject to more stringent repressive responses. Sovereign
governments and the corresponding authorities have always
been able to respond promptly, for example, by intervening
immediately when attacks or hotspots of attacks occur and
by adopting long-term and proactive prevention strategies to
address root causes of terrorism further. In this scenario, terrorist
organizations would gradually weaken while losing some survival
space. As criminals with less bargaining power, terrorist
organizations will choose the most logical way to respond
to sanctions, and the low-cost, more lethal, and easier-to-use

bombings are common to terrorist organizations than other
attacks that require sophisticated planning, surveillance, and
staffing. Moreover, in situations where governments are weak
or even disintegrating, as in Iraq and Afghanistan, terrorist
groups often have more bargaining power due to the growth of
anti-government forces. In such cases, hostage-taking, aircraft
hijacking, and other terrorist attack methods may bring more
economic and political gains, and bombing attacks may no longer
be their favorite option.

Therefore, the effect of duration is not absolute, and when
the government is stable, even long-dormant terrorist groups can
hardly have forces hostage to bargaining with the government.
Thus, this article proposes the following moderating effect:

H3: The negative effect of duration is attenuated when terrorist
organizations carry out terrorist attacks mainly in regions
with strong governments, which means there is a positive
moderating effect.

In summary, the conceptual explanatory model of the tendency
of terrorist organizations to explosive attacks from the
perspective of an institutional theory constructed in this
article is shown in Figure 3.

4. MATERIALS AND METHODS

4.1. Data Sources

The data used in this study are from the GTD database. GTD
is currently one of the most complete databases of terrorist
attacks globally, mainly collected and maintained by the National
Consortium for the Study of Terrorism and Responses to
Terrorism (START) in the United States (START, 2021). Till
the end of 2017, GTD has collected more than 180,000 terrorist
attacks in 12 regions of more than 200 countries over half a
century, and all the incidents are indexed with variable “eventID.”
About 98,000 cases with specific terrorist organizations have
been identified among all records, and more than 3,500 terrorist
organizations have been recorded. In addition, the GTD records
detailed information about the time, method of attack, target,
attacked country, etc., of each case, which matches the needs of
this study.

In order to transform the data into a terrorist organization
indexing approach suitable for this problem, this study follows
such steps for data collection: (1) Excluding incomplete data
due to loss of START files in 1993. (2) Excluding cases marked
as “Unknown” in the “gname” column. (3) Excluding terrorist
organizations with no more than one attack, cause these groups’
attack tendency cannot be calculated. Since most terrorist
organizations do not last long and often fall within a short
period, it is challenging to obtain panel data on a year-by-year
basis. Therefore, in order to ensure the completeness of the data,
this article finally obtains a total of 1825 terrorist organizations’
cross-sectional data spanning half a century (N = 1,825).

4.2. Dependent Variables

According to the conceptual explanatory model in Figure 3, the
concept of the dependent variable is “Terrorist organization tends
explosive attack.” For a given terrorist organization, this study
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FIGURE 3 | A hypothetical model of the terrorist organizations to conduct explosive attacks.

measures it using a 0-1 binary variable. For attacks launched by a
specific terrorist organization, if explosive attacks are the most
frequent, more than other types in GTD, then the dependent
variable is marked with “1” and if explosive attacks are not
the most, then marked with “0.” It is worth noting that if an
organization has the same total counts of two attack types, then
this study assumes that the organization tends toward the first
occurred type.

4.3. Independent Variables

“Pre-existing terrorist organizations tend to explosive attacks”
is the independent variable for HI1. If a specific terrorist
organization operates in the same country where the later
organization specified in the dependent variable is primarily
active, and before the latter’s first activity, it has already
been carrying out terrorist attacks, this specific organization
is considered to be a “pre-existing” group. It is worth noting
that there is usually more than one pre-existing terrorist
organization for most organizations considered in the dependent
variable. Here, the “pre-existing terrorist organization” is subject
to temporal and geographical constraints to ensure logical
integrity and constraining chronological relations to prevent the
endogenous problems of reverse causation. For each certain
terrorist organization mentioned in the dependent variable, once
the collection of pre-existing groups has been identified, the
tendency to explosive attack can be calculated for each pre-
existing organization based on the principle of “whether the
explosive attack is the most numerous among the eight types of
terrorist attack.” Finally, if the proportion of pre-existing terrorist
organizations with a tendency to explosive exceeds 50%, it is
considered that the value of this independent variable is “1
otherwise, it is “0.” It is important to note that if a terrorist
organization appears for the first time in a specific country, there
is no pre-existing group for it, which means the independent
variable is set to “0,” and there is no object to imitate.

The concept “Duration of the terrorist organization” is firstly
calculated as a continuous value accurate to year-level, with the
results for a specific terrorist organization being the difference
between the “iyear” value of the first attack and the last attack.
Namely, the margin between the years. Secondly, considering
that other explanatory variables are categorical variables and
that scholars such as Yang and Zhou (2005) treat the age of

firms in segments when applying institutional theory to the
study of organizational behavior, this study coded the terrorist
organization duration categorization as follows: “1” for terrorist
organizations whose duration year margin is 0 in the first step,
which means these groups are destroyed in a short period of
time; “2” for organizations of one year’s duration; the code is
“3” for a duration of two years; “4” for three to five years;
and “5” for more than six years. Ultimately, long-standing and
notorious organizations such as the Taliban and Al-Qaida are in
the category “5.”

4.4. Moderating Variable

The concept “Hostile to a strong government” is the moderating
variable for H3. In order to ensure the reasonableness of the
measure, this study first uses the “A-Government Stability” s
from the International Country Risk Guide (ICRG) (Howell,
2011; PRS.Group, 2021) to measure the strength of governments
around the world. The ICRG evaluates each country’s annual
“A-Government Stability” rating based on three indicators:
government unity, legislative strength, and popular support. The
highest score for each indicator is 4, with a higher score indicating
a stronger government. The average government stability for
all countries since 1984 is 7.57, using this s as a boundary to
classify high and low groups, a total of 67 countries are relatively
stronger, including China (8.83), Canada (8.05), Finland (8.05),
and the United States (8.54). Secondly, since the records of
GTD started in 1970 and ICRG in 1984, the ICRG lacks early
records from regions such as the former Soviet Union and parts
of Africa. In order to avoid large deviations from the facts,
this study relaxes the precision of the judgment of “whether
there is a strong government” to the “region” level in GTD.
Ultimately, “East Asia,” “Western Europe,” “North America,” and
“Australia and Oceania” are considered regions with relatively
strong governments. For a given terrorist organization, the value
of this dependent variable is “1,” if its primary activity area is
one of the above four. Further, the “Central America and the
Caribbean,” “South America,” “South-East Asia,” “South Asia;”
“Central Asia,” Eastern Europe,” “The Middle East and North
Africa” “Sub-Saharan Africa” are considered to be regions with
relatively weak governments. If a terrorist organization mainly
attack countries in these areas, then the independent variable is
“0.” The countries and regions in which terrorist organizations
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TABLE 2 | Variables identification and definition.

Variable Meaning Variable ID Variable format
Dependent Terrorist organization has the tendency to explosive attack TENDENCY Binary
Independent Pre-existing terrorist organizations tend to explosive attacks EX_TEND Binary
Duration of the terrorist organization AGE 1-5 ordered categorical
Moderation Hostile to a strong government ANTI Binary
Whether the terrorist organization has a background of transnational attacks TRANS Binary
Success rate of explosive attacks of the terrorist organization SUCCESS Continuous
Controls Success rate of explosive attacks by pre-existing terrorist organizations EX_SUCCESS Continuous
whether a terrorist organization cooperates with an organization which has explosive tendency COOP Binary
Whether terrorist organizations operate mainly in relatively high-risk areas R_AREA Binary
The number of attacks by terrorist organizations FREQ 1-5 ordered categorical
TABLE 3 | Descriptive statistics and multi-collinearity analysis of variables.
Variable Min Max Mean Std. VIF 1 2 3 4 5 6 7 8 9 10
TENDENCY 0 1 0.45 0.498 \ 1.000
EX_TEND 0 1 0.38 0.486 2.154 0.163* 1.000
ANTI 0 1 029 0454 1582 0.105™ 0.247* 1.000
AGE 1 5 3.025 1.687 1.471 -0.016 -0.087* —0.101** 1.000
TRANS 0 1 028 0449 1337 -0.009 -0.059* —0.046* 0.452** 1.000
SUCCESS 0 1 0.367 0.355 1.082 0.807** 0.174* 0.072** —0.040 —0.023 1.000
EX_SUCCESS 0 1 0.341 0.193 2.254 0.180* 0.774* 0.229*  —-0.106" -0.129" 0.215* 1.000
COOP 0 1 0.07 0255 1.122 0.067** 0.053* —-0.133* 0.086** 0.000 0.073*  0.083** 1.000
R_AREA 0 1 0.418 0.493 1.568 0.055* —0.047* —0.541**  0.093** 0.005 0.100*  0.087*  0.202**  1.000
FREQ 1 5 1399 0.712 1.456 0.096* —-0.035 —-0.091*  0.516** 0.363**  0.069* —0.095" 0.240* 0.087** 1.000

N =1,825; "p < 0.05; *p < 0.01.

are mainly active are the plurals of the two corresponding records
corresponding in the GTD.

4.5. Control Variables

In addition to the above variables, since there are few empirical
studies on the behavior of terrorist organizations, this study
proposes the following six control variables concerning the
control of organizational size and structure by Yang and Zhou
(2005): (a) “Whether the terrorist organization has a background
of transnational attacks,” if a terrorist organization has carried
out attacks in multiple countries and regions according to
GTD records, then the code is 1, and vice versa is 0. (b)
“Success rate of explosive attacks of the terrorist organization.”
(c) “Success rate of explosive attacks by pre-existing terrorist
organizations,” which is calculated as the proportion of terrorist
attacks that are considered “successful” by GTD. Both the
control variables (b) and (c) take into account that a higher
success rate may impact the tendency to explosive attacks. (d)
In order to prevent the effects of cooperation on organizational
similarity in the normative isomorphism perspective, “whether
a terrorist organization cooperates with an organization which
has explosive tendency” is selected as the fourth control variable.
If the particular terrorist organization is present in one or
more of the attacks recorded by the GTD together with other
explosive-prone organizations, the code is 1, and 0 otherwise.
(e) Taking into account the impact of warfare on the propensity

to bomb, for example, through the relative availability of bomb-
making materials, it is crucial to take into account “Whether
terrorist organizations operate mainly in relatively high-risk
areas.” If a terrorist organization is mainly active in the Middle
East and North Africa, Southeast Asia, South Asia, and Central
Asia, the code is 1, and the opposite is 0. (f) Similar to the
transnational context, in order to further control the size of
the organization, this study controls “The number of attacks by
terrorist organizations” and codes the number of terrorist attacks
from 0-10, 11-100, 101-500, 501-1000 and above 1001 to a scale
of 1-5.

A brief identification and explanation of all the above variables
in this study are shown in Table 2.

5. RESULTS

5.1. Descriptive Statistics and
Multi-Collinearity Analysis

This study uses the logistic regression method to analyze
1,825 cross-sectional data from the GTD. Table 3 shows the
results of descriptive statistics and multi-collinearity analysis.
As the variables are mainly categorical variables, Spearman’s
correlation test was used. From the table: (a) The data for the
remaining variables are well distributed, except for the COOP
with a mean of 0.07, which is heavily skewed to the left. (b)
EX_TEND was significantly correlated with TENDENCY, with
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a correlation coefficient of 0.163 (p < 0.01), ANTI is also
significantly correlated with TENDENCY, with a coefficient of
0.105 (p < 0.01), H1 and H2 are initially confirmed. (c) AGE
was negatively correlated with TENDENCY, but the correlation
coefficient —0.016 was not significant (p > 0.05), the H3 needs
further examination. (d) The variance inflation factors (VIF) of
the main variables are between 1.082 and 2.254, smaller than
the criterion for multi-collinearity discrimination (<5). This
indicates that the problem of multi-collinearity is not serious,
but in order to ensure the experimental rigor, the correlation
coefficients greater than 0.7 are excluded from the regression
analysis. This means SUCCESS and EX_SUCCESS are excluded
from the regression analysis.

5.2. Logistic Regression Analysis Method

for Cross-Sectional Data

Logistic regression analysis is applicable to problem scenarios
where the dependent variable is a binary variable, and does not
emphasize whether the variables are normally distributed, thus
it is adopted for hypothesis testing in this article. The logistic
regression method is as shown in Equation (1):

Logistic(p) = ln1 ‘l_) = Bo+ Bix1 + Poxz + ... + Buxn + & (1)
where p = p(,—1) represents the probability that the dependent
variable y is equal to 1, which means the probability that a

terrorist organization has a tendency to exposion attack. 1‘%;

is the odds of experiencing an event (odds). Bj(i=o,1,2..n) is the
regression coefficient of the variable, By is the constant, ¢ is
the random error. xji—g12..,) are other variables, and »n is
the number of variables. The logistic model uses the maximum
likelihood method for parameter estimation.

5.3. Results of Logistic Regression

Analysis
This article is divided into five models for logistic regression
analysis. Model 0 is the base model with only four control
variables added: TRANS, COOP, R_AREA. FREQ, as a
comparative baseline for subsequent models. Models 1-2,
respectively, add EX_TEND and AGE as independent variables to
test H1-H2. Model 3 adds a moderating effect, which means the
product term of ANTI and AGE. Model 4 is a full-variable model
used to reflect whether the results are robust or not tentatively.
In Model 1 of Table 4, the EX_TEND coefficient of 0.690
is significantly positive (p < 0.001), indicating that the
H1 Confirmation that the “tendency of pre-existing terrorist
organizations to explosive attacks" does have a positive effect
on the tendency of later ones. From Equation (1), the primary
effect size of H1 is Exp(B_1) ¢(0.690) 1.994, which
means if the tendency to the explosive attack of a pre-existing
terrorist organization changes from 0 to 1 (the independent
variable increases by 1), and the odds of the later terrorist
organizations to form explosive tendency are 1.994 times greater.
The above analysis shows that the mimetic isomorphism effect
based on institutional theory significantly impacts the formation
of terrorist group explosive tendencies. In model 2, the coefficient

of AGE is -0.093 (p < 0.01), which means H2 is confirmed
and “Duration of the terrorist organization” does diminish its
tendency to explosive attacks. The size of this negative effect is
Exp(B_3) = 0.912, which indicates that once the duration of a
terrorist organization increases by one level, the probability of
forming explosive tendency is only 91.2%, which is about 10%
lower than the original probability. These two hypotheses were
confirmed in the separate models and in the full-variable model
4, where the coeflicients are significant, and the sign directions
do not change, which to some extent indicates the robustness
of the results. The regression result of the moderating effect of
ANTI*AGE in H3 is shown in models 3 and 4, which reveals the
coeflicients of interaction are both respectively positive: 0.155 (p
< 0.05) and 0.137 (p < 0.05). This result confirms H3 and shows
that the ANTI as a moderating variable significantly reduces
the negative effect of terrorist organization duration on the
formation of explosive tendency.

5.4. Robustness Test

In order to ensure the reliability of the above results, this study
chose another measure of the dependent variable to test the
robustness of the model. In section 3, the concept of “whether a
terrorist organization has the tendency to explosive attack” as the
dependent variable is measured based on “whether the number
of bombing/explosive is the most among the eight methods.” In
this section, the measure is changed to “whether the number
of bombing attacks exceeds 50% of the total number” during
the robustness test, which makes the measure stricter, while the
dependent variable remains a binary variable. Robustness tests
were conducted by replacing variables of the same nature: the
models R0-R4 are based on the original logistic regression model,
with the dependent variable is replaced by the new measure. The
Robustness test results are shown in Table 5. The three confirmed
hypotheses also hold in the robustness test. The EX_TEND
coefficient is 0.816 (p <0.001), and the effect size is Exp(B_1) =
2.262. The AGE coefficient is —0.164 (p <0.001), negative effect
Exp(B_3)=0.849. The coefficients of the two main effects remain
significant and increase in size, further illustrating the reliability
of the hypothesis. The moderating effect is also confirmed, with
an intersection coefficient of 0.175 (p < 0.01) for model R3 in
Table 5. The above findings are all valid for the full variables
model R4. The above analysis shows that the model passes the
robustness test, and the results are reliable.

This study further graphically analyzes the moderating effects
of model 3 in Table 4 and model R3 in Table 5 to understand
better the role of coercive and mimetic isomorphisms in forming
terrorist organizations’ explosive tendencies. The horizontal axis
of the figure shows the high and low groups of the duration
“AGE,” using the mean plus or minus one standard deviation as
the high-low grouping boundary, with the vertical axis being the
probability that a terrorist organization tends to explosive attacks.
As shown in Figure 4A, where the dependent variable is “whether
terrorist organizations use explosive attacks the most of the eight
methods,” the dashed regulatory effect group was clearly above
the Solid line unmodulated effects group. This phenomenon
suggests that terrorist organizations operating in areas with a
stable government are more prone to explosive attacks than
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TABLE 4 | Results of logistic regression analysis.

Variable Model 0 Model 1 Model 2 Model 3 Model 4
Controls TRANS —0.240" —0.204* —0.135 -0.122 —0.108
(0.116) (0.118) (0.123) (0.125) (0.126)
COOP 0.252 0.173 0.249 0.275 0.209
(0.196) (0.199) (0.197) (0.198) (0.201)
R_AREA 0.163* 0.209* 0.184+ 0.652*** 0.599**
(0.098) (0.100) (0.099) (0.121) (0.122)
FREQ 0.322"* 0.335"* 0.403"* 0.437* 0.431*
(0.076) (0.078) (0.083) (0.084) (0.085)
Independent EX_TEND 0.690*** 0.523***
(0.099) (0.103)
AGE -0.093** —0.136"* —0.121*
(0.034) (0.040) (0.040)
ANTI 0.468* 0.353
(0.219) (0.222)
Interaction AGE * ANTI 0.155* 0.137*
(0.063) (0.063)
Intercept Constant —0.676"* —0.987** —0.548* —0.933** —1.103"*
(0.113) (0.124) (0.123) (0.156) (0.161)
N 1,825 1,825 1,825 1,825 1,825
o < 0.1, "0 < 0.05, **p < 0.01, **p < 0.001. Standard errors of the coefficient estimates are in parentheses.
TABLE 5 | Robustness test results.
Variable Model RO Model R1 Model R2 Model R3 Model R4
Controls TRANS -0.271* —0.231* —0.084 —-0.072 —0.050
(0.122) (0.125) (0.130) (0.133) (0.134)
COOP 0.402* 0.311 0.399* 0.436* 0.360*
(0.197) (0.201) (0.198) (0.201) (0.203)
R_AREA 0.033 0.086 0.069 0.611** 0.543"*
(0.102) (0.105) (0.103) (0.131) (0.133)
FREQ 0.021 0.027 0.161+ 0.194* 0.181*
(0.079) (0.080) (0.084) (0.087) (0.087)
Independent EX_TEND 0.816™* 0.634**
(0.102) (0.106)
AGE —0.164** —0.229* —0.203**
(0.036) (0.043) (0.043)
ANTI 0.512* 0.373
(0.224) (0.229)
Interaction AGE * ANTI 0.175" 0.152*
(0.064) (0.065)
Intercept Constant —0.647 —1.017 —0.421* —0.846"* —1.060"*
(0.116) (0.128) (0.125) (0.162) (0.168)
N 1,825 1,825 1,825 1,825 1,825

Tp < 0.1, *p < 0.05, *p < 0.01, **p < 0.001. Standard errors of the coefficient estimates are in parentheses.

those operating in areas with a weak government. At the same
time, the probability of explosive tendency decreases significantly
with increasing duration of terrorist organizations in the solid-
line group without adjustment effect, which once again confirms
the negative effect of terrorist organization duration on the
tendency in H3. The negative effect of the duration is significantly
mitigated in the dashed group corresponding to the moderating
effect, and the slope is relatively flat. Figure 4B shows the
moderating effect in the robustness analysis, and again, terrorist
groups under the moderating effect are significantly more likely

to prefer explosive attacks regardless of their duration. In
summary, the four hypotheses, three main effects, and one
moderating effect proposed in this article are all confirmed.

6. DISCUSSION

As the three hypotheses proposed in this study are validated,
we will highlight how the analysis of explosive attack tendency
isomorphism within institutional theory’s perspective can
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FIGURE 4 | Coercive isomorphic moderating effects in terrorist
duration-explosive tendency. (A) Moderating effects in model 3. (B)
Moderation effects in the robustness analysis model R3.

implicate CT practices. Meanwhile, we will also explore the
limitations of the study.

The influence of pre-existing terrorist organizations on
the explosive tendency of subsequent terrorist organizations
operating primarily in the same countries is intense, and
the mimetic isomorphic shows significant effects. It is crucial
for states, security personnel and CT experts to interrupt
this contagion-like process. The destruction of the learnable
attack experience is one of the critical means. For example,
when it is found that pirates want to learn from previous
successful experience and continue operating in locations
where there have been results, a successful rescue, to destroy
the “this place is conducive to attack® experience, it can
greatly ameliorate the security situation (Di Salvatore, 2018).
This is helpful situational crime prevention (SCP) approach,
which means adopting situational measures to reduce the
chances of offending to prevent specific types of incidents
(Clarke, 2013). The experiences formed from one successful
attack consist of elements such as the target’s vulnerability
in this incident, the method of weapon usages, the results,
etc. Strengthening protection for similar vulnerable targets,
increasing the difficulty of acquiring similar weapons, and

reducing the spread of fear may be effective ways to reduce
learning among terrorist organizations.

Although the effect is not as strong as mimetic isomorphism,
normative and coercive isomorphism also significantly impact
the similarity of terrorist organizations. And these two
isomorphic processes dialectically reveal the relationship
between terrorist organizations and their institutional cages.
The longer a terrorist organization survives, the more capable
it becomes, and the richer its tactics and targets. If the country
in which it operates is strong enough, then it may also suppress
this trend. How to go beyond merely suppressing the diverse
capabilities of terrorist organizations to further stop terrorist
organizations and terrorism? The first answer is to address
the root causes of terrorism. This is a long-term program that
requires improvements in all aspects of politics, economics,
conflict, etc., that we have mentioned. Without a turbulent
institutional environment, the citizens will lose their reason to
radicalize, potential supporters will abandon their commitment
to terrorism, and terrorist groups delusions of becoming
more professional will only get more ridiculous. On the other
hand, when the root causes are addressed, a formed terrorist
organization may continue to operate until it is entirely
physically eliminated (Crenshaw, 1981). At this point, it must be
coupled with the short-term approaches discussed in the analysis
of mimetic isomorphism, which is also highlighted by Bjorgo
(2013): protecting the vulnerable targets, disrupting the planned
attacks, mitigating tragic consequences, reducing feedback from
attacks to terrorist organizations, etc.

Overall, while the trend of terrorist attacks is still severe, the
number of global terrorist attacks has increased in the last decade.
But with the involvement of studies in the field of terrorism and
CT, this dismal situation may be reversed. It is also hoped that
this article can provide some modest theoretical contributions to
public security.

There are two main limitations of this article. First, it is
challenging to obtain panel data containing a relatively large
number of organizations. While GTD contains very detailed data
on global terrorist attacks, unfortunately, many terrorist attacks
are hard to know the terrorists or terrorist organizations that
perpetrated them, which creates limitations. Second, we have
not addressed the issue of transnational terrorist organizations
sufficiently. As the three hypotheses concern, the current study
focuses primarily on the institutional environment posed by
a single country, while the more complex situations faced by
transnational organizations we have not adequately considered.
In future research, we will further apply institutional theory to
study transnational terrorist organizations’ behavioral patterns.

7. CONCLUSION

This article analyzes and empirically investigates the explosive
tendency of terrorist organizations from three perspectives:
coercive, normative, and mimetic isomorphism, based on
institutional theory. The results indicate that (a) Terrorist
organizations will learn from the experience of pre-existing
terrorist organizations and that this imitative behavior will
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contribute to the formation of explosive tendencies. (b) As
the duration of a terrorist organization increases, its explosive
tendency diminishes or disappears. This is due to the longer
duration, which means the retention of strategic space for
terrorist organizations, the weakness of governments, and
increased bargaining power. At this point, multiple methods of
a terrorist attack may be an option, and bombing is no longer
the only choice. (c) Terrorist organizations often have little room
for maneuver and little bargaining power when confronted with
a strong government. This can lead to a preference for relatively
more straightforward and more damaging explosive attacks when
avenues such as hijacking and kidnapping are challenging to
pursue. Thus, if terrorist groups operate primarily in strong
government strongholds, their growth over time will not allow
them to flourish. In the face of an intense government siege,
explosive attacks are likely to remain at the of their propensity.
The above findings illustrate the applicability of the
institutional theory in explaining the isomorphism of terrorist
behavior, especially the convergence of attack methods.
Moreover, they elucidate the role of coercive and normative
isomorphic drivers in the isomorphism of terrorist behavior,
which has received little attention in previous studies: unlike
the isomorphic reasons why business organizations are subject
to government regulation and industry norms, the claim of
“legitimacy” of terrorist organizations is anti-government, the
widespread use of bombings as a better bargaining tool for
terrorist activities in order to survive in the general war on terror.
The study suggests that counter-terrorism approaches such
as destroying the learnable experience of attacks, addressing the
root causes of terrorism, and maintaining a strong government
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With organizational environments becoming increasingly complex and volatile, the
concept of “organizational resilience” has become the “new normal”. Organizational
resilience is a complex and multidimensional concept which builds on the myriad of
capabilities that an organization develops during its lifecycle. As learning is an inherent
and essential part of these developments, it has become a central theme in literature on
organizational resilience. Although organizational resilience and organizational learning
are inherently interrelated, little is known of the dynamics of effective learning that may
enhance organizational resilience. This study explores how to achieve organizational
learning that can serve to promote organizational resilience. Our aim is to contribute
to a more comprehensive knowledge of the relation between organizational resilience
and organizational learning. We present the results of a systematic literature review
to assess how organizational learning may make organizations more resilient. As both
organizational resilience and organizational learning are topics of practical importance,
our study offers a specifically targeted investigation of this relation. We examine the
relevant literature on organizational learning and resilience, identifying core themes and
the connection between the two concepts. Further, we provide a detailed description
of data collection and analysis. Data were analyzed thematically using the qualitative
research software NVivo. Our review covered 41 empirical, 12 conceptual and 6 literature
review articles, all indicating learning as mainly linked to adaptation capabilities. However,
we find that learning is connected to all three stages of resilience that organizations need
to develop resilience: anticipation, coping, and adaptation. Effective learning depends
upon appropriate management of experiential learning, on a systemic approach to
learning, on the organizational ability to unlearn, and on the existence of the context
that facilitates organizational learning.

Keywords: organizational resilience, organizational learning, organizational unlearning, organizational
capabilities, experiential learning, crisis management
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INTRODUCTION

With organizational environments becoming more and more
complex and volatile, the concept of “organizational resilience”
(OR) has become increasingly significant for practice and
research. OR is here understood as the organization’s “ability
to anticipate potential threats, to cope effectively with adverse
events, and to adapt to changing conditions” (Duchek, 2020,
p. 220). Thus, anticipation, coping, and adaptation represent
three stages of OR. Further, the literature indicates that OR
is an essential organizational meta-capability for the success of
modern organizations (Parsons, 2010; Naswall et al., 2013; Britt
et al., 2016; Suryaningtyas et al., 2019). OR has indeed become
the “new normal” (Linnenluecke, 2017) regarding organizational
survival as well as recovery and successful re-emergence after
disruptions. Understanding OR is therefore more important
than ever (Ruiz-Martin et al., 2018). However, OR is still an
emerging field (Ma et al., 2018)—and a key question that remains
unanswered is how to achieve it (Boin and Lodge, 2016; Chen R.
et al., 2021).

Research is explicit on the complexity and multidimensional
nature of OR: it is associated with an organization’s capabilities
to learn, adapt, and self-organize (Linnenluecke and Griffiths,
2010), where learning is an inherent and essential element (Boin
and van Eeten, 2013). This links OR to learning processes
(see, e.g., Lengnick-Hall et al., 2011; Rodriguez-Sanchez and
Vera Perea, 2015), where learning has become a common
theme in resilience literature. Khan et al. (2019, p. 18) argue,
“[o]rganizational learning capability is positively related to
building and sustaining organizational resilience capability.”
While OR is defined at the organizational level, the inherent
learning is organizational learning (OL), understood as an
“[ongoing] social process of individuals participating in situated
practices that reproduce and expand organizational knowledge
structures and link multiple levels of OL” (Popova-Nowak
and Cseh, 2015, p. 318). Furthermore, research has noted the
similarities between OR and OL (Sitkin, 1992; Linnenluecke
and Griffiths, 2010), as both require routines, values, models,
and capabilities essential for organizations facing uncertainty.
OR has also been defined as an outcome of organizational
learning (Sitkin, 1992; Sutcliffe and Vogus, 2003), suggesting
that organizational learning capability may be enhanced by OR
(Rodriguez-Sanchez et al., 2021). However, OR is also a process
(Boin et al., 2010) that facilitates OL and feeds organizational
self-development over time (Lombardi et al., 2021). This makes
OL both an important precondition for OR which relies on
past learning, and an outcome of it that fosters future learning
(Vogus and Sutcliffe, 2007). OR and OL may therefore reinforce
each other.

Although OR and OL are inherently interrelated, our
understanding of the dynamics of effective learning is limited
(Antonacopoulou and Sheaffer, 2014), and further study is
needed of the relationship between organizational learning and
resilience (Mousa et al., 2017, 2020; Rodriguez-Sanchez et al.,
2021). Further research on learning connected to OR is needed
to understand “the character of this learning and what specific
resources give rise to it” (Vogus and Sutcliffe, 2007, p. 3421).

Moreover, investigation is needed of what triggers learning and
corresponding processes and exploring of the effective learning
strategies that allow resilient organizations to avoid pathological
learning cycles (Vogus and Sutcliffe, 2007). Our aim with
this study is therefore to contribute to more comprehensive
knowledge on the relationship between OR and OL and to
further explore the relationship between them by asking the
research question: How to improve organizational learning to
make organizations more resilient?

THEORETICAL FRAMEWORK

OL assumes interaction of its multiple levels of analysis, including
the individual, group, organizational, and inter-organizational
levels (Lundberg, 1995; Ortenblad, 2004; Popova-Nowak and
Cseh, 2015). Being a social process, OL is embedded in everyday
organizational practice when individuals acquire, produce,
reproduce, and expand organizational knowledge (Lave and
Wenger, 1991; Gherardi et al., 1998; Gherardi and Nicolini, 2002;
Gherardi, 2008; Chiva et al., 2014). This individual knowledge,
either explicit or tacit (Cook and Yanow, 1993), must become part
of organizational repository that includes tools, routines, social
networks and transactive memory systems (Huber, 1991, p. 89-
90; Walsh and Ungson, 1991; Argote and Ingram, 2000; Argote,
2011). OL directly affects organizations facing turbulence (Baker
and Sinkula, 1999) and involves “the extraction of positive lessons
from the negativity of life” (Giustiniano et al., 2018, p. 133) that
are useful to the whole organization. OL will therefore directly
affect how resilient organizational performance is (Giustiniano
et al., 2018).

Learning is emergent in nature (Antonacopoulou and
Sheaffer, 2014). As a continuous process, OL implies
accomplishment of specific steps. However, what those steps are
varies, though with certain overlaps, across the literature (see,
e.g., Huber, 1991; Argyris and Schon, 1996; Crossan et al., 1999;
Lawrence et al., 2005; Jones and Macpherson, 2006; Argote and
Miron-Spektor, 2011; Argote et al., 2020). Further, OL may vary
in complexity and outcomes. At the lower (single-loop) level, OL
results in detection and correction of errors “without questioning
or altering the underlying values of the system” (Argyris and
Schoén, 1978, p. 8). At the higher (double-loop) level of learning,
“errors are corrected by changing the governing values and
then the actions” (Argyris, 2002, p. 206). Triple-loop learning
(deutero-learning) enables organizations to learn about their
own learning processes (Argyris and Schon, 1978, 1996). OL may
be exploratory—associated with “search, variation, risk taking,
experimentation, play, flexibility, discovery and innovation”
(March, 1991, p. 71), or exploitive—utilizing the “old certainties”
(March, 1991, p. 71). The trade-off between the two is a key
concern of studies of adaptive processes; organizations need to
have an appropriate balance between these strategies (Levinthal
and March, 1993) to maintain “ambidexterity” (Lavie et al.,
2010). Importantly, OL is not necessarily always a conscious
or intentional effort, neither does it imply behavioral change
(Hernes and Irgens, 2013) or always increase the learner’s
effectiveness (even potential effectiveness); finally, it does not
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always lead to true knowledge, as organizations “can incorrectly
learn, and they can correctly learn that which is incorrect”
(Huber, 1991, p. 89).

Organizations struggle to implement OL (Lipshitz et al,
2002; Reich, 2007; Garvin et al, 2008; Taylor et al, 2010;
Antonacopoulou and Sheaffer, 2014) due to a wide range of
barriers (see, e.g., Schilling and Kluge, 2009). Productive OL
is complex and relies on the interaction of various facets—
cultural, psychological, policy, and contextual (Lipshitz et al.,
2002; see also Garvin, 1993). These interactions may produce
differing configurations and will vary across organizations.
Experience has a special role as a key prerequisite for OL, but
experience is extremely diverse in nature (Argote and Todorova,
2007; Argote, 2011; Argote and Miron-Spektor, 2011) and its
relevance is only partial (Weick and Sutcliffe, 2015). In order for
experience to be a “good teacher” (March, 2010) organizations
must understand its nature and how different types of experience
interplay (Argote and Miron-Spektor, 2011). The relationship
between the experience and learning processes and outcomes is
moderated by context (Argote, 2011, p. 441). Effective OL relies
on a suitable context (Antonacopoulou and Chiva, 2007, p. 289)
that can be complex and multidimensional (Argote and Miron-
Spektor, 2011): inter alia, external organizational environments,
organizational culture, strategy and structure, power relationship
within the organization and inter-organizational processes and
interactions. The contextual components through which learning
occurs are active, whereas others that shape the active context are
latent (see Argote and Miron-Spektor, 2011 for details).

Thus, OR is founded on learning processes (assessment,
sense making, distilling lessons learned and integration of
new understandings into existing practice) that are embedded
in organizational routines (Powley and Cameron, 2020) that
penetrate all stages of OR (Duchek, 2020). Achieving OR
requires commitment and studying this commitment implies an
enquiry into organizational learning, knowledge, and capability
development (Weick and Sutcliffe, 2015, p. 108). Research has
noted that different types of resilience associate with different
learning strategies: adaptive resilience has been associated with
single-loop learning (Lombardi et al., 2021, p. 2). In contrast,
reactive resilience refers to the ability to view disruptions
as sources of learning and growth at various organizational
levels, where organizations must adopt new practices based on
their experience, resulting in a double-loop learning. Resilience
also entails a process of deutero-learning or “learning to
learn” (Andersen, 2016), thus requiring a completely new
experimentation approach. OR is enhanced when organizations
build routines that can facilitate OL. The major challenge for an
organization that aims at enabling resilience is to establish the
right learning routines (see, e.g., Kayes, 2015): that is to say, those
that achieve effective/productive OL.

METHODS

A systematic literature review (SLR) was chosen since it facilitates
gathering of a wide range of relevant sources (Crossan and
Apaydin, 2010) and ensures clarity of inclusion and exclusion

criteria (Mackay and Zundel, 2017)—important when, as with
OR, intellectual coherence or a standard theoretical framework
is lacking (Linan and Fayolle, 2015). Our review was outcomes-
oriented, aiming to identify “central issues” (Cooper, 1988, p.
109); relevant literature was retrieved through an exhaustive
review with selective citation, to consider all relevant publications
for the research question. SLR involves two stages: a sampling and
an analytical stage (Figure 1).

Conducting the Review

The Sampling Stage

Our initial search criteria were broad to include as many relevant
results as possible. To obtain an overview of the available
literature, the following databases were used: Science Direct, Web
of Knowledge (Search in the core collection) and Google Scholar
(for the latest publications and gray literature).! As Google
Scholar is a compilation of records from other databases (Kugley
etal,, 2017) several articles had already been identified by Science
Direct and Web of knowledge. All databases are frequently used
by researchers of various disciplines (Xiao and Watson, 2019).
The literature search was performed by the first author, in the
period March-May 2021, covering publications between 1900
and 2021. A diary was made to keep record of the results, with
search dates, search strings and results.

Search strings were developed by applying the keywords
“organizational resilience” and “organizational learning”. In Web
of Knowledge, the Boolean operator (AND) was applied together
with truncation symbol of the asterisk to include all forms of the
words [TS = (resilien* AND organi* AND learning)]. The same
keywords were applied in Science Direct; as both UK and US
spelling variants are supported, there was no need for truncation
symbol. Google Scholar offers limited search terms options,
and the selection is not as transparent as Web of Knowledge
and Science Direct. However, we performed a search in Google
Scholar to broaden the number of publications and ensure the
latest articles from all fields and disciplines. Only the three first
pages were included. The initial search performed by the first
author yielded 2,985 articles. Next, the same author went through
the abstracts and keywords. In cases where abstracts were not
sufficiently informative, the article was read through quickly.
Duplicates were removed, which reduced the number of articles
from 170 to 165.

The following criteria were used in the screening process
resulting in 2,985 publications:

Inclusion Criteria

1. Empirical, conceptual, and theoretically oriented publications
about organizational learning within organizational resilience

2. Publications written in English

1“Grey literature stands for manifold document types produced on all levels of

government, academics, business and industry in print and electronic formats that
are protected by intellectual property rights, of sufficient quality to be collected
and preserved by library holdings or institutional repositories, but not controlled
by commercial publishers, i.e., where publishing is not the primary activity of the
producing body” (Schépfel, 2010).
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Web of
Science (137)

Web of Science
(1260)

ScienceDirect
(15)

ScienceDirect
(1695)

—

Publications
(n=2985)

Publications
(n=165)

Google Scholar

(30) Google

Scholar (13)

—

Publications
(n=59)

Deductively and inductively
coding process

Removed duplicates, which
reduced the amount from
170 to 165.

Exclusion criteria: Abstract,
keywords.

Excluded 2785, included 165

Exclusion criteria: Based on
full reading. Excluded
publications that did not
elaborate on organizational
learning in the context of
organizational resilience,
and vice versa.

FIGURE 1 | Methodological steps for literature review (source: the authors).

Article type (applied only in Science Direct): Review articles,
research articles, book chapters, conference abstracts and
data articles

. Subject areas (only in Science Direct): Social sciences,
environmental science, business, management and
accounting, engineering

Exclusion Criteria

1. Non-academic journals

2. Publications not issued in English or Norwegian

3. Article type (only in Science Direct): encyclopedias, book
reviews, case reports, conference info, correspondence,
discussions, editorials, errata; examinations, mini-reviews,
news, practice guidelines, short communications, software
publications, other

Subject areas (only in Science Direct): medicine and dentistry,
psychology, agricultural and biological sciences, computer
science, energy, neuro-science

Analytical Stage

The articles were randomly distributed to the three authors for
a full reading, so that each article could be sorted as follows:
(1) How organizational learning contributes to organizational
resilience; (2) How OR contributes to organizational learning; (3)
Uncertain. Articles placed in the latter category were discussed
and given an additional full reading by the first author before
a decision on category placement, or exclusion was made. As

a result of this analytical screening process, 59 articles were
included in the final review. After the phases of thematic
analysis (Braun and Clarke, 2006) the articles were coded
in NVivo 20 (Release 1.5). A deductive coding scheme was
developed, based partly on Boyatzis (1998) approach. Theory on
organizational learning informed the following deductive coding
categories: experience; practices; strategies; effective learning;
mechanisms; knowledge; processes and context. The Duchek
(2020) conceptualization of resilience informed the codes:
anticipation; coping; adaptation. The coding process started
deductively; we inductively created additional codes underway.
The first round of coding was performed by the first author and
then presented to the co-authors. The second round of coding
was performed by the first and second authors, and themes were
created when we found “something important in relation to
the overall research question” (Braun and Clarke, 2006, p. 83).
Data were aggregated into clustered codes (Miles and Huberman,
1994). A memo of the coding process was kept in NVivo. Analysis
of our findings is presented below.

LITERATURE REVIEW

The literature on organizational resilience has expanded
massively in recent years, developing from being highly
conceptual to containing increasingly more empirical
contributions. Our 59-article review is presented in Table 1:
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TABLE 1 | Overview of articles and stage of organizational resilience for their organizational learning focus (Source: the authors).

References Type Method* Context** Journal OR stage
Adini et al. (2017) LR Systematic Safety Technological Forecasting and Social ~ No
Literature Review Change
and Modified Delphi
Al-Atwi et al. (2021) E Quantitative Wide range of industries International Business Review Coping Adaptation
(Middle East)
Anderson et al. (2020) * Healthcare Applied Ergonomics Anticipation Adaptation
Annarelli et al. (2020) E Quantitative Large service company Sustainability Adaptation
Case study (Europe)
Azadegan et al. (2019) E Quantitative Manufacturing (Sweden; International Journal of Production No
Switzerland; Germany) Economics
Battisti et al. (2019) Quantitative SMEs (New Zealand) Journal of Business Research Adaptation
Bhaskara and Filimonau (2021) E Qualitative Tourism enterprises (Bali) Journal of Hospitality and Tourism Coping Adaptation
Management
Bragatto et al. (2021) E Quantitative Seveso (high-risk) industries  Journal of Hospitality and Tourism No
(Italy) Management
Chand and Loosemore (2016) E Qualitative Healthcare (Australia) Building Research and Information Adaptation
Chen K. D. et al. (2021) E Quantitative Automotive supply networks  Decision Sciences No
Crick and Bentley (2020) E Qualitative and Universities International Journal of Sustainable Adaptation
Quantitative Engineering
Dohaney et al. (2020) E Qualitative and Universities (New Zealand) International Journal of Disaster Risk No
Quantitative Reduction
Duchek et al. (2020) C * = Business Research Anticipation Adaptation
Duchek (2020) C * = Business Research Anticipation Coping
Adaptation
Dutra et al. (2015) E Qualitative Various organizations Ocean and Coastal Management Adaptation
(Australia)
Ekstedt and Odegard (2015) E Qualitative Healthcare (Sweden) Cognition Technology and Work No
Elliott and Macpherson (2010) E Qualitative Local authorities (UK) Safety Coping Adaptation
Fannoun and Kerins (2019) E Qualitative Software development (UK)  Learning Organization No
Fasey et al. (2021) E Quialitative and Elite sport experts (UK, Psychology of Sport and Exercise Adaptation
Quantitative USA, Europe, Australasia)
Delphi
Friday et al. (2021) LR Systematic review Health care supply chains Journal of Humanitarian Logistics and  Anticipation
Supply Chain Management
Fridell et al. (2020) LR Scoping review Healthcare International journal of health policy Adaptation
and management
Gilson et al. (2020) Qualitative Healthcare (South Africa) Social Science and Medicine No
Gressgard and Hansen (2015) Quantitative Qil and gas (Norway) Reliability Engineering and System No
Safety
Habiyaremye (2021) E Qualitative SMEs (South Africa) Sustainability Adaptation
Hardy (2014) Case study Complex systems (USA) Annual Reliability and Maintainability Anticipation Adaptation
Symposium.
Hecht et al. (2019) E Qualitative Local food system (USA) Journal of the Academy of Nutrition Adaptation
and Dietetics
Hegde et al. (2020a) E Qualitative Healthcare (USA) Journal of Cognitive Engineering and  Anticipation
Decision Making
Hegde et al. (2020b) Qualitative Healthcare (USA) Applied Ergonomics Adaptation
Herbane (2019) E Quantitative SMEs (UK) Entrepreneurship and Regional Adaptation
Development
Hermelin et al. (2020) E Interactive research Healthcare (Sweden) Cognition Technology and Work Anticipation Adaptation
Hillmann et al. (2018) E Qualitative MBA students (Germany) Journal of Management Education Anticipation Coping
(experimental
character)
Hillmann and Guenther (2021) LR Systematic review = International Journal of Management No

Reviews

(Continued)

Frontiers in Communication | www.frontiersin.org

75

February 2022 | Volume 7 | Article 837386


https://www.frontiersin.org/journals/communication
https://www.frontiersin.org
https://www.frontiersin.org/journals/communication#articles

Evenseth et al.

Building Organizational Resilience

TABLE 1 | Continued

References Type Method* Context** Journal OR stage
Johannesen et al. (2020) Qualitative Healthcare (Norway) Bmc Health Services Research No
Johnsen and Habrekke (2009) Quantitative Railways (UK) In ESREL 2008 proceedings: Safety, No
Reliability and Risk Analysis: Theory,
Methods and Applications
Johnsen and Stene (2014) E Qualitative and Aviation/space (USA) In Steenbergen et al. (eds) Safety, No
Quantitative Reliability and Risk Analysis: Beyond
the Horizon
Khan et al. (2017) E Qualitative Drinking water (Australia) Environmental Science-Water Adaptation
Research and Technology
Klockner and Meredith (2020) E Quantitative Road transport (Australia) Safety Adaptation
Manfield and Newey (2018) * Entrepreneurship International Journal of Coping Adaptation
Entrepreneurial Behavior and
Research
Martinelli et al. (2018) E Qualitative SMEs (ltaly) International Journal of Adaptation
Entrepreneurial Behavior and
Research
Morais-Storz and Nguyen (2017)  C * * Learning Organization Adaptation
Mousa et al. (2020) E Quantitative Universities (Egypt) Journal of Workplace Learning No
Naimoli and Saxena (2018) LR Multiple purposive Healthcare Health Policy and Planning Adaptation
literature searches
Nicolletti et al. (2019) E Qualitative Qil and gas (Brazil) Journal of Cleaner Production Adaptation
Nyman (2019) Qualitative Railway (Sweden) Risk Hazards and Crisis in Public Adaptation
Policy
Orth and Schuldis (2021) E Quantitative For-profit organizations The Learning Organization Adaptation
(Germany; Austria)
Pal et al. (2014) E Qualitative and Textile SMEs (Sweden) International Journal of Production Adaptation
Quantitative Economics
Patriarca et al. (2018) E Quantitative Healthcare (Central Europe)  Safety and Health at Work Adaptation
Prasad et al. (2015) * Micro enterprises (The Disasters No
developing world)
Provan et al. (2020) C * Safety management Reliability Engineering and System Adaptation
Safety
Rangachari and Woods (2020) C * Healthcare International Journal of Environmental ~ Coping Adaptation
Research and Public Health
Ritz et al. (2015) ¢} * Safety International Journal of Environmental ~ Coping Adaptation
Research and Public Health
Salanova (2020) C * Organizational psychology International Journal of Social Adaptation
Psychology
Scholten et al. (2019) E Qualitative Supply chain network Supply Chain Management-an Adaptation
International Journal
Sengul et al. (2019) E Quantitative Seveso (high- risk) Proceedings of the Institution of No
industries (Turkey) Mechanical Engineers Part O-Journal
of Risk and Reliability
Steen and Ferreira (2020) E Qualitative Local authorities (Norway) Reliability Engineering and System Adaptation
Safety
Tasic et al. (2020) E Qualitative and Security services (Southeast — Journal of Risk Research Coping Adaptation
Quantitative Asia)
Ungar (2018) C * Safety Ecology and Society Adaptation
van Trijp et al. (2018) LR * Emergency response International Journal of Emergency Adaptation
organizations Management
Wright et al. (2009) E Qualitative Automotive (Asia) Asia Pacific Business Review No

*Methodology is not mentioned for conceptual articles and some review articles.

**Context is not mentioned.

six mixed methods; further, healthcare (13), universities (4),
SMEs (5) and transport (4) are the dominant contexts. The
articles were published in 45 different journals, in addition to

41 empirical, 12 conceptual and 6 literature-review articles.
The empirical articles use various types of data from different
contexts; 19 use qualitative data, 13 apply quantitative data and
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two book volumes and two conference/symposium proceedings;
and no single journal dominates. The highest number of
contributions within one journal was three, for Reliability
Engineering ¢ System Safety. The journals are located within
many different fields, with business (11) predominant, followed
by safety (7), learning (4) and healthcare (5). Regarding
geographical context for the empirical studies, all continents are
represented, with Europe dominant (19), followed by Australasia
(6) and the USA (5).

Our review shows that learning is connected to resilience
through the capabilities that organizations must possess and
develop. Scholten et al. (2019) pointed out that “learning is
ongoing across all stages of a disruption” (p. 439); we found
that the same can be said about learning in the resilience stages.
Our review shows that learning can prepare organizations for
future events. Eight articles explicitly address learning as part
of the anticipation capability. Overall, we see that anticipation
refers to proactive action (Hardy, 2014; Duchek, 2020) where
organizations detect “emerging problems” (Anderson et al,
2020, p. 2), “anticipate what could happen in an actual
event” (Hermelin et al, 2020, p. 670) and then act on this.
Adding experience to the organization’s knowledge base is
crucial, influencing how successful the organizational ability to
anticipate further needs will be. Anticipation is dependent on
the organizational ability to learn (Hillmann et al., 2018), which
“guides and supports” (Ritz et al,, 2015, p. 1868) advancement
to the next stage of the resilience process: coping. Moreover,
learning developed during this stage will inevitably influence
capabilities developed in the two other stages (Anderson et al.,
2020), and further improve organizational response. Nine articles
explicitly address learning as part of capabilities to cope with
uncertainty and sudden changes (Al-Atwi et al, 2021). We
noted a tendency to address the role of learning in coping as a
chance for organizations to expand their cognitive and behavioral
perspectives (Tasic et al.,, 2020) and thus broaden the range of
actions (Duchek, 2020) to build resilience to offer “better future
protection” (Manfield and Newey, 2018, p. 1161). However, our
study shows that the literature on OR learning is overwhelmingly
concerned with adaptation capabilities. Altogether 38 articles
explicitly include learning as part of adaptation, which could
be explained by the fact that “adaptation may be what truly
defines resilience” (Hardy, 2014). Learning is central to the
adaptive capacity of an organization (Orth and Schuldis, 2021)
and adaptability is held to be closely related to organizational
learning (Bhaskara and Filimonau, 2021). Organizations must
continuously absorb information and adapt to changes in
the environment, in turn building on continuous learning
(Battisti et al., 2019). Similarly, Crick and Bentley (2020) state
that the interaction between absorbing information and the
environment that can lead to adaptation is driven by learning;
while Dutra et al. (2015) argue that adaptation occurs through
learning and transmission of knowledge. In the context of
developing organizational resilience, adaptation means more
than simply getting the organization back to normal—it also
involves developing capabilities to change and learn (Scholten
et al.,, 2019; Duchek et al., 2020). As shown by Bragatto et al.
(2021), building resilience involves more than just adapting

disaster management plans: it also entails understanding and
managing people’s behavioral norms and mental models to help
them unlearn behaviors which might have led to failure in the
first place.

ANALYSIS OF FINDINGS

Our findings affirm and strengthen the link between
Organizational Learning (OL) and Organizational Resilience
(OR). Whereas, Pal et al. (2014) found that learning increased
resilient performance, Nyman (2019) argued that learning is a
“precondition for resilience”. Mousa et al. (2020) have showed
the role that organizational learning plays in predicting OR,
while others, like Bhaskara and Filimonau (2021), highlight this
relationship by arguing that limited organizational learning is a
disadvantage for developing resilience: it is important to “aim
at facilitating organizational learning” (p. 373). Our findings
highlight the importance of identifying the determinants of OL
in order to improve OR (Bhaskara and Filimonau, 2021); further,
that resilience can be learned and therefore deliberately built
(Manfield and Newey, 2018; Salanova, 2020). The identified main
elements of OL for improving OR are appropriate management
of experiential learning, a systemic approach to learning, the
organizational ability to unlearn, and the existence of the context
that facilitates organizational learning.

Learning From Experience
The importance of experiential learning has been heavily
stressed in the OR literature (Hecht et al, 2019; Bragatto
et al., 2021; Habiyaremye, 2021). Chand and Loosemore (2016)
point out that such experience can be acquired during real
events, training exercises and drills. Several authors address
the important role of training and exercises (e.g., Chand and
Loosemore, 2016; Adini et al.,, 2017; Khan et al., 2017; Hecht
et al,, 2019; Hermelin et al., 2020; Tasic et al., 2020; Bhaskara
and Filimonau, 2021), including the post-exercise debriefing
session as learning-promoting activities that will enhance OR.
Moreover, OR may be improved by experience and learning
from accidents, with a focus on clear communication and
common training to share experiences from “accidents, fatalities
and good practices” (Johnsen and Habrekke, 2009, p. 8). Both
positive and negative learning from own experiences is crucial for
showing how to increase positive outcomes and avoid negative
ones (Anderson et al.,, 2020). Learning from failures is among
the key capabilities of a resilient organization (Herbane, 2019;
Bhaskara and Filimonau, 2021); further, some (e.g., Madsen
and Desai, 2010, cited by Manfield and Newey, 2018) have
argued that organizations can learn more from failure than
success, particularly on the case of major failures. There are
also important lessons to be learned from successes (Hardy, 2014;
Hermelin et al., 2020) and from reflecting on positive outcomes.
Scholten et al. (2019, p. 438) point out that organizations that do
not “reflect on positive outcomes might inhibit organizations in
seizing all the benefits of intentional experiential learning.”
However, past experiences may provide limited learning
opportunities (Bhaskara and Filimonau, 2021). Although
experience can enable organizations to replay what has been
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previously learned, they may fail “to prepare [...] for unforeseen
and unpredicted events” (Elliott and Macpherson, 2010, p.
16). Established “best practices” may not be suitable for other
crisis situations (Elliott and Macpherson, 2010, p. 16) and
knowledge gained from one context cannot always be readily
transferred to a different context: “coping with crisis cannot
just be about deliberately acquiring a set of transmitted abilities,
since to achieve competent practice depends on becoming better
by doing” (Elliott and Macpherson, 2010, p. 6). The diverse
nature of some events may also impede effective OL (Bhaskara
and Filimonau, 2021). Past experiences may be codified into
standard practices with “step-by-step” guidelines and operating
procedures. However, such “codified learning” is problematic,
as “the actual practice evolves as those in charge or involved
in circumstances make sense of the ambiguous information,
confused circumstances and incomplete data with which they
are faced” (Elliott and Macpherson, 2010, p. 10). Therefore,
codified learning can “only ever be partially successful” (Elliott
and Macpherson, 2010, p. 11).

Another finding is the importance of how experience is
dealt with. To ensure a true learning experience, acquired
knowledge should be applied to real situations (Hillmann
et al, 2018). Assuming that resilience is built through a
combination of specific theoretical input and experiential
learning, a combination will positively influence e.g., long-
term learning and “thinking in complexity through imagining
different futures” (Hillmann et al., 2018, p. 481). For example,
extreme weather events have been found to “provide the
best opportunities for experiential learning about how to
improve hospital resilience to such events” and “embedding
such experiences into hospital disaster management planning
processes” (Chand and Loosemore, 2016, p. 885). Although
crisis events have been subjected to extensive investigation,
it is evident that organizations often fail to learn effectively,
even when crises are regular events (Bhaskara and Filimonau,
2021). One contributing factor for this failure may be the
fragmented nature of our understanding, and the resulting
piecemeal conceptualization of the learning process (Elliott and
Macpherson, 2010). For example, a disturbance may be familiar
to the organization; but, due to bounded rationality, the need
for new learning is not always identified, as organizations
will often choose to fall back on old practices instead of
developing new ones (Manfield and Newey, 2018). This results
in lowered reintegration and internationalization of learning
and reduced organizational resilience that stops being a growth
experience (Manfield and Newey, 2018). Moreover, time lag and
spatial distance may challenge the opportunity to learn from
experience with a specific situation (Anderson et al., 2020).
Therefore, improved organizational learning must involve better
understanding of the causes of accidents (Johnsen and Habrekke,
2009), with a focus on triple-loop learning (Bragatto et al,
2021). It is not sufficient merely to collect reports of problems:
organizations need to ensure that the reports are studied, and
corrective actions implemented (Hardy, 2014). Another cause
of unsuccessful OL is in confusing learning with identifying
lessons (Elliott and Macpherson, 2010): “organizations often
generate new knowledge (lessons learned) but fail to translate

this knowledge into new behaviors” (Duchek, 2020, p. 231). It is
important to recognize that lessons have not been learned until
they are successfully implemented (Chand and Loosemore, 2016;
Duchek, 2020).

Several authors highlight the value of organizations learning
from the practices and experiences of other organizations
(Gressgard and Hansen, 2015; Johannesen et al., 2020; Bhaskara
and Filimonau, 2021; Fasey et al, 2021; Friday et al,
2021; Habiyaremye, 2021 as central to OL (Khan et al,
2017; Herbane, 2019). This may also spread further, to
a whole network, as suppliers interact with each other,
thereby also facilitating network resilience (Chen K. D.
et al, 2021). Effective learning involves critical reflection at
several levels, with effective communication and information
sharing among the involved actors throughout the system
(Johnsen and Habrekke, 2009; Dutra et al., 2015; Nicolletti
et al, 2019). Such collaboration should “not only capture
lessons learnt but also allow effective use and sharing of
information across the multiple stakeholders involved in
disaster planning” (Chand and Loosemore, 2016, p. 885). Our
findings highlight the importance of a holistic approach to
understanding this collective learning process among the many
stakeholders involved in a disaster response (Bragatto et al.,
2021). Lack of appropriate collaboration with other relevant
stakeholders inhibits OL by depriving organizations of valuable
opportunities to learn from others (Johnsen and Habrekke,
2009; Bhaskara and Filimonau, 2021). Moreover, learning from
others may be inhibited by differing “resources, objectives
and variations in learning experiences” between organizations
(Friday et al.,, 2021, p. 262).

Importance of Continuity and Need for a
System

Building resilience requires capturing and embodiment of
learning into a capability (Hillmann et al., 2018). This in turn
implies learning from adversity and codifying this learning into
resilience capabilities against specific threats, thereby offering
better future protection (Folke et al., 2004, cited by Manfield
and Newey, 2018). Findings also demonstrate the importance of
having systems in place for organizational learning to happen, and
remaining continuous. Such systems must incorporate a range of
learning practices that will ensure better reflection of experienced
crises and as an outcome a more effective learning (Duchek et al.,
2020). Organizations learn “in, from and for crisis” (Elliott and
Macpherson, 2010, p. 3). To enhance OR, learning has to be
ongoing (Chand and Loosemore, 2016; Bragatto et al., 2021),
running across “the continuum of situations” from everyday
practice to action during critical events (Hegde et al., 2020a, p.
75). Our findings emphasize that a resilient system continually
learns, improves, and adjusts, even when stressed, and improves
after a disturbance through adaptation (see also Hardy, 2014;
Martinelli et al., 2018). In contrast to the results of other studies
on learning from near misses, Azadegan et al. (2019) found
that organizations “do learn significantly from such events”
(p. 224). Further, when organizations experience near-misses,
they consider long-term issues by “implementing procedural
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response strategies” (Azadegan etal., 2019, p. 221), such as formal
protocols, policies, and procedures, in contrast to theoretical
suggestions that often indicate consideration of flexible strategies.
Such procedural strategies are in line with double-loop learning,
whereas flexible strategies are more in line with single-loop
learning (Azadegan et al., 2019). Moreover, learning from
accidents, or even more extreme events such as emergencies and
catastrophes, needs to be integrated with learning from minor
consequence events or even from the normal functioning of
everyday activities (Hollnagel, 2011, cited by Patriarca et al., 2018,
p- 267). The literature reviewed highlights how resilient learning
is “ambidextrous,” with a diversity of practices that organizations
should explore and exploit (Al-Atwi et al., 2021), balancing
flexible and procedural strategies (Azadegan et al., 2019).

Our findings also reveal emphasis on the knowledge base, and
how knowledge is managed within the organization (see Elliott
and Macpherson, 2010; Nicolletti et al., 2019; Anderson et al.,
2020; Duchek, 2020; Duchek et al., 2020; Steen and Ferreira,
2020; Habiyaremye, 2021). Knowledge is generated through the
stages of resilience—in other words, from the crisis event context
that can create the need for change. Some authors hold that
the organizational reaction to change is expressed by adaptation
(Naimoli and Saxena, 2018; Fridell et al., 2020) so organizations
must develop their capacity for change, which is predicated on
the capacity for continuous learning (Morais-Storz and Nguyen,
2017). Adaptive learning is crucial to the ability to bounce back
from adverse events that underlie crises (Habiyaremye, 2021).
Therefore, we hold that learning is a mechanism for change
which is needed in developing organizational resilience in the
face of new problems (Anderson et al., 2020; Steen and Ferreira,
2020; Fasey et al., 2021). Knowledge, as the key antecedent of
OR (Duchek, 2020), is also fundamental for resilient system
performance irrespective of the activity in focus (Adini et al.,
2017). It is, however, important to distinguish among sources
of knowledge, as different sources are associated with different
performance outcomes (Battisti et al., 2019).

To develop resilience, knowledge must remain in the
organization, as employees may come and go (Dohaney et al.,
2020). That being said, improved OL relies on the feedback
process where individual lessons are shared collectively (Chand
and Loosemore, 2016). Gressgard and Hansen (2015) argue that,
for learning to contribute to building resilience, diversity of
opinions and perspectives is important. Further, that knowledge
exchange between and across units in the organization increases
the ability to learn from failure, as compared to knowledge
exchange within units. This highlights the need to improve
the feedback process (Bragatto et al, 2021) and develop an
appropriate system for knowledge-sharing from the individual to
the organizational level (Bhaskara and Filimonau, 2021), relying
on various practices (see e.g., Khan et al., 2017; Martinelli et al.,
2018; Hegde et al., 2020a; Habiyaremye, 2021). This system
should be based on trust and inclusion, to ensure efficient
and appropriate communication (Rangachari and Woods, 2020).
Moreover, organizations should develop processes and structures
to utilize knowledge and implement this knowledge into future
responses (Chand and Loosemore, 2016). In the absence of such
systems, OR will remain “reactive (brittle) and restricted to the

frontlines, with no way of advancing to team and organizational
levels” (Rangachari and Woods, 2020, p. 6).

Dimensions of Learning Practices

Our findings also show that organizational learning is established
through both formal and informal practices (see Gressgard and
Hansen, 2015; Hecht et al., 2019; Hermelin et al., 2020; Orth
and Schuldis, 2021)—and that formal practices are particularly
associated with learning from failure (Hardy, 2014). Some
studies find that formal practices ensure more thorough transfer
of information, highlighting that disruption may undermine
informal systems for knowledge exchange (Orth and Schuldis,
2021). Yet, our findings underscore the important role of
informal practices—indicating that earlier analyses have been
overly focused on formal rules and policies, and that new insights
might emerge through a fuller examination of how informal
organizational rules, norms and practices work (Bragatto et al.,
2021). Finally, Chand and Loosemore (2016) note that informal
organizational rules, norms, and practices may “undermine
formal rules in determining... resilience” (p. 886).

With regard to the dimensions of learning, the literature
reviewed for this study also focuses on investigating how lessons
are learned and transferred among the various stakeholders
(Bragatto et al, 2021) by examining the specific learning
mechanisms that lead to differing resilient performance effects
over time (Battisti et al, 2019). Taking as a starting point
that learning is ongoing across all stages of a disruption
[preparation (anticipation), response (coping) and recovery
(adaptation)], Scholten et al. (2019) uncover six specific
learning mechanisms and their nine antecedents for building
supply-chain resilience. They place these mechanisms in
two large categories associated with learning: intentional
and unintentional. Intentional mechanisms are anticipative,
situational, and vicarious learning. Anticipative learning takes
place in anticipation of possible disruptions, aiming at knowledge
transfer through formal training, education and collaboration;
it results in the establishment of new routines or improvement
of existing ones. Situational learning occurs during the coping
stage, in the moment of disruption when organizations need
to target the challenges that could have been anticipated but
were not. Vicarious learning occurs during the adaption stage;
it involves knowledge transfer based on the experiences and
reflections of others. Unintentional learning mechanisms are
processual, collaborative, and experiential learning. Processual
learning occurs because of the proactive knowledge creation
deduced from inherent organizational processes (e.g., changes
in strategy, organizational growth, and operational refinement).
Collaborative learning may occur during the response phase
of disruption, when an immediate solution is needed, but
procedures are lacking. Such instances may trigger collaboration
and knowledge transfer across the actors involved. Experiential
learning is associated with the recovery phase of disruption;
it occurs through transfer of knowledge. Improved future
performance relies heavily on rigorous and thorough learning
from experience (Ellis and Shpielberg, 2003, cited by Scholten
et al., 2019)—as highlighted above. The trap of retrospective
simplification of experience (Christianson et al., 2009, cited by
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Scholten et al., 2019) can be avoided by focusing on interpreting
experience (Levinthal and March, 1993, cited by Scholten et al,,
2019) instead of simplifying it. Finally, Scholten et al. (2019)
highlight the largely overlooked value of unintentional learning.

The Role of Unlearning

OL is a cyclical process consisting of unlearning and learning,
the “metamorphosis cycle” that is central to strategic resilience
(Starbuck, 1967 p. 113, cited by Morais-Storz and Nguyen, 2017,
p. 4). The deliberate process of unlearning can be approached
as a stand-alone process (Fiol and O’Connor, 2017; Grisold
et al, 2020), but it is a constituent component of this cycle
(Tsang and Zahra, 2008, cited by Morais-Storz and Nguyen,
2017). The importance of unlearning has received particular
attention in the literature on OR (Morais-Storz and Nguyen,
2017; Orth and Schuldis, 2021). Unlearning is associated with
“a process of getting rid of certain things from an organization”
(Tsang and Zahra, 2008, p. 1437), often triggered by crisis (Fiol
and O’Connor, 2017) that requires organizations to adopt new
ways of thinking and abandon old mental models and processes
(Duchek, 2020). In a world of turbulence and uncertainty,
organizations are expected to act proactively, before action is
desperately needed, through their own continual transformation
(Morais-Storz and Nguyen, 2017). Organizations must be able
to identify the early warning signs of when action is needed, as
shown through a “web of symptoms” (Baer et al., 2013, p. 199;
Morais-Storz and Nguyen, 2017). Ideally, new learning should
be created before the need for change has become desperately
obvious (Morais-Storz and Nguyen, 2017).

Learning and unlearning are mutually supportive in creating
knowledge and organizational learning (Morais-Storz and
Nguyen, 2017). The most important role of unlearning is to
clear away obstacles created from misleading knowledge and
obsolete routines, so as to pave the way for future learning,
but unlearning can also aid the effective acquisition of new
understandings (Fiol and O’Connor, 2017; Grisold et al,
2020). For most organizations, learning is impossible without
unlearning: it is in fact the precondition for new learning,
enhancing the effectiveness of learning in a process of change.
It has been proposed that the greater the capacity for unlearning
capability, the stronger may the positive effect of OL on OR be
(Orth and Schuldis, 2021). The metamorphosis cycle is driven
by these two processes, organizational unlearning capability
exerting a positive moderating effect on the relationship between
organizational learning and organizational resilience (Orth and
Schuldis, 2021).

Context for Learning

Our review findings underscore the importance of context, to
share and “capture the relevant information and to create a social
learning process” (Prasad et al., 2015, p. 454) where individuals
are committed and motivated to learn, to achieve improved OL
(Gilson et al., 2020). The main function of this context, necessary
within and between organizations, is to support OL (Naimoli
and Saxena, 2018). While organizations learn from their own
activities as well as from other organizations activities, there
is also a question of different contexts for learning different

knowledge. Given the nature and demands of adversity, the
context also needs to be active— “not necessarily fully controlled
and sequential, but instead open to innovative ways of tackling
open problems” (Hermelin et al., 2020, p. 670).

Reflecting on the complexity of context (see Argote and
Miron-Spektor, 2011) our review has identified some contextual
components that affect learning. Central here is the role of
leadership. Attentive leadership and the wellbeing of employees
is seen as “the core of learning and culture” (Pal et al., 2014,
p. 418). “Listening, being respectful, allowing others to lead
and creating spaces for learning from experience are important
practices of leadership in complexity and for resilience” (Belrhiti
et al., 2018; Petrie and Swanson, 2018, cited by Gilson et al,,
2020, p. 9). Associated with leadership are empowerment
and role clarity that enable the extraction, distribution, and
application of information “from failures made in various parts
of the organizational system;” they are important to knowledge-
exchange and are thus related to creating a context for learning
from failure (Gressgard and Hansen, 2015, p. 173). Further,
organizations need to be able to take in new information and
reflect on experiences, in order to cope and adapt to situations
of adversity (Orth and Schuldis, 2021). Aspiring to learn and
improve entails organizational desire to accept risk and failure,
as both are inherent precursors of OL (Fasey et al., 2021). Such
exchange can be facilitated though enhanced work engagement
and an open collaborative work climate (Fasey et al., 2021).
This in turn relies on leadership involvement and requires a
more organic structure; where employees feel “responsible for the
organization’s development, they are more likely open to change”
(Duchek, 2020, p. 237).

The findings indicate that organizational resistance to change
has been noted as the main impediment to organizational
transformation, and consequently to successful learning (Hardy,
2014). Such resistance can be found in individuals and in
organizations (Donahue and Tuohy, 2006, cited by Hardy, 2014).
Within organizations, “change fatigue” and lack of employee
motivation may inhibit learning (Manfield and Newey, 2018, p.
1171). Motivation for learning is important (Gilson et al., 2020),
but so are other aspects like policy and administrative demands,
often in combination with resource constraints (Naimoli and
Saxena, 2018) and the cost of studying reports and implementing
actions (Hardy, 2014). Learning from other organizations may
be inhibited by “resources, objectives and variations in learning
experiences” between organizations (Friday et al., 2021, p. 262).

Summary of the Analysis

In sum, our findings indicate that OL is essential to OR. However,
the role of learning varies, depending on which stage of the
resilience process is in focus. The frequent use of learning in
relation to adaptation as opposed to anticipation and coping
shows that learning is especially important in this resilience stage.
However, as Table 1 shows, learning is also addressed in the two
latter stages; and, as underlined by several authors, it is a central
part of overall resilience. Resilience can be built by improving
the effectiveness of learning. Our results indicate that experiential
learning is central to how organizations gain and expand
knowledge in order to improve their capabilities. Effective OL
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relies on a system to ensure its continuity, knowledge-transfer
across organizational levels, with organizational processes that
allow for formal as well as informal practices. Our review
has also shown that unlearning is necessary to facilitate and
adopt new and updated learning, thereby ensuring further
growth toward OR. Finally, effective learning requires a
supportive context.

DISCUSSION

Our review shows that OR is becoming an important goal for
various types of organizations regarding crisis management, but
most of all, improved performance in a world of high uncertainty.
The dominance of qualitative data may be interpreted as a sign
of this being a relatively young field of research. Further, it
seems reasonable for empirical studies from high-risk industries
like healthcare and transport dominate the field. Interestingly,
however, also other fields, like tourism, food, retail, public
administration and universities, also are represented as empirical
fields. We interpret this as a sign of the growing interest
in improving organizational performance under conditions of
adversity in all branches and sectors because of the increased
global threat picture. The representation of all continents as
geographical contexts, and the high number of recent articles
(46 out of 59 published the between 2017 and 2021) shows the
growing interest in the connection between OR and OL as an
emerging field of research worldwide.

Despite some variation in how explicit the studies examined
here are in their use of terminology, our review clearly shows
the fundamental role of OL in building OR. Some articles specify
and highlight learning in connection to anticipation, coping or
adaptation; others do not. Regardless, learning is still implicitly
present and arguably crucial for improving performance and
developing OR. Yet, the literature on resilience would stand to
benefit from addressing learning more directly, rather than as
implicit, or in “broad terms only” (Battisti et al., 2019, p. 39).
In this study, we have focused on the capabilities underlying the
above mentioned stages of resilience—specifically on learning as
a means for building them. Our findings show that adaptation
is recognized as vital for resilience, but that goes for learning
as well, as it facilitates the development of the other resilience
stages and capabilities. Just as OL relies on multiple levels of
interactions within and outside an organization so does OR. The
frequent use of learning in relation to the adaptation stage, in
comparison to the anticipation and coping stages, shows that
learning is especially important in this stage of OR.

From our findings on how learning is addressed in
the literature on resilience, we argue that the dynamic
nature of learning in resilience is particularly evident in the
conceptualizations of coping. Organizations learn “in, from and
for crisis” (Elliott and Macpherson, 2010, p. 3) and cope by using
past experience (both positive and negative) and knowledge to
manage current situations. The interaction between coping and
the two other stages of resilience can be said to be strongly
driven by learning. In turn, this implies that the capabilities
that belong to other stages will be strengthened simultaneously.

We hold that organizations can build resilience by focusing
on improving their ability to learn. We find it reasonable
to suggest that it may be advantageous for organizations to
focus on their learning processes in daily organizational life,
not only during disturbances and crisis events, if they wish to
strengthen resilience.

Our review indicates that learning deserves greater emphasis
in relation to how organizations can develop resilience. It also
highlights the importance of identifying the determinants of
OL in order to build OR. By elaborating the various facets of
OL in OR, the value of informal and unintentional learning
processes, the need for a system, contextual factors, and the focus
on unlearning, our findings and analysis contribute with deeper
insights to this field of study also reflecting on the complexity
of OL interactions stated in theory. OR is indeed enhanced by
facilitating OL, but many aspects influence how effective that
learning will be. In practice this implies that organizations may
improve learning by first identifying where there is a need for
changing their practices and routines.

This study has affirmed and further nuanced OL as intentional
and unintentional processes highlighting of the overlooked value
of unintentional learning in particular. Effective OL is a matter
of transforming relevant knowledge into practice including the
transformation of “unintentional learning into explicit learning”
(Scholten et al., 2019, p. 439). However, unintentional learning
might, in fact, require more from the organization in terms
of flexibility and attentiveness, to be able to recognize the
learning opportunities that can improve performance and create
appropriate systems for knowledge transfer. These intentional
and unintentional learning processes are closely linked to the
discussion of formal and informal learning practices. Practices
that focus heavily on formal rules and learning policies are
criticized, and the value of analyzing informal organizational
rules, norms and practices is highlighted. Recognition of the
importance of unlearning is an aspect of the connection between
OL and OR that was not included in our theoretical framework.
This constitutes one of the most important contributions of
our study. Unlearning in developing OR involves abandoning
old mental constructs in favor of new, more relevant ones—
which in turn implies that organizations must identify which
of their current practices and routines obstruct growth, to pave
the way for necessary changes. Our findings show that double-
loop and triple-loop learning are especially crucial for developing
OR. This deeper learning is necessary to avoid pitfalls that
hinder effective learning. Further, improved OL depends on a
better understanding of root causes of events, with consideration
given to long-term issues as opposed to correcting errors. We
also found that focusing on learning processes (triple-loop
learning), by establishing processes and routines appropriate for
learning specific, relevant lessons can foster the development
of OR.

We argue that effective learning is facilitated through
a learning system that captures the diverse nature of
learning practices that are both flexible but also embedded
in organizational routines relying on formal protocols, policies,
and procedures. A main finding is that such a system is critical
for developing OR because learning must be transformed
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into resilience capabilities. Moreover, a system for effective
learning must facilitate communication and allow knowledge,
experiences, opinions, and perspectives to be shared, both within
and across organizations and stakeholders. We point out that
collective inter-organizational learning is central to OR.

Limitations

One limitation of this article concerns the risk of failing
to identify relevant contributions during the sampling stage
and/or excluding some during the analytical screening process.
Moreover, several important contributions have been published
after May 2021. The amount of data in the 59 selected articles is
huge and the scope of this article limited, so several interesting
findings have had to be omitted. Thus, our selection of what
to include constitutes another limitation. There is a further risk
of missing something, or misinterpreting the findings, during
the analytical cycles of the coding process. There exist various
OR frameworks; we have chosen the one proposed by Duchek
(2020), but it might be that other frameworks would address
OL differently. Learning is truly an inherent part of OR; and,
as our focus has been on learning as part of resilience, we have
not delved into the various frameworks for OR. We acknowledge
the variations of terms and concepts employed to conceptualize
resilience, such as monitoring and responding (Adini et al., 2017;
Anderson et al., 2020), but here we have emphasized what the
terms and concept capture and express in terms of learning.
We have not addressed the complexity of OL, which, however,
should be clear from our data on aspects of unlearning and
intended/unintended learning. Finally, we recognize the synergy
between OR and OL (Vogus and Sutcliffe, 2007; Lombardi et al.,
2021; Rodriguez-Sanchez et al., 2021) the scope of this article
has been limited to how OL influences OR; the reverse effect has
remained unexplored.

CONCLUSION

To our knowledge this is the first review to focus solely on the
relationship between organizational learning and resilience, a
relationship that has been discussed and established by scholars
from various fields. More work is needed on how organizations
can improve their learning abilities, as learning is essential for
organizations to evolve from one resilience stage to another. OR
can indeed be learned, so effective learning can serve as a critical
driver for building OR. The effectiveness of OL can be increased
by a more comprehensive understanding of the link between
experiences and improved performance, with more focus on
the value of diversity. OR is dependent upon an appropriate
system to ensure continuous, inclusive, purposeful OL, capable of
facilitating intentional and unintentional learning, and supported
by an active context that enables new knowledge to enter the
picture. Effective OL toward OR also requires the ability to
unlearn previous ways of doing things, to learn and engage in
new and improved ways of response. Lastly, organizations do
not exist in a vacuum. OL must involve collaboration between

organizations, to ensure sharing and exchange of valuable
knowledge and experience, to build OR.

This article has theoretical and practical implications. As
regards theory, our study contributes with insights on why
learning is so central to resilience, through all the stages of
capability. Our findings shed light on how learning can be
targeted more effectively and how it can facilitate resilience.
Second, our work shows the role of unlearning in OR, a point
that deserves more attention in further research. In terms of
theory, this study offers further insights into aspects of learning
from experience and how this should be managed to build
resilient organizations. On a practical note, there is still a need
for empirical verification of the effects of learning on OR. More
understanding is also needed of how learning interacts over time
with other multilevel processes that contribute to building OR.
Our findings have made clear the importance of establishing a
system where organizations can build on the experiences and
knowledge of other organizations in building resilience.

Our review also reveals need for further research. Current
understanding of the dynamics of effective learning is at a very
early stage, so more investment in systematic research on learning
in organizations and their link to resilience-building (Naimoli
and Saxena, 2018) is called for. Further, there is a need for better
understanding the correlation, if any, between disastrous events,
their driving hazards, and major consequences; how learning
occurs in affected organizations, and how long this organizational
learning lasts (Bhaskara and Filimonau, 2021, p. 366). A key gap
involves the scant attention given to the processes of knowledge
transfer (Elliott and Macpherson, 2010). Also needed is a deeper
understanding of how learning interacts over time with other
multilevel processes that contribute to building OR (Fasey et al.,
2021). Since learning is central if organizations are to evolve
from one resilience stage to another, this review reveals the
need for more research on how organizations can improve their
learning abilities in general. More research, preferably empirical,
is needed on the role, and potential, of informal practices and
unintentional learning processes to improve OL related to OR,
and on the role and practices of unlearning. Our study has also
revealed the need for more research on the link between OL and
learning at the individual, group and interorganizational levels.
Even if it may seem paradoxical to “organize” for informal and
unintended processes, this links in with the need for continuity
and a coherent learning system.
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Trust: A Double-Edged Sword in
Combating the COVID-19 Pandemic?

Jon Reiersen*, Kristin Roll, Jesse Dylan Williams and Michael Carlsson

School of Business, University of South-Eastern Norway, Kongsberg, Norway

We examine the impact of trust in combating the SARS-CoV-2 virus, that can cause
COVID-19. Under normal circumstances trust is a crucial component for society to
function well, but during a pandemic trust can become a double-edged sword. On
the one hand, a high level of trust in society may lead to greater acceptance among
citizens for public measures that aim to combat a virus. If people believe that their
respective governments implement unbiased and well-informed measures, and people
also believe that their fellow citizens will follow these measures, this may lead to a high
general compliance in society and less people will be infected. On the other hand, trust
may affect people’s perception of risk and hence their behavior. If people believe that
most people are trustworthy, they may be less willing to think of everyone else as a
potential health threat. If people also trust the government to manage the pandemic in
a competent way, their perception of the risks related to the pandemic weaken. Taken
together, this may lead people in high trust societies to consider personal protective
measures less important, and more people will be infected. The ambiguous effect trust
may have on the outcome of a pandemic calls for a closer empirical analysis. Drawing
on data from 127 countries we find that the number COVID-19 deaths decrease with
trust in government and trust in science, while the number COVID-19 deaths increase
with social trust. Implications of these findings for risk communication and management
during a pandemic are discussed.

Keywords: trust, risk perception, pandemic, public compliance, COVID-19

INTRODUCTION

On December 31, 2019, the Wuhan Municipal Health Commission reported a cluster of pneumonia
cases in China. The outbreak of the disease was later identified as caused by a new virus,
SARS-CoV-2—avirus that can lead to COVID-19. The emergence of the new virus rapidly escalated
to a public health emergency of international concern. On March 11, 2020, the World Health
Organization declared that the world was faced with a considerable threat, and the COVID-19
outbreak was officially characterized as a pandemic. This in turn led to a variety of measures put in
place by governments worldwide to control and contain the spread of the virus. Governments have
responded in various manners ranging from recommended hygiene practices and use of face masks
through to social distancing and complete lockdowns of society. Despite strong measures, millions
have been infected and more than 5 million have died due to COVID-19 (by October 29, 2021).
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Trust and COVID-19 Deaths

Human behavior critically affects how a pandemic develops.
An essential contribution to the successful management of a
pandemic is that most people comply with the health authorities’
recommendations. If people adopt good hygienic routines, keep
physical distance and get vaccinated (when an effective vaccine
becomes available), a pandemic can be brought under control. It
seems to be widely believed that trust is a critical factor to achieve
this. The argument put forth by commentators and others is that
trust increases the likelihood that people follow the authorities’
recommendations and carry out personal protective measures.
Norway can serve as an example. In a comparative perspective,
Norway has had relatively few infections and deaths as a
result of COVID-19.! An independent Coronavirus Commission
report (NOU, 2021, p. 6) assessing the Norwegian authorities’
management of the COVID-19 pandemic attributes the high
level of social trust in Norway as a strength in combating
the virus (but without doing any serious attempt to document
this empirically).> Prior to the publication of the report, the
Prime Minister of Norway had proclaimed in a televised speech
(broadcasted March 18, 2020) that the high level of trust in
Norway provided the country “... with an advantage throughout
the pandemic, more effective than any weapon and more valuable
than any oil fund”.?

An important reason for why trust is generally seen as a
critical factor in combating a pandemic is probably the extensive
research showing that trust is an important condition for a society
to function well (see e.g., Fukuyama, 1995; Yamagishi, 2011;
Algan and Cahuc, 2013, among many others). When people trust
each other, economic transactions run more smoothly (Torsvik,
2000), collective action problems are more easily solved (Ostrom,
2003), society is more inclusive and open (Fukuyama, 1995;
Lazzarini et al., 2008; Yamagishi, 2011), there is less corruption
and better governance (Rothstein, 2011), and people generally
are happier and have better health (Putnam, 2000; Uslaner,
2002). Based on available evidence it is fairly safe to conclude
that under normal circumstances, trust is a valuable asset for
a society. A pandemic, however, does not represent “normal
circumstances”. Recent research has shown that trust is not a
panacea that guarantees successful crisis management, including
crisis management during a pandemic.

By October 29, 2021, Norway has 164 COVID-19 deaths per million people. In
comparison, the country with most confirmed COVID-19 deaths is Peru, with
6,002 deaths per million people. The US has 2,240 deaths per million while the
average for the world is 634 deaths per million people (Ritchie et al., 2021).
2Social trust varies widely across countries. Empirical research investigating the
relationship between trust and various measures of quality of society usually draws
on data from the World Value Survey (WVS), where trust is derived from the
dichotomous question: “Generally speaking, would you say that most people can
be trusted or that you need to be very careful in dealing with people?” with the
response alternatives “Most people can be trusted” and “Need to be very careful.”
On average, in the world as total, around 25% state that most people can be
trusted. On top of the list we find Norway with a score of 74%. In comparison, The
United States has a trust score of around 38%, while France and Spain are down
at around 18%. Countries showing low levels of trust are Romania (7%), Colombia
(4%), and the Philippines (3%) (WVS, Wave Five and Six 2005-2013).

*Norway’s oil fund was created after Norway discovered oil in the North Sea in the
late 1960. The fund is now one of the world’s largest funds, with over US 1.3 trillion
in assets which is about US 245,000 per Norwegian citizen.

Trust plays an important role in peoples’ assessment of risk
and thus their behavior (Siegrist and Cvetkovich, 2000; Earle,
2010). Terpstra (2011) studied Dutch citizens’ flood preparedness
and found that a higher level of trust in flood risk experts reduced
both the citizens perception of the likelihood of flooding and the
amount of fear caused by the risk of flooding. Both mechanisms
hampered the citizens’ flood preparedness. Likewise, Wong and
Jensen (2020) show that that trust can be a barrier to the desired
behavior from the governments’ point of view. They report that
the strong trust in the governments’ crisis management led the
citizens to accept the governments’ advice and recommendations
to a lesser extent during the COVID-19 pandemic in Singapore.
Similar findings are also noted from other countries. Wollebaek
et al. (2020) found that Norwegians that strongly believe
that most people can be trusted are less worried about the
consequences of the COVID-19 pandemic and they are also
less willing to comply with the governments’ infection control
measures. At the same time, they also found that the amount of
trust Norwegians have in the government is positively related to
compliance with the governments’ recommendations. Those who
trust the government a lot follow more of the recommendations
compared to those who have little trust in the government. That
is, social trust and trust in government seem to have opposite
effects on the acceptance of measures to reduce COVID-19
cases. Similar results are noted from Switzerland. Siegrist et al.
(2021) carried out a survey in March-April 2020, to study how
different dimensions of trust influence peoples’ risk perception
and their acceptance of the implemented measures to control
the pandemic. They found that peoples’ fear associated with
COVID-19 is negatively correlated with social trust, but they
also found that peoples’ acceptance of the implemented measures
to control the pandemic was positively correlated with trust in
government. Again, social trust and trust in government seem to
have opposite effects.

Drawing on data on social trust and COVID-19 deaths for 37
countries, Arachchi and Managi (2021) found that social trust
was associated with more COVID-19 deaths, where they also
controlled for several other variables. Elgar et al. (2020) reach
the same conclusion when analyzing cross-national differences in
COVID-19 deaths for 84 countries during the early phase of the
pandemic. However, Helliwell et al. (2021) report the opposite
result when analyzing COVID-19 deaths in 163 countries and
using income inequality as a proxy for social trust.* They found
that inequality of income is a strong predictor of a higher
COVID-19 death rate. Helliwell et al. (2021) also found that little
trust in public institutions is associated with more COVID-19
deaths. Bargain and Aminjonov (2020) look at the impact of
trust in policy makers on peoples’ compliance to health policy
rules. In particular, they examine how trust at regional level in
Europe effects mobility related to non-necessary activities around
the time of lock-down announcement (March 2020). They find
that the decline in mobility is significantly stronger in high-trust
regions in Europe.

4Many studies have noted that social trust is generally lower in countries where
income inequality is higher.
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Research from previous pandemics also note the importance
of trust for people’s willingness to comply with the governments’
recommendations and for the outcome of a pandemic. Studies
from several countries have found that people who trust medical
and political authorities, as well as the media, were more likely to
adopt the recommended behavior in order to control the 2009-
2010 pandemic of swine influenza, caused by the HINI virus
(Rubin et al., 2009; Gilles et al., 2011; Prati et al., 2011; Freimuth
et al., 2014; Chuang et al., 2015). Tang and Wong (2005) report
that lack of trust in the government was strongly associated with
public anxiety during the 2003 SARS outbreak in Hong Kong,
while Blair et al. (2017) found that those who had less trust in
the government were less likely to take precautions during the
2014-2016 Ebola outbreak in Liberia and Congo.

Taken together, available evidence provides mixed results
when it comes to how trust affects the outcome of a pandemic
and it also demonstrates that different dimensions of trust
can affect people’s assessment of risk, their behavior, and the
outcome of a pandemic in very different ways. Analyses of how
trust is related to the outcome of a pandemic should therefore
distinguish between different types of trust and also be open
to the possibility that different types of trust can have different
effects on how people perceive risk and react to a pandemic
(Poortinga and Pidgeon, 2003; Siegrist and Zingg, 2014; Wong
and Jensen, 2020; Siegrist and Bearth, 2021; Siegrist et al.,
2021). In this study we examine how trust in fellow citizens,
trust in government and trust in science affect the number
of confirmed COVID-19 deaths. To investigate this issue, we
collected data for 127 countries around the world. Building
on previous literature we also include other variables that are
likely to affect the outcome of a pandemic. These variables are
discussed in more detail in the next section, together with a
closer examination of the relationship between trust and human
behavior during a pandemic, and the hypotheses we can derive
from this examination.

MATERIALS AND METHODS

Social Trust and Cooperation During a

Pandemic
As noted, research examining the impact of trust for the outcome
of a pandemic have provided mixed results. This is not surprising
if we look at what theory can tell us about how trust is likely to
affect behavior in a pandemic. Fighting a pandemic has many of
the same characteristics as a public goods game. If everyone takes
precautions, adopt good hygienic routines, keep physical distance
and so on, the pandemic can be brought under control, which is
in everyone’s best interest. However, if people generally believe
that everyone takes their precautions (cooperate), it is tempting
to free-ride on the joint efforts of others. In that case, one saves
oneself from the cost of taking precautions, at the same time as
the pandemic is brought under control as a result of the efforts of
others. But of course, if everyone acts as free-riders there will be
no public goods—that is, the virus spreads and the society faces
a pandemic.

Several experiments with the public goods game show,
however, that a large majority are generally willing to contribute

and to cooperate, and a minority act as unscrupulous free-riders.
Conditional cooperation seems to be the predominant behavioral
pattern for contributions in experimental public goods games
(Fischbacher et al., 2001; Fehr and Géachter, 2002; Herrmann and
Thoni, 2009; Volk et al., 2012). People are generally willing to
cooperate in public goods games as long as they trust others to do
the same. This points in the direction that high social trust makes
it easier to fight a pandemic, since people are willing to take the
necessary precautions as long as they trust others to do the same.

On the other hand, this reasoning does not take into account
that in a pandemic the individual is also a potential carrier of
a virus. As noted by Siegrist et al. (2021), what matters for
the individual’s action is not only what one thinks about the
actions of others, but also what one thinks about the risk of
others carrying a virus. If people believe that most people are
trustworthy, they may be less willing to think of everyone else
as a potential health threat (that they carry a virus), and they
will consider personal protective measures less important. More
people will be infected, and the pandemic is more difficult to fight.

The Role of Trust in Government and Trust

in Science

There are also mechanisms pointing in the direction that trust
in government and trust in science has an ambiguous impact
on the outcome of a pandemic. When people have to make
choices faced with a situation they are unfamiliar with, they
usually lack the knowledge they need to make an informed
decision. A pandemic typically represents such a situation. Most
people do not have sufficient information on how to behave,
especially during the initial phase of a pandemic outbreak. People
have to rely on information provided by others when making a
decision. If people generally trust those who give the government
scientific and professional advice, and if people believe that the
government implements unbiased and well-informed measures,
this can lead to greater acceptance among citizens for the
measures put in place by the government to combat a virus.

However, trust in the government and trust in science can
have the opposite effect, as showed by Wong and Jensen (2020).
High trust in the government and other authorities can lead to
an underestimation of the risk of a pandemic and a perception
that individual action is not required. People may believe that
the government will do the necessary effort to combat the
pandemic. High trust in the government and other authorities
may in other words crowd out peoples’ motivation to carry out
individual sacrifices.

To sum up: During a pandemic, different types of trust
can affect people’s behavior in different ways. It is therefore
difficult to determine from the outset whether trust is detrimental
or beneficial in fighting a pandemic. We must leave it to
our empirical analysis to determine what effect the different
dimensions of trust have on the outcome of the COVID-
19 pandemic.

Empirical Specification

To investigate how trust affects the outcome of a pandemic, we
estimate a multivariable regression model. A multivariable model
allows us to incorporate other relevant explanatory variables,
expected to affect the outcome of a pandemic. In addition
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to the key explanatory variables of trust we include, gross
domestic product per capita, population density, median age of
the population, numbers of bordering countries, a health index
and we control for continent. To assist the interpretation of the
results, the estimated model is specified on log-log form, which
derives the elasticities directly from the parameters.

The estimated model is given as follows:

In (DPMP;) = Bo + Brcov In (TRUSTGOV)
+Brsos In (TRUSTSOS;) + Brscr In (TRUSTSCI;)
+Bacpp In (GDP;) + Bpop In (POPDEN;)

+Bace In (MEDAGE;) + Bgorpc In (BORDC;)

“+BuIn(HINDEX;) + Y  Bc(CONTINENT )
C

(1)

where the dependent variable, DPMP;, is the total confirmed
COVID-19 deaths per million people for country i.°> The numbers
are retrieved from Ritchie et al. (2021), on September 28, 2021.

Our key explanatory variables TRUSTGOV;, TRUSTSOS;,
and TRUSTSCI; are measuring country is level of trust in
the government, trust in society and trust in science. The
three variables are derived from the indicator included in the
Wellcome Global Monitor 2018 (Wellcome Trust and The Gallup
Organization Ltd., 2019). In their yearly global survey, they are
asking the following questions:

- Trust in government: How much do you trust the national
government in this country.

- Social trustt How much do you
your neighborhood.

- Trust in Science: How much do you trust scientists in
this country.

trust people in

Respondents were provided with the following six answer
alternatives: A lot, some, not much, not at all, don’t know and
neutral. The value that has been assigned to these variables is
the share of respondents who answered with the alternatives “A
lot” or “Some”. Given the ambiguous relationship between the
three different dimensions of trust and the number of COVID-
19 deaths, as discussed above, we do not have a straightforward
hypothesis on the direct relationship between the degree of trust
and the outcome of the COVID-19 pandemic.

GDP; measuring the gross domestic product per capita in
country i and is expressed in constant 2017 international dollars
and converted by purchasing power parity. The numbers are
taken from the World Bank (2021a). Measures to limit the spread
of the coronavirus have major consequences for the economy.
Rich countries are more capable of enduring prolonged economic

°An alternative response variable, contracted cases per million people, were also
considered but deemed unreliable for the analyses due to underreporting of this
variable. There is a wide variation in testing practices leading to underreporting
of cases that do not necessarily represent the actual situation. A recent study
(Rahmandad et al, 2021) has estimated that the ratio of actual to reported
cumulative cases is 7.03, corresponding to 465 million undetected cases. The
occurrence of asymptomatic infections can also explain a large proportion of
underreporting. In comparison, it is estimated that the actual number of deaths
is 1.44 times higher than official reports.

downturn and are therefore also more likely to implement more
stringent restrictions to mitigate the transmission of the virus.
Hence, we expect fewer COVID-19 deaths in countries with a
higher GDP per capita.

POPDEN; measuring population density in country i, and is
defined as population per sq. km of land area. This variable
is also taken from the World Bank (2021b). OECD (2020)
emphasize population density as a contributing factor to the
effectiveness of containment strategies. Considering that social
distancing is a dominant containment measure, it is expected that
this will be more effective in countries and communities with
lower population density. We therefore expect that countries
with a higher population density will experience a higher rate of
COVID-19 deaths.

MEDAGE; measuring the median age in country i, and
indicates the point of age in which half of the population is
younger, and half of the population is older. The numbers are
retrieved from the United Nations (2021). It is well documented
that the likelihood of becoming seriously ill and dying from
COVID-19 is increasing with age (OECD, 2020). Medina (2020)
shows for example that patients over the age of 60 are 8.15
times more likely to die from COVID-19 than patients under
the age of 60. Populations with more elderly people have more
individuals at risk of dying from the virus, and we therefore
expect that a higher median age will result in a higher rate of
COVID-19 deaths.

BORDC; measuring the number of countries bordering country
i, and is defined as the number of land boundaries each country
has on a ratio scale where zero is the lowest value (a value of 0
signifies that a country has no land boundaries®). The numbers
are taken from World Factbook (2021). Analysis of the Ebola
outbreak shows that cross-border exchange of preparedness and
response co-ordination is imperative (Olu et al., 2020). The
implementation of border control measures in response to the
pandemic will probably be more difficult for countries with
more bordering countries, and we therefore expect that a higher
number of bordering countries will result in a higher number of
COVID-19 deaths.

HINDEX; is a health index compromised by 13 indicators
including life expectancy, physician rate, mortality rates and
free/universal healthcare which are important components of
health equity (Hudson International Group, 2021). The index
value is a weighted average converted to a score on a ratio scale
ranging from 0 to 1 where 0 is the lowest score, and 1 is the
highest score. The quality of the health care system is a critical
factor when a country is hit by a pandemic.” Access to equipment,
medicines, the number of doctors and nurses per inhabitant,
public funded vs. private provision of health services and a
number of other factors contribute to determine the quality of the
health care system. Countries with a high level of health equity
should be better equipped to treat the population including those
most marginalized and vulnerable in the face of a pandemic
(OECD, 2020). A Mexican study found, for example, the lack of

©To facilitate the logarithmic transformation, we are following Weninger (1998),
and modify zero-value arguments by replacing them with arbitrarily small values.
7See OECD (2020) for a more thorough analysis and discussion.
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TABLE 1 | Summary statistics for the sample variables.

COVID-19 deaths Mean Std. Dev. Min Max Source
Number of deaths per million (DPMP) 1,090 1,015 1 5,975 Ritchie et al., 2021
Trust in the government (TRUSTGOV) + 0.514 0.188 0.110 0.990 Wellcome Global Monitor
Trust in society (TRUSTSOS) + 0.730 0.142 0.310 0.960 Wellcome Global Monitor
Trust in science (TRUSTSCI) + 0.746 0.132 0.400 0.980 Wellcome Global Monitor
Gross domestic product per capita (GDP), 2019 — 16,629 21,477 412 114705 World Bank
No of bordering countries (BORDC) + 4.21 2.26 0.00 14.00 The World Factbook
Population density (POPDEN) + 113 126 2 669 World Bank
Median age (VEDAGE) + 31.60 9.10 15.80 47.10 United Nations
Health index (HINDEX) — 0.658 0.253 0.010 0.940 Hudson International
Group
Africa 0.234 0.425 0 1
Asia 0.224 0.419 0 1
Australia 0.019 0.136 0 1
North America 0.327 0.471 0 1
South America 0.108 0.305 0 1

health services to the indigenous population put them at a higher
risk of vulnerability in the presence of the COVID-19 pandemic
(Diaz de Leén-Martinez et al., 2020). We therefore expect that a
higher health index value will result in fewer COVID-19 deaths.

Finally, CONTINENT is a dummy variable included to
control for continent-specific effects. The countries have been
categorized into one of the following continents: Asia, Africa,
North America, South America, Australia or Europe. In our
estimated model the default category consists of countries
in Europe.

Table 1 summarizes the basic hypotheses and structure that
guide our analysis together with some descriptive statistics.
Because of the ambiguous relationship between the different
dimensions of trust and the number of COVID-19 deaths, these
variables are marked with & in column two. The other variables
included in our analysis have a more unambiguous expected
effect on the number of COVID-19 deaths, and this is marked
with either + (the variable is expected to have an increasing
effect on the number of COVID-19 deaths) or—(the variable is
expected to have a decreasing effect on the number of COVID-19
deaths) in column two in Table 1.

As Table1 illustrates, the dataset used in the study is
built from several sources. Our sample started out with 127
observations/countries, but due to missing observations in
several of the explanatory variables (among others the trust
variables), our sample reduces to 107 observations. Stata 15
software was used for all analyses.

RESULTS

Before estimation, a classical additive disturbance term was
appended to Equation (1). The empirical model was first
estimated using OLS. A Breusch-Pagan test for the null
hypotheses of homoskedasticity was however rejected at a 0.001
level of significance, indicating problems with heteroskedasticity

TABLE 2 | COVID-19 deaths per million people: Regression results.

Coef. Robust std. t-value p-value
Err.

Trust in government —0.553 0.247 —2.240 0.028
(TRUSTGOV)
Trust in society 2.072 0.819 2.530 0.013
(TRUSTSOS)
Trust in science —3.580 1.427 —-2.510 0.014
(TRUSTSCI)
Gross domestic 0.299 0.152 1.970 0.052
product per capita
(GDP)
No of bordering 0.352 0.203 1.730 0.087
countries (BORDC)
Population density —0.056 0.097 —0.580 0.565
(POPDEN)
Median age (VEDAGE) 2.003 0.946 2.120 0.037
Health index (HINDEX) 0.430 0.322 1.340 0.185
Africa -0.707 0.676 —1.050 0.298
Asia 0.023 0.470 0.050 0.962
Australia —1.382 1.684 —0.820 0.414
North America 0.440 0.404 1.090 0.279
South America 0.915 0.451 2.030 0.045
Constant —3.988 4.256 —0.940 0.351

in the data.® To ensure that the assumption of constant variance is
fulfilled, the model was reestimated with robust standard errors.’

The estimated parameters are reported in Table 2. Most of the
slope parameters are statistically significant at the 0.05 level. The
R?-value for the estimated model is 67.56 and indicates that the
data fits the model well.

8The chi?-value of the test is found to be 29.05.
9We also conducted a statistical test to check for normality-distributed errors,
which showed that this assumption is met.
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The main focus of this paper is the effect of different
dimensions of trust in combating the COVID-19 pandemic.
The first three lines of Table 2 report to what degree trust in
government, trust in society and trust in science effect a countries’
deaths caused by COVID-19. All three trust variables are found to
be significant at a 5% level, indicating that the three dimensions
of trust included in the analysis are important.

Trust in science is found to be most important trust variable
with an estimated parameter of —3.6, indicating that a 1%
increase in this type of trust level will decrease COVID-19
related deaths by 3.6%. We believe that vaccination is part
of the explanation for this result. When we collected data
for the number of COVID-19 deaths (September 28, 2021),
vaccines were available in many countries, particularly in the
rich industrialized part of the world. We know from studies
of previous pandemics, such as the SARS epidemic and the
2009/10 HINI influenza, that trust in medical experts and
organizations had a positive impact on vaccination behavior.
In countries with little trust, vaccine uptake remained low
(see Siegrist and Zingg, 2014, for a review of studies). This
is not surprising. There is reason to believe that the public
initially has limited knowledge and information about a new
vaccine—how safe they are, if they have been adequately tested,
how effective they are and so on. People must therefore rely
on the information provided when deciding whether to be
vaccinated. Trust becomes important regarding whom to believe.
Information from the scientific community is therefore mediated
by trust, and trust becomes crucial for the publics’ reception
and acceptance (Siegrist and Zingg, 2014; Warren and Lofstedt,
2021). If the scientific community recommend vaccination, and
people generally believe that those who make up the scientific
community are competent and objective, more people will get
vaccinated, and the death rates go down. In the same way,
trust will also be important for the public’s acceptance of other
preventive measures that the scientific community recommends
in order to gain control of a pandemic.

Trust in government is also found to be positive and
significant, however the estimated parameter is less than the
parameter for trust in science. A 1% increase in the trust
in government level decreases the COVID-19 death rate by
0.6%. Many of the advice and measures that health experts
and other scientists have proposed through the COVID-19
pandemic have been communicated to the public through
different governmental agencies. The results from our analysis
supports the idea that the extent to which the public has followed
the governments’ advice and taken the necessary precautions
depends on their trust in the government. This finding is in line
with the findings in Bargain and Aminjonov (2020), Arachchi
and Managi (2021) and Helliwell et al. (2021). We thus find
little support for our alternative hypothesis that high trust in the
government crowds out people’s willingness to carry out personal
sacrifices, and that they leave it to the government to do what it
takes to bring the pandemic under control.

Compared to trust in science and trust in government, trust in
society is found to have opposite effect on the number of COVID-
19 deaths. A 1% increase in the level of social trust worsen the
consequences of the COVID-19 pandemic, increasing the death

rate by 2.1%. This lends support to the findings referred to above,
illuminating that social trust may act as a barrier to behavior that
is necessary to reduce the spread of a virus. In countries with
high social trust, people generally believe that most people are
trustworthy, that they take their precautions and that they stay
home if they are sick. Hence, people in high trust societies may
be reluctant to think of others as a potential health threat and
they may consider personal protective measures less important.

In contrast to our expectation, GDP per capita is found to have
a negative effect on the number of COVID-19 deaths. The result
is almost significant at 5% with a p-value of 0.052. We believe
that our findings could be related to the fact that the pandemic
is still ongoing and that countries are at different stages of the
pandemic. Except from China, high-income countries western-
Europe were hit first by the virus. At the time of writing (October,
2021) the COVID-19 pandemic is still ongoing with full force in
many poor countries, especially in Africa and parts of Asia.

Number of bordering counties are found to have a positive
effect on the number of COVID-19 deaths at a 10% level of
significance. This was supported by previous research (Olu et al.,
2020; Helliwell et al., 2021), which shows that the implementation
of border control measures is more difficult for countries with a
high number of bordering countries.

Age is also found to have a strong positive effect on the
number COVID-19 deaths. A 1% increase in the median age
will increase COVID-19 related deaths by 2%. This is in line
with findings in Medina (2020), OECD (2020), and Arachchi and
Managi (2021). The virus has disproportionately hit older people
and higher death rates from COVID-19 among older people are
reported from all over the world.

Our results indicate that there is some continent specific effect.
Keeping everything else equal, there is no significant difference in
the COVID-19 death rate in Europe, North America, Australia,
Asia, or Africa. South America is however found to have a
continent-specific effect with a significantly higher death rate.
This is most likely explained by the particular high death rates
in Peru, Brazil, Argentina and Colombia. At the time of writing,
these four South American countries are among the 15 countries
in the world with the highest number of COVID-19 deaths per
million people.

The variables population density and health index are not
found to have a significant effect at any satisfactory level of
significance on the number of deaths caused by COVID-19.

DISCUSSION

The COVID-19 pandemic has posed a serious threat to the
world community. At the time of writing, over five million
have died, millions of people have been infected and nations,
firms and individuals have been subjected to great strain (IMF,
2021; WHR, 2021). It is an overriding goal for the authorities
to bring the pandemic under control. Strong measures have
been implemented by governments in most countries. How a
pandemic develops, however, depends critically on how people
behave and whether they are willing to follow the authorities’
measures and recommendations. It is widely believed that trust is
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a key factor in gaining public acceptance of government measures
(Siegrist and Zingg, 2014). In societies with little trust, it is
difficult to mobilize the necessary collective efforts to gain control
of a pandemic. However, our analysis shows that trust is not
a panacea for good pandemic management. Trust has many
dimensions, and previous studies show that some forms of trust
can be a barrier to good pandemic management (Wong and
Jensen, 2020; Arachchi and Managi, 2021; Siegrist et al., 2021).
Our results support these findings.

The Role of Trust

Trust and risk are closely linked, and social trust has been
found to be negatively correlated with risk perception across
a broad range of situations (Siegrist and Zingg, 2014). During
a pandemic, high social trust may lead to less risk-reducing
measures. When people trust each other, they are probably
less willing to consider others as a potential health threat, and
they will show less precautionary behavior (i.e., keep physical
distance). This may be the reason why we find that social trust
is negatively associated with the number of COVID-19 deaths.!’

There are also studies that show that trust in government
and trust in science is negatively correlated with risk perception
and that this type of trust crowds out peoples’ willingness to
implement precautionary measures (Wong and Jensen, 2020).
Our results do not support this. We find that trust in government
and trust science is associated with fewer COVID-19 deaths. Our
results therefore suggest that social trust and trust in government
and science have opposite effects.

Our analysis also revealed that COVID-19 deaths increased
with number of bordering countries, median age and GDP
per capita. The last effect probably catches up the fact that
rich industrialized countries were hit first by the COVID-19
pandemic and other regions are still in the midst of the pandemic.
In addition, South America is found to have a significantly higher
death rate compared to the rest of the world.

Trust, Risk Governance, and

Communication

The early phase of a pandemic typically represents a situation
where people have to make decisions without having a full
knowledge of the consequences of the choices they make. Since
there is a clear connection between risk perception and behavior,
it is important for health experts and government agencies to
provide updated information about possible hazards and risks,
and thus enable the public to make informed decisions.

As Warren and Lofstedt (2021) emphasize, peoples’ risk
perceptions are shaped by government communication
strategies. Understanding what affects people’s risk perception
is therefore critical when the government formulate their
communication strategy. However, this knowledge is of little
value if people are still not willing to listen to the government.
If people do not trust the government, it is difficult for them

90ur analysis covers roughly the first 18 months of the pandemic. As one reviewer
suggests, the effect of social trust may change over the course of the pandemic. Even
though people trust each other a lot, they may gradually learn that also trustworthy
individuals represent a potential health threat during a pandemic. Hence, over time
people will show more precautionary behavior also in high trust societies.

to reach out and correct potential distortions in people’s
risk perception. As a consequence, people may take wrong
preventive actions or that they refuse to follow the recommended
behavior. Our study shows that countries where people have
little trust in government and little trust in science have more
COVID-19 deaths.

The implication of this is as easy as it is difficult. It is important
to establish trust in health experts before an outbreak of a
pandemic. When a health crisis emerges, the public will have
an urgent need for information on how to act. Who they turn
to for information depends on who they trust. This means that
it is too late for the government and health experts to try to
build trust after a pandemic has begun to develop. When the
crisis hits, people need to be convinced of who really are the
experts among many proclaimed “experts”. As Siegrist et al.
(2021) notes: “Building the basis for social trust already begins
before a pandemic. Ill-prepared government agencies may not be
in a good position to be trusted by the public” (p. 798).

Concerning social trust, that is, how many people believe
that most people are trustworthy, the general belief seems to be
that this form of trust is also unambiguously good for fighting
a pandemic. However, our results suggest that social trust is
associated with more deaths as a result of COVID-19. We cannot
say with certainty what explains this, but a possible interpretation
is that when people generally believe that most people are
trustworthy, they may be less willing to think of everyone else as a
potential health threat and they will consider personal protective
measures less important. More people will be infected, and the
pandemic is more difficult to fight.

Nevertheless, we cannot conclude from this that social trust
makes it difficult to combat a pandemic. As noted above,
fighting a pandemic has many of the same features as a public
goods game. If everyone takes precautions, adopt good hygienic
routines, keep physical distance and so on, the pandemic can be
brought under control, which is in everyone’s best interest. But,
if people generally believe that everyone takes their precautions
(cooperate), it is tempting to free-ride on the joint efforts of
others. Fortunately, we know from experiments that people are
generally willing to cooperate in public goods games as long as
they trust others to do the same (e.g., Fischbacher et al., 2001;
Fehr and Gichter, 2002; Herrmann and Thoni, 2009; Volk et al.,
2012). This is how social trust can help in fighting a pandemic.
People are more likely to accept pandemic-related restrictions
and take the necessary precautions when they have a belief that
most others will do the same. It is therefore important that
the government, in their communication with the public, build
further upon this belief. As Warren and Lofstedt (2020: p. 7)
notes: “Promoting social solidarity and collectivism is significant
when requiring or requesting that groups undertake altruistic
actions or accepts limitations to freedom (...).” The government
can contribute to this by referring to examples and stories that
illustrate that most people accept and follow up on the measures
that have been decided. Too much focus on those who do not
comply with the measures can be counterproductive since it
easily crowds out people’s motivation to make personal sacrifices
for the greater benefit of society. Avoiding a “us vs. them” mindset
is important for building social trust and creating the necessary
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collective effort needed to combat a pandemic (Warren and
Lofstedt, 2021).

At the same time as the government must strive to maintain
and build social trust, it is also critical that they manage to make
the citizens aware that those they trust can be a potential health
risk, i.e., that they can be carriers of a virus. The authorities must
therefore try to communicate a kind of two-part message: Do
what it takes to fight the pandemic and trust that most others
will do the same—but do not trust that most others are virus free
during a pandemic.

The Impact of the Pandemic on Trust

As discussed in this article, many factors contribute to
influencing the outcome of the COVID-19 crisis. Along with the
vaccine, trust is a key factor. At the same time, there is reason
to believe that the pandemic has contributed in shaping trust.
Although previous research has shown that trust is a fairly stable
variable, there are also studies indicating that trust can be both
strengthened and weakened during major crises (Devine et al.,
2021; Thoresen et al., 2021).

The COVID-19 pandemic is a massive crisis that has shaken
the world and inflicted great social and economic costs on
both society and individuals. While an increased sense of
“togetherness” and “rally-round-the-flag” mentality is often seen
in times of major crisis, it is unclear whether this is the case in the
current crisis (Devine et al., 2021). The outbreak and rapid spread
of COVID-19 may have undermined peoples’ trust in experts
and politicians involved in the response effort. Most countries
have not been able to control the pandemic, many people have
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At present, major public health emergencies frequently occur worldwide, and it is
of great significance to analyze the research status and latest developments in
this field to improve the ability of public health emergency management in various
countries. This paper took 5,143 related studies from 2007 to 2020 from the Web of
Science as research object and used CiteSpace, VOSviewer, and other software to
perform co-word analysis, social network analysis, and cluster analysis. The results
and conclusions were as follows: (1) the related research identified three periods: the
exploration, growth, and outbreak period; (2) chronologically: the relevant research
evolved from medical and health care for major diseases to emergency management
and risk assessment of public health emergencies and then researched the novel
coronavirus (COVID-19) pneumonia epidemic; (3) clustering analysis of high-frequency
keywords, identifying three research hotspots: “disaster prevention and emergency
medical services,” “outbreak and management of infectious diseases in Africa,” and
“emergency management under the COVID-19 pneumonia epidemic.” Finally, this
study combined the data and literature analysis to point out possible future research
directions: from the research of the COVID-19 pneumonia epidemic to the research of
general major public health emergencies, thinking and remodeling of the national public
health emergency management system, and exploring the establishment of an efficient
international emergency management cooperation mechanism.

Keywords: public health, emergency management, bibliometric analysis, CiteSpace, VOSviewer

INTRODUCTION

Public health is the science and technology that prevents diseases, prolongs life, and
promotes health through organized efforts and informed choices to benefit public and private
institutions, large and small communities, and all individuals in society (1). Since the
twenty first century, with the advancement of globalization, the frequency and complexity
of public health emergencies have been increasing (2), from SARS, HINI influenza, dengue
fever to Ebola, MERS, the Zika epidemic (ZIKV), and the recent COVID-19 epidemic,
which continues to affect the world. It poses a serious threat to the security of countries
worldwide and has had a tremendous impact on people’s well-being and social stability.
According to the United Nations Political Declaration on Universal Health Coverage
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adopted at the relevant high-level meeting of the United Nations
General Assembly in 2019, global health is placed at the core of
development. Public health issues are related to the sustainable
development of the world (3). Emergency management does
not only refer to the management of response activities such
as preventive preparedness, monitoring, and early warning,
disposal and rescue, recovery, and reconstruction before, during,
and later stages of an emergency, and the whole life cycle of
an emergency (4), but also to the system’s ability to respond
quickly to emergencies and perform tasks on time (5). Shoaf et
al. emphasized the role of public health in disaster risk reduction
(6). Singleton et al. systematically discussed the synergy between
emergency management and public health, the COVID-19
epidemic that emerged at the end of 2019 and spread worldwide
(7). Various secondary and derivative problems caused by it have
also become a major global public health emergency caused by
compound disaster risk, which has brought tremendous impact
and challenges to the construction of emergency management
systems and capacity improvement of governments (8-10).

In recent years, research on public health emergency
management has rapidly developed. However, there is a lack of
literature reviews in this field at home and abroad. Therefore,
this paper conducts a scientific and quantitative analysis of the
relevant literature on “public health emergency management,’
referencing relevant scholars to grasp the development context
and frontier in the field systematically. Given this study used
CiteSpace, VOSviewer, Ucinet, and other software to visually
excavate the relevant literature on the theme of “public health
emergency management” in the core database of the Web
of Science, comprehensively and systematically combed the
research status of public health emergency management from
2007 to 2020, and excavated the development trend and hotspot
information in this field.

DATA SOURCES AND RESEARCH
METHODS

Data Sources

In this study, the core collection database of the Web of Science
was selected as the literature source for data retrieval to ensure
the data’s reliability and authority. English search formula: TS
= (“emergency management” or “continuity management” or
“crisis management” or “emergency administrator” or “response
management” or “disruption management”) and (“public health”
or “public hygiene”); Index = SSCI, SCI; Time span = 2007-2020;
Language: English; Document type: article or review; Database
update date: December 26, 2020; Retrieval time: December 26,
2020, a total of 5,173 English literatures were obtained, and 5,143
valid literatures were obtained by using WOS literature output
function and CiteSpace de-duplication function.

Research Methods

CiteSpace is a visual network analysis software based on
citation analysis theory and Java environment, which is gradually
developed under the background of scientometrics, data,
and information visualization (11, 12), showing the complex
relationship implied in the citation. VOSviewer is a bibliometric

analysis software based on the principle of co-citation, which is
used to draw a map of scientific knowledge in various knowledge
fields (13). The data collected were analyzed visually using the
WOS data analysis module in CiteSpace5.5.R2. They obtained
relevant information such as the number of articles published
year by year, the issuing institutions, the source countries, and
the core authors, to evaluate the research status of public health
emergency management objectively. Then, VOSviewer was used
to generate knowledge maps and related data such as “keyword
co-occurrence network” and “author co-citation network” and to
analyze the research hotspots and evolution context in this field.
Finally, the results of the bibliometric analysis are summarized,
and future research directions are discussed.

VISUAL ANALYSIS OF KNOWLEDGE MAP

Analysis of Time Characteristics of Posting

Volume

The number of articles published on a specific topic in
international academic journals represents the degree of concern
of the research topic to a certain extent, and the data of annual
publication volume and its growth rate can reflect the rise time
of the research topic and the change in its degree of concern.
Figure 1 shows that the earliest article was published in 2007.
During the 3 years from 2007 to 2009, the number of papers
issued increased year by year, with an average development rate
of 113.15%, but the annual number of papers published was at a
low level as a whole, which we defined as the initial exploration
period of public health emergency management research. The
number of papers published in 2010 was 236, with a growth
rate of 39.64%, a peak in the curve of the number of papers
published and regarded as a mutation value. During 2010-
2016, the annual number of papers began to exceed 200, with
an average development rate of 110.18%, and the cumulative
number of studies was relatively high, which was defined as the
continuous development period of the research. From 2017-
2020, the average development speed of the number of papers
published was 134.17%, showing a rapid explosive trend as a
whole, and the number of published papers in 2020 was as high as
1,058, which was defined as the outbreak period. Affected by the
COVID-19 pneumonia, public health emergency management
research has been increasing annually, and the research fever has
been continuously enhanced.

Analysis of Published Journals

Understanding the journal distribution of citation literature can
help researchers grasp research hotspots and frontiers in this
field through appropriate journals. The distribution of journals
with 35 or more papers in the WOS core collection is shown
in Table 1. The top three journals with the highest number of
papers were DISASTER MEDICINE AND PUBLIC HEALTH
PREPAREDNESS (146 papers), PLOS ONE (125 papers), and
BMC PUBLIC HEALTH (108 papers), accounting for 2.839%,
2.430%, and 2.100% of the sample, respectively. According
to the overall distribution of published journals, there are
seven journals with more than 40 papers, and these journals
published 709 papers, accounting for 13.79% of the total. There
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FIGURE 1 | Annual publication of public health emergency management research.

TABLE 1 | Distribution of literature source journals (top 10).
Rank Journal N P (%) IF
1 DISASTER MEDICINE AND PUBLIC HEALTH PREPAREDNESS 146 2.839 0.977
2 PLOS ONE 125 2.430 2.740
3 BMC PUBLIC HEALTH 108 2.100 2.521
4 INTERNATIONAL JOURNAL OF ENVIRONMENTAL RESEARCH AND PUBLIC HEALTH 106 2.061 2.849
5 BMJ OPEN 101 1.964 2.496
6 BMC HEALTH SERVICES RESEARCH 78 1.517 1.987
7 PREHOSPITAL AND DISASTER MEDICINE 45 0.875 1.315
8 JOURNAL OF MEDICAL INTERNET RESEARCH 38 0.739 5.034
9 PUBLIC HEALTH 38 0.739 1.774
10 SCIENCE OF THE TOTAL ENVIRONMENT 35 0.681 6.551

are 14 journals with 20-39 papers, and the total number of
journals is 1,716. This shows that journals related to public
health emergency management research are relatively scattered.
Among the seven journals with more than 40 papers, the
impact factors of journals are all higher, and 50% of them
are >2.4, which indicates that many authoritative journals in
academic circles are interested in the research of public health
emergency management.

Analysis of the Cooperation
Characteristics of the Issuing Country,
Institutions, and Author

VOSviewer can draw national cooperation networks,
institutional cooperation networks, and author cooperation

networks and interpret the map to understand the different
levels of cooperation in public health emergency management,
to find the core countries, institutions, and individuals in the
field. Figure 2 shows the map of cooperation among different
countries, with 92 nodes and 1,725 links, which clearly shows
that scholars in many countries attach great importance to
public health emergency management research, and there is
more cooperation among countries. In terms of the number of
published papers, the United States obtains the most research
results in the field of public health emergency management, with
2,120 papers published, accounting for 41% of the total number
of published papers. In addition, its intermediary centrality
is 0.02, which indicates that although the United States has a
large number of papers, it lacks highly cited articles. There is
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more cooperation between the United States and China, while
European countries take the United Kingdom as the center, and
South Africa is relatively important in African countries, the
cluster cooperation formed among many countries is close, and
the network system is strong. In addition, the UK, Australia,
China, Canada, and other countries have also published many
high-impact papers in this field. The number of published papers
is proliferating, and the intermediary centrality is constantly
improving, indicating that an increasing number of countries
have begun to pay attention to research in the field of public
health emergency management.

Table 2 shows the top 10 research institutions in terms of
intermediary centrality and frequency, including seven in the
United States, one in the United Kingdom, and one in Australia.
The institutions with the highest intermediary centrality and
frequency are all from the United States, and among the
top 10 institutions, the United States monopolizes seven. The
United States has been in the leading position in this field based
on its inception and duration of research. The top five institutions
are Harvard University, the Centers for Disease Control and
Prevention, the University of Sydney, the University of British
Columbia, and the University of California, Los Angeles (UCLA).
These institutions have solid academic strengths. Harvard
University has world-class academic influence in the life sciences,
natural sciences, and sociology. The United States Centers for

TABLE 2 | Top 10 institutions of literature output from 2007 to 2020.

Number Institution Between centrality Frequency
1 Harvard Univ 0.13 106
2 Ctr Dis Control & Prevent 0.12 123
3 Univ Sydney 0.09 87
4 Univ British Columbia 0.09 65
5 Univ Calif Los Angeles 0.09 42
6 Univ Calif Irvine 0.09 14
7 Univ Massachusetts 0.08 14
8 Univ Washington 0.07 92
9 WHO 0.07 78
10 Columbia Univ 0.07 65

Disease Control and Prevention (CDC) is the first federal health
organization founded in the United States, focusing on the
development and application of disease prevention and control,
environmental health and other activities to improve people’s
health. The University of Sydney ranks 20th in the world in
life medicine. The University of British Columbia enjoys a high
reputation in management and hygiene, and UCLA is a world
leader in medicine and business management.
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The development and evolution of disciplines benefit from
the contribution of researchers, and researchers, as endogenous
forces, can promote the development of disciplines. Through the
authors’ analyses, we can understand the general situation of the
papers issued by the authors in this field and then realize the
tracking and cooperative research in this field. Figure 3 shows
the author collaboration network map in the field of public
health emergency management; the top five authors in terms
of published papers are Frederick M (10 papers), C Norman
Coleman (6 papers), Carlos A (6 papers), Falko F Sniehorta (5
papers), and Amir Khorrammanesh (5 papers). The top five cited
authors are Huang Cl (70 times), Moher D (65 times), Van Den
B (63 times), Zhou F (52 times), and Liu Y (49 times). Each
author is represented by a dot in the graph, and the collaboration
between authors is represented by a line between nodes. From
the map, we can see that several research cooperation teams
have been formed, especially the team with Professor Amir
Khorrammanesh as the core, which has carried out many
cooperative research and established cooperative relations with
many scholars. The overall level of cooperation among authors
is low, and most researchers are individuals with little cross-
team communication.

ANALYSIS ON HOTSPOTS OF PUBLIC
HEALTH EMERGENCY MANAGEMENT

Literature Co-citation Analysis and
Knowledge Base ldentification

Literature co-citation analysis is a research method to measure
the degree of relationship between literature, exploring the
development and evolution. There were 218,552 citations in
5,143 articles on public health emergency management collected
in this study; the minimum number of citations was set as 12,
and 112 citations were finally obtained. For the 112 selected
studies, the modular layout and clustering method of VOSviewer
were used to construct a visual map of the literature co-citation
network, as shown in Figure 4.

In Figure 4, 112 nodes represent 112 studies, and the distance
between nodes represents the similarity of the literature. The
visualization results showed that 112 citations were automatically
divided into three clusters according to the VOSviewer clustering
method. The knowledge base of public health emergency
management was divided into three knowledge groups by
merging and summarizing the topics of every cluster: global
disease and health services (knowledge group 1), guidelines for
opioid use (knowledge group 2), and clinical characteristics of
patients with the COVID-19 pneumonia (knowledge group 3).

1) Knowledge base 1: global disease and health services

Knowledge group 1 focused on global diseases and health
services. In 2009, Duffy et al. found for the first time that
ZIKV spread outside Africa and Asia (14, 15), which helped
clinicians and public health officials to realize the risk of
further expansion. In 2014, Aylward et al. introduced forward-
looking thinking to predict the Ebola virus (16) and proposed
increasing control measures, which effectively reduced the
virus’s mortality. Emerging infectious diseases are a heavy

burden on the global economy and public health, and scientific
monitoring is needed (17). Walsh pointed out that the core
competence of disaster medicine and public health is to
develop a set of clear and concise training standards for health
professionals to respond to major public health emergencies
effectively (18). Damschroder proposed to put the research
results of health services into practice and promote the
implementation of a comprehensive scientific framework (19).
In 2009, Harris combined electronic data capture with public
health services for the first time (20), aiming to rapidly develop
and deploy electronic data capturing tools to facilitate clinical
and translational research.
2) Knowledge base 2: guidelines for opioid use
Knowledge group 2 focused on guidelines for opioid
use. Adams proposed early management guidelines for
patients with acute ischemic stroke and pointed out that
further research on the treatment of acute ischemic stroke
is needed (21). Hacker tested the alteplase treatment in
stroke patients, and the results showed that the treatment
was more often associated with symptomatic intracranial
hemorrhage (22). Brummett found that continuous opioid use
was common after minor and major surgical procedures (23)
and pointed out that new continuous opioid use will bring
a previously underestimated surgical complication, worthy of
further understanding. To effectively evaluate the effectiveness
and risk of long-term use of opioids for the treatment of
chronic pain, Chou found that the effectiveness of long-
term opioid treatment to improve chronic pain could not
be determined through randomized trials and observations
(24), and excessive opioid treatment would lead to a risk of
dependence. The United States Centers for Disease Control
and Prevention has updated opioid prescription guidelines
for chronic pain, to improve the safety and effectiveness of
pain treatment and reduce the risks associated with long-term
opioid treatment (25, 26).
3) Knowledge base 3: clinical characteristics of patients with
COVID-19 pneumonia
Knowledge group 3 focused on the clinical characteristics
of patients with COVID-19 pneumonia. In 2020, Huang et
al. collected and analyzed the data of patients infected with
COVID-19 (27) and found that most of the infected patients
were male. All patients had pneumonia, abnormal chest
computed tomography, and complications, which revealed
an urgent need to fill a major gap in the understanding of
epidemiology in further studies. Guan found that the median
age of COVID-19 patients was 47 years, and the most common
symptoms were fever and cough, and the vast majority of
patients developed lymphoma (28). Zhou described the risk
factors leading to death and the detailed clinical disease
course and that the long-term shedding of the virus justifies
future isolation of infected patients and optimal antiviral
interventions (29). Hoffmann proposed insights into which
cytokines in COVID-19 might provide viral transmission and
identified potential targets for antiviral intervention (30). In
2020, Wu, for the first time, systematically summarized the
major epidemiology and clinical findings of all COVID-19
cases reported in the Chinese mainland (31). He also reported
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TABLE 3 | Common word matrix of high-frequency keywords (part).

Rank Keywords Frequency Rank Keywords Frequency
1 Public health 347 9 Knowledge 44
2 COVID-19 347 10 Prevention 43
3 Epidemiology 168 iR Risk assessment 43
4 Disaster 62 12 Emergency management 43
5 Emergency department 54 13 Climate change 42
6 Health policy 54 14 Education 40
7 Primary care 51 15 Emergency preparedness 40
8 Management 50 16 Mental health 39

case trends in response to the government’s attempts to control
the infection, emphasizing that aggressive investment in public
health infrastructure is essential for an effective response
to outbreaks, the continued improvement of international
surveillance, cooperation, coordination, and communication
on this pandemic, which will contribute to a better response to
new threats to public health.

Keywords Frequency Statistics and

Co-occurrence Matrix

Keywords can well reflect the main content of the paper and
are highly generalized and concise of the research topic. High-
frequency keywords usually reflect current issues and frontier
trends in a specific research field, so the statistical analysis of
literature keywords can quickly and effectively understand the
research hotspots in this field. Bibexcel was used to analyze the
keywords of the published literature through keyword frequency
analysis technology, and keywords with similar meanings were
merged, keywords unrelated to this study were eliminated, and
keywords with frequencies >15 were selected as high-frequency
keywords for further analysis. Table 3 lists the top 20 keywords.

Keyword Co-occurrence Analysis and

Research Hotspot Identification

Keyword co-occurrence analysis is a method that uses statistical
methods to calculate the frequency of co-occurrence of keywords
in the same document, obtains a co-occurrence matrix, and then
converts the co-occurrence matrix into a co-occurrence network
(32). This study systematically combs all the keywords of 5,143
articles. It generates the co-word matrix by Bibexcel, utilizing
the modular clustering algorithm of VOSviewer to analyze the
co-occurrence of 129 keywords and obtain the visual map of
the keyword co-occurrence network and the visual map of the
keyword co-occurrence cluster, as shown in Figures 5, 6.

It can be seen from the visualization results in Figure 5 that
the co-occurrence network of 129 keywords forms three clusters.
Three research hotspots in the field of public health emergency
management are obtained by summarizing the literature topics
of each cluster in combination with citation analysis, namely,
disaster prevention and emergency medical services (hotspot
1), including public health, emergency preparedness, disaster
planning, health policy, and emergency medical services. Hotspot
2 includes the outbreak and management of infectious diseases

in Africa, including epidemiology in Africa, management,
treatment, etc. Emergency management under the COVID-
19 pneumonia epidemic (hotspot 3), including keywords like
COVID-19, China, attitude, management, and more. It can be
seen from Figure 6 that public health, COVID-19 pneumonia,
and epidemiology are becoming the research focus of public
health emergency management in the yellow area, and other
research can be regarded as being carried out around these
three cores.

1) Research focus 1:
medical services
Hotspot 1 focused on disaster prevention and emergency
medical services. Abir et al. suggested that professional
associations could use their member networks to collect survey
data promptly to inform best practices during and after public
health emergencies (33). In 2018, Acosta et al. argued that
the network of community-based organizations has a flexible
range of partner services and that coordinating community
and public health partnerships can effectively contribute to
disaster recovery (34), which provides a new way to deal
with major public health emergencies. Adini et al. suggested
that familiarity with guidelines and preparedness assessments
affects healthcare managers perceptions of their ability to
prepare for and manage pandemic influenza (35). Abdullelah
et al. believed that strengthening nurses’ knowledge of core
competency areas can contribute to disaster recovery and
proposed the involvement of stakeholders in the adaptation
process in response to the Australian heatwave disaster (36).
In 2014, Aung et al. proposed the traceability of food supply
chains for the first time to effectively ensure food quality and
safety, aiming to help consumers achieve confidence (37). In
2010, Huang et al. proposed for the first time that Web2.0 and
Internet social network are new tools for disaster management
and established an Internet-based emergency response system
to prevent disasters (38), which put forward new measures for
public health emergency management from the perspective of
big data networks.
2) Research hotspot 2: outbreak and management of infectious
diseases in Africa
Hotspot 2 focused on the outbreak and management of
infectious diseases in Africa. Africa’s economy is backward,
healthcare is extremely scarce, and how to deal with the
spread of infectious diseases is gradually becoming the focus

disaster prevention and emergency
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FIGURE 5 | Keywords co-occurrence network visualization map

FIGURE 6 | Keywords co-occurrence clustering density visualization map
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of many scholars. Chopra et al. argued that South Africa
needs talented leadership, vision, and commitment to meet
new challenges and address public health emergencies (39).
In 2019, Bedford et al. put forward a new concept of the
epidemic (40), which evolved from a crisis response of
discrete outbreaks to an integrated cycle of preparedness,
response, and recovery, which required improving countries’
public health emergency management capacity. Critchley et
al. suggested that due to the convergence of epidemics in
sub-Saharan Africa, research should prioritize addressing the
interaction among TB, diabetes, and HIV (41). Migliori et
al. argued that with the current global trend of MDR-TB
increasing, existing interventions, public health systems, and
TB programs must be significantly strengthened, and political
and funding commitments are essential to curb the spread
of MDR-TB (42). Peyre et al. studied the different economic
impacts caused by Rift Valley Fever and proposed that early
detection and rapid response should be implemented to help
decision-makers make choices related to its management (43).
3) The research hotspot 3: emergency management under
COVID-19 pneumonia epidemic
Hotspot 3 focused on emergency management during the
COVID-19 pneumonia epidemic. The spread of COVID-
19 globally has caused huge casualties and property losses,
destroyed public health order, and caused great social panic.
Based on this background, many countries and institutions
have conducted in-depth research. Al-Shamsi et al. pointed out
that many cancer patients are at higher risk of infection due
to low immune function and proposed telemedicine to help
patients reduce the number of visits and exposure risks (44).
In 2020, Chan et al. argued that in addition to a top-down
health emergency and disaster risk management, bottom-
up individual and household measures are essential for
COVID-19 prevention and emergency response (45), which
is conducive to raising public awareness of self-protection.
In the face of the new epidemic, governments have taken
a series of rapid, comprehensive, and effective prevention
and control measures, established and improved the public
health emergency response system, especially the emergency
reserve system of medical supplies, and promoted the
establishment of international cooperation projects to respond
to international public health emergencies jointly (46-48).
In 2020, Zhang et al. believed that risk communication
was essential to public health emergency management
and constructed a simplified government-expert-public risk
communication model to illustrate the important role of
an effective risk communication collaboration network in
dealing with the COVID-19 epidemic (49), which provided
new countermeasures and suggestions for public health
emergency management.

Analysis on the Evolution Trend of Public
Health Emergency Management

To better understand the development trend in the field of
public health emergency management in recent years, this paper
presents a time zone map of keywords in public health emergency

management research based on the analysis map of keyword co-
occurrence cooperation network (Figure 7). The time division
was set as 1 year, the node type was set as a keyword, and the
knowledge map was drawn using the pathfinder algorithm, which
resulted in 509 keywords and 720 node connections. The size
of the nodes in the graph indicates the frequency of keywords,
and the connections indicate the co-word relationships between
keywords. With the help of the update and interaction of articles
presented by the keyword time zone map, the evolution process
of public health emergency management research from 2007 to
2020 is revealed, and the migration path of research hotspots can
be clearly understood through the time zone map.

Public health emergency management initially focused on
health research, such as cardiovascular disease (2007-2009).
Cardiovascular disease refers to a series of diseases caused by
heart and vascular diseases, including coronary heart disease,
hypertension, and cerebrovascular disease, among others, with
the characteristics of high morbidity, high disability rate, high
recurrence rate, high mortality rate, and many complications,
coupled with the limited medical and health technology at that
time, according to the World Health Organization. Among the
major diseases threatening human health, cardiovascular disease
has the highest mortality rate, which has become a major global
health problem and poses serious challenges to the world. This
quickly became a research hotspot at that time.

With the deepening of research, the focus of research in this
field has shifted to emergency management and risk assessment
of public health emergencies (2010-2018). Since the twenty first
century, the frequency of major public health emergencies and
their derivative crises has been increasing, and there is an urgent
need to do a good job in public health emergency management
and risk assessment. Pre-disaster prevention and early warning
mechanisms have been put in the core position, and the
comprehensive assessment of public health risks improves the
ability to deal with major public health emergencies.

In recent years, public health emergency management has
focused on the COVID-19 epidemic (2019-2020). The COVID-
19 epidemic is the most serious public health crisis in human
history, which has a fundamental impact on the global healthcare
system and the national emergency management system, causing
huge casualties and property losses. Many scholars at home and
abroad have carried out in-depth research on the background,
evolution path, response measures, and future development
direction. It is emphasized that the major epidemic prevention
and control system and mechanism and the national public
health emergency management system should be constantly
improved. International cooperation should be strengthened
to combat the COVID-19 epidemic and other major public
health emergencies, and public health emergency management
is increasingly showing a trend of diversification.

DISCUSSION

In the past 5 years, the relevant literature on public health
emergency management has been increasing. The life cycle
theory shows that an event will go through gestation to
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extinction, and each stage has different characteristics (50).
Accordingly, public health emergency management research will
also experience a development process from less to more, from
rising to falling. This study explores the life cycle of public
health emergency management. According to the literature and
development trends, three periods were identified: the initial
exploration period, the continuous development period, and
the outbreak. Although it is impossible to accurately predict
the future life cycle of public health emergency management,
this research remains an important topic, and it has a
broad application prospect and theoretical value from the
development trends.

In recent years, with the advancement of globalization, the
frequency and complexity of public health emergencies have
been increasing. Various secondary and derivative problems
caused by the COVID-19 epidemic have also become a major
global public health emergency caused by compound disaster
risk, which has brought tremendous impact and challenges
to the construction of emergency management systems and
capacity improvement of governments. Emergency management
does not only refer to the management of response activities
such as preventive preparedness, monitoring, and early warning,
disposal and rescue, recovery, and reconstruction before, during,
and later stages of an emergency, and the whole life cycle
of an emergency, but also to the system’s ability to respond
quickly to emergencies and perform tasks on time. Good

emergency management can effectively deal with public health
emergencies, which will help countries to establish and improve
public health emergency management system and international
emergency management cooperation mechanism, and improve
the international community’s ability to respond to major public
health emergencies.

In the initial exploration period, theoretical research on this
subject was in its early stage, and the average annual number
of articles was <200. During this time, relevant research mainly
focused on basic medical health research, such as stroke (51),
influenza (52), cardiovascular disease (53), and so on. However,
during this stage, the research field had certain limitations.
Specifically, the high mortality rate of these diseases was a huge
obstacle to be overcome in the medical field. In addition, the
medical health level was low at that time, researchers focused
more on public health and studied how to overcome these
diseases. The relevant research on public health emergency
management was relatively shallow.

In the continuous development period, the average annual
number of articles was more than 200, and researches began to
focus on emergency management and risk assessment of public
health emergencies (54). With the excessive pursuit of high-
speed economic growth, human beings have brought a serious
burden to nature, the ecological environment has been seriously
damaged, the frequency of major public health emergencies and
their derivative crises are increasing, coupled with the impact of
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traditional public health events, scholars began to pay attention
to emergency management and risk assessment. Kebede et al.
believed that we should focus more on developing hospital
managers, not just on enhancing medical and public health
skills, recognizing the importance of management capacity to
achieve sustainable development (55). Geographic information
system can effectively reveal the differences of regional medical
services, especially for primary health care and clinical health
(56), and the use of health information exchange network can
effectively evaluate regions medical health level (57). With the
further implementation of telemedicine technology, the spatial
distance is greatly reduced, which brings great convenience to
the emergency management of public health emergencies (58).
For low- and middle-income countries, we can assess current
and planned pharmacovigilance activities, identify gaps and
the most urgent pharmacovigilance priorities at national and
international levels, and define the elements of a sustainable
global pharmacovigilance strategy (59). Through pre disaster
prevention, establishing and improving the early warning
mechanism and further relying on science and technology, we
can effectively improve the global ability to respond to major
public health emergencies.

In the outbreak period, public health emergency management
has focused on the COVID-19 epidemic. The COVID-19
epidemic, which appeared in 2019, has been spreading rapidly,
with high uncertainty and high mortality rate. It has spread to
most countries in the world, and has brought huge casualties and
property losses, which posed severe challenges to global public
health, and many researchers have turned to the COVID-19
epidemic research. Deshmukh et al. systematically summarized
the updated epidemiology, causes, clinical manifestation and
diagnosis, as well as prevention and control of the novel
coronavirus SARS-CoV-2, which is essential to both manage
the current pandemic and to conceive comprehensive measures
to prevent such outbreaks in the future (60). Communities are
central to the practice of public health emergency preparedness
and response (61), it is important to identify the source of
infection at the community level as soon as possible to block
the transmission path of the virus to prevent the spread of
the pandemic. The implementation of grid management in
the community and the adoption of precise management and
control measures to reduce unnecessary personnel movement
can effectively reduce the risk of pandemic spread, and improving
community disaster resilience are an effective method for coping
with such a public health emergency (62). By analyzing the
consequences of exclusionary othering in public health, Tallarek
et al. proposed to move toward inclusionary and diversity-
sensitive public health (63). Public health emergencies will
lead to public health crisis, government risk communication
plays a key role in responding to public health emergencies
(64). Governments should timely disseminate and update
information related to the epidemic, stabilize public sentiment,
strengthen public opinion and epidemic prevention and control,
and implement hierarchical management in key epidemic
areas and urban agglomerations. In the face of public health
emergencies, there will be deficiencies in biosafety, food safety,
public health investment and emergency system construction

(46), the world should constantly improve the system of
emergency reserve medical supplies, promote the establishment
of international cooperative programs to jointly deal with public
health emergencies of international concern in the future. Public
health emergency management is increasingly showing a trend
of diversification.

Finally, this study combined the data and literature analysis to
point out possible future research directions: from the research
of the COVID-19 pneumonia epidemic to the research of general
major public health emergencies, thinking and remodeling of
the national public health emergency management system,
and exploring the establishment of an efficient international
emergency management cooperation mechanism.

LIMITATIONS

The main limitation of this study is its focus on the published
literature in English. Consequently, relevant information in
other languages may be missing. The criteria used to narrow
the selection of included publications enabled the authors to
access eligible data and a feasible number of publications
to handle the content analysis and to perform the review.
However, the criteria used may have been too selective,
resulting in missing information. In addition, in the selection
of database, this study selects the representative Web of Science
as the literature collection database, missing other databases.
These limitations can be further addressed as a part of the
future research.

CONCLUSIONS AND
RECOMMENDATIONS

In this study, CiteSpace and VOSviewer, two authoritative
scientometrics analysis software, were used to visually analyze
5,143 articles on public health emergency management in the
core database of Web of Science. Based on bibliometric analysis
methods, such as frequency analysis of keywords, analysis of
the occurrence of keywords, and analysis of the time zone of
keywords, this article combines the research status and hotspots
in the field of emergency management in public health. It
points out the following research direction and corresponding
proposals. First, the regional distribution of scientific research
forces in public health emergency management is unbalanced.
The United States, the United Kingdom, Australia, and China are
the top four countries in public health emergency management,
accounting for 73.7% of the total literature. Among them, the
United States carried out research on public health emergency
management earlier, published the largest number of papers
in this field, and had a larger impact coefficient, which was
in the core position in this field. China ranks fourth in terms
of the number of papers issued and has developed rapidly
in recent years, with a large fund investment. Although the
public health emergency management originated in developed
countries, research on developing countries such as China,
South Africa, and India is gradually increasing. In addition,
the degree of cooperation between research institutions and
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core authors in this field is low, the number of high-yielding
authors is small, most researchers are individuals, and cross-team
communication is minimal. Therefore, collaboration is necessary
to deepen cooperation and cultivate more research centers with
vast influence.

Second, public health emergency management has shifted
from focusing on post-disaster recovery to emphasizing pre-
disaster prevention. With the acceleration of globalization,
many public health emergencies have brought great threats
and losses to people worldwide. An increasing number of
scholars have begun to pay attention to pre-disaster prevention,
resolutely implement the health policy of prevention first, and
establish awareness of periodic risk prevention and control. They
are establishing an Internet-based emergency response system,
training a large number of professional public health personnel,
and strengthening the public health infrastructure, which is
aimed at the rapid response to major public health emergencies
and disaster prevention.

Third, to fully understand the current status of research
on public health emergency management, this study selected
software especially suitable for bibliometric analysis, including
CiteSpace, vosviewer, Netdraw, etc., conducting a visualization
analysis based on the relevant research obtained from the Web
of Science database, and determining the number of research
studies, the major countries publishing on this topic, and the
journal distribution. Then, keyword co word analysis, social
network analysis and cluster analysis are selected to clarify
the development trend and research theme of public health
emergency management research hotspots. Finally, by reading
and summarizing a large number of relevant literature, we have
a good grasp of public health emergency management, and
put forward possible future research directions, which fills the
gap in public health emergency management and provides a
framework for future research. At the same time, there are
some limitations in. In the selection of database, this study
selects the representative Web of Science as the literature
collection database, other databases may have been missed.
These limitations can be further addressed as a part of the
future research.

Fourth, the construction of major epidemic prevention
and control systems, mechanisms, and national public health
emergency management systems have attracted much attention.
The COVID-19 epidemic sweeping the world has seriously
impacted the healthcare systems and emergency management
systems of countries worldwide, causing massive casualties and
property losses. We should strengthen epidemic prevention
and control, innovate major epidemic prevention and control
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Public health emergencies such as disease outbreaks and bioterrorism attacks require
immediate response to ensure the safety and well-being of the affected community and
prevent the further spread of infection. The standard method to increase the efficiency of
mass dispensing during health emergencies is to create emergency points called points
of dispensing (PODs). PODs are sites for distributing medical services such as vaccines
or drugs to the affected population within a specific time constraint. These PODs need
to be sited in optimal locations and have people (demand points) assigned to them
simultaneously; this is known as the location-allocation problem. PODs may need to be
selected to serve the entire population (full allocation) or different priority or needs groups
(partial allocation). Several previous studies have focused on location problems in different
application domains, including healthcare. However, some of these studies focused on
healthcare facility location problems without specifying location-allocation problems or
the exact domain. This study presents a survey of the PODs location-allocation problem
during public health emergencies. This survey aims to review and analyse the existing
models for PODs location-allocation during public health emergencies based on full
and partial demand points allocation. Moreover, it compares existing models based
on their key features, strengths, and limitations. The challenges and future research
directions for PODs location-allocation models are also discussed. The results of this
survey demonstrated a necessity to develop a variety of techniques to analyse, define and
meet the demand of particular groups. It also proved essential that models be developed
for different countries, including accounting for variations in population size and density.
Moreover, the model constraints, such as those relating to time or prioritizing certain
groups, need to be considered in the solution. Finally, additional comparative studies are
required to clarify which methods or models are adequate based on predefined criteria.

Keywords: points of dispensing, location-allocation, public health emergency, healthcare, disaster response and
management

1. INTRODUCTION

Public health emergencies such as disease outbreaks and bioterror attacks demand an immediate
response to save people’s lives and to prevent the further spread of infection. The Centers for Disease
Control and Prevention (CDC) has created a new approach and organizational unit to meet the
challenges in responding to bioterror attacks and other large and complex health emergencies,
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whether naturally occurring, intended, or casual, such as anthrax
attacks (1). Furthermore, being able to respond to a range
of future emergencies means that the CDC has to expand its
capabilities and responses in terms of scale and speed to cover
two global trends: faster and more frequent international travel
and the increasing global population (2).

The standard method to increase the efficiency of mass
dispensing during health emergencies is to create emergency
points, called points of dispensing (PODs) (3). PODs are
locations for dispensing medical services, such as vaccines or
drugs, to a large number of people, while meeting a specific
time constraint (4). PODs are necessary to prevent people who
are not sick from becoming infected (5). There are two types of
PODs, opened and closed (6). While opened PODs are located
at public sites such as schools, closed PODs are operated by a
partner organization while the operation continues during the
emergency (6).

Poor decision-making while determining the location of
healthcare facilities such as PODs results in negative outcomes.
These adverse outcomes are not limited to cost and service but
also increased infection numbers and deaths due to difficulty in
accessing the service (5). A POD need to be sited in a location
and, simultaneously, have people assigned to the located facilities;
this is known as the location-allocation problem (5). Location-
allocation models are used to locate optimal facility locations and
allocate demand points to each facility (7). Location-allocation
models are operated by planners, who usually determine the
number of facilities required (7). The model then locates the
facilities before the demand points are allocated to the nearest
facility based on a measure such as shortest travel distance or
time (7), as shown in Figure 1. Facilities may need to selected to
serve the the entire population (full demand points allocation)
or populations at high risk, or with different priorities or needs
(partial demand points allocation).

1.1. Motivation

In March 2020, the World Health Organization (WHO)
declared the novel coronavirus disease (COVID-19) a global
pandemic (8). During the COVID-19 pandemic, public health
authorities required an immediate response plan to access
the affected population and ensure they have easy access
to the healthcare services and supplies (such as water or
food) they need. According to the CDC, distributing food via
delivery may be an ideal approach to inhibiting the spread
of COVID-19 (9). However, in the case of healthcare services
where a physical examination is required, patients need to
be able to access physical locations (face to face) to receive
services (10).

Given the nature of the fast-spreading of COVID-19,
public health authorities across the world needed to respond
immediately to ensure the protection of the public, stop the
infection from spreading further and provide mass prophylaxis.
In the early days of this pandemic, locations needed to be
assigned and set up for COVID-19 testing. Then, when COVID-
19 vaccines were approved, health facilities and other sites or
PODs were needed to provide fair access to the vaccine.

These PODs differ from traditional healthcare facilities, since
they involve the provision of easy and fair access for all demand
points (5) and have a role in providing medical supplies to protect
the public during public health emergencies. However, setting
up PODs needs to be done on a large scale and within specific
timeframes (4). Thus, locating PODs and allocating the demand
points to the designated PODs is a critical and challenging task.

PODs may need to be located to serve the entire population
(full allocation) or those who have difficulty accessing PODs and
those with different priorities or needs (partial allocation). This
survey provides taxonomy-based demand points allocation as full
and partial demand points allocation. Which may help improve
location-allocation models for efficient PODs assignment while
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ensuring fair access for all populations or addressing different
populations’ needs.

1.2. Contributions

This survey focuses on location-allocation problems for PODs
during public health emergencies. Previous surveys have focused
on location problems in different application domains, including
the location-allocation of general healthcare facilities (11, 12).
Location problems “intend to determine the optimum locations
for a set of facilities by minimizing or maximizing some
objectives for satisfying the existing and/or projected demand
with respect to a set of constraints in some given space (11, 13)”,
while location-allocation problems intend to locate facilities and
simultaneously allocate demand points to facilities (5). Surveys,
such as Ahmadi-Javid et al. (5) and Afshari and Peng (14),
have focused on the locations of healthcare facilities without a
focus on the location-allocation problems or specific applications
such as PODs during public health emergencies. To the best of
our knowledge, there exist no studies surveying PODs location-
allocation problems during public health emergencies in the form
of allocation decisions (full and partial). Thus, the contributions
of this paper are as follows:

e Providing a taxonomy for PODs location-allocation problems
during public health emergencies based on demand allocation
(full and partial);

e Comparing existing solutions based on their key features,
strengths, and limitations;

e Discussing the challenges and issues associated with the
current solutions for PODs location-allocation during public
health emergencies and providing future directions.

The rest of this survey is structured as follows: Section 2
introduces the background of the components of location-
allocation problems, location-allocation models and location-
allocation solutions. Section 3 presents survey methodology
while, Section 4 presents existing solutions to PODs location-
allocation during public health emergencies. Section 5 then
discusses the challenges of, and potential future research
direction for, location-allocation solutions for PODs during
public health emergencies. Finally, Section 6 concludes the
study.

2. BACKGROUND

2.1. Components of Location-Allocation

Problems

There are three essential components for location-allocation
problems: facilities, locations, and customers (15, 16). Facilities
reflect various objects with spatial positions to optimize
interaction with preexisting objects; an example of a facility is a
school or hospital. Locations are a set of candidate points where
facilities can be positioned or located. Finally, ‘customers’ is a
general term to indicate any objects interacting with facilities.
Customers can be users demanding a service from the facility,
for example communities requesting a public service in a rural
area. The modeling and analysis of interactions between facilities
and customers often require the knowledge of their spatial

TABLE 1 | List of mathematical notations and input parameters.

Variable Description

dj Travel distance or time from demand point / to the candidate location .
hi Demand at point /.

P Number of facilities to be located.

f; Fixed cost to locate facilities at candidate locations /.

v Transport costs per unit of demand per distance unit.

TABLE 2 | List of decision variables for PCLPs.

Variable Description

w Maximum travel distance from any demand point to its assigned
location.

X; 1 if a facility is located at candidate location j, otherwise 0.

Yi 1 demand point / is assigned to facility at the candidate location j,
otherwise 0.

positions (16). In the remainder, we refer to customers as demand
points.

2.2. Location-Allocation Models

The location problem can be discrete, continuous (5, 17) or
network (16, 18). Continuous location problems locate the
facility anywhere in a spatial region, while discrete location
problems limit facility locations to a set of prespecified candidate
points which may include the locations of the demand points (5,
16). Network models implement graph theory to model location
problem (16), and for the purpose of composing nodes and links
(18). Facilities and demand points can be located only on links
or nodes, and any travel between them should be within the
network (18).

We focus on the discrete case for several reasons. It is highly
flexible in terms of including various economic and geographical
features in the models (16). It also provides more natural
design results when free land is available and requires locating
a new facility at a prespecified place (16). More importantly,
using a discrete set of candidate locations is the preferred
approach for the majority of location problems and appears
frequently in healthcare applications (5). There are two categories
of discrete location-allocation problems which are covering-
based and median-based problems (5). Table1 explains the
mathematical notations and input parameters used in their
mathematical formulations.

2.2.1. Covering-Based Problems

In covering-based problems, each demand point should be
withing a particular distance or time range from the facility
that serves them. P-centre location problems (PCLPs) are
covering-based problems that aim to minimize the maximum
travel distances or times between the selected facilities and
the demand points. The decision variables of the PCLPs are
presented in Table2, and the formulation is as follows (5,
18):
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TABLE 3 | List of decision variables for PMLPs.

TABLE 4 | List of decision variables for FCLPs.

Variable Description

Variable Description

X 1 if a facility is located at candidate location j, otherwise 0. X 1 if a facility is located at candidate location j, otherwise 0.
Y 1 demand point / is assigned to facility at the candidates locations j, Y 1 demand point / is assigned to facility at the candidates locations j,
otherwise 0. otherwise 0.
Formulation of PCLPs Formulation of PMLPs
min W (1) min Z Z I’l,dl] Yij %)
ij
subject to
subject to
Y ovy=1, Vi )
j D Yy=1, Vi (10)
j
Y= o
j > X;=pP (11)
j
D dyYy< W, Vi (4)
j Yi < Xj, Vij (12)
Yi <X, Vij (5) Yj € (0,1}, Vij (13)
Yjj € {0,1}, Vi,j (6) Xje{0,1}, Vj (14)
. In the formulations listed above, (9) objective of PMLPs
X;e{0,1}, Vj (7) . . ) )
minimizing the total demand-weighted travel time or distance
between every demand point and their closest facility. The
W =0. (8)  constraints are listed from (10) to (14), where (10) limits the

In the formulations listed above, (1) illustrates the first objective
of PCLPs, namely, to minimize the maximum travel time or
distance between the demand points and the closest facilities.
The constraints are listed from (2) to (8), where (2) requires
assigning each demand point to only one facility. Constraint (3)
limits the number of established facilities. Constraint (4) states
the maximum travel time or distance, which means that W must
be greater than the distance between any demand point and its
serving facility. Constraint (5) is the facility that should be opened
to serve demand points. Finally, constraints (6), (7) and (8) are
the domain constraints. Note that (18) considers W a decision
variable, while (5) consider it an auxiliary variable.

2.2.2. Median-Based Problems

In this set of location-allocation problems, facilities are located
at the candidate locations to minimize the weighted average
distance cost among each demand point and the facility to which
they are assigned. Median-based problems are divided into p-
median location problems (PMLPs) and fixed-charge facility
location problems (FCLPs) (5). PMLP aims to locate the facilities
while minimizing the weighted travel time or distance. The
decision variables of the PMLPs are presented in Table 3, and the
formulation is as follows (5, 16, 18):

assignment of each demand point to a single facility. Constraint

(11) limits the number of established facilities. Constraint (12)

requires a facility to be opened in order to serve demand points.

Finally, constraints (13) and (14) are integrality constraints.
FCLPs attempt to minimize total costs in terms of traveling

and setting up the facilities. The decision variables of the FCLPs

are presented in Table 4, and the formulation is as follows (5, 18).
Formulation of FCLPs

min Y fiX;j+v Y Y hidyY; (15)
j P

subject to
> ¥y=1, Vi (16)
i
Yj € {01}, Vi (18)
Xje{0,1}, Vj (19)
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In the formulations listed above, (15) illustrates the objective of
FCLPs, namely, to minimize the total cost of demand-weighted
distance and facility opening. The constraints are listed from
(16) to (19), where (16) requires assigning each demand point
to a single facility. Constraint (17) requires opening a facility
that serve demand points. Finally, constraints (18) and (19) are
integrality constraints.

2.3. Location-Allocation Solutions

There are three solutions approaches for the location-allocation
problems (15): Exact solutions, heuristic methods, and
metaheuristic methods. Exact solutions (15, 19, 20), such
as branch and bound algorithm, find the optimal solution
through systematically examining a large subset of all possible
feasible combinatorial set of facility location and demand
allocation solutions. On the other hand, heuristic methods
(15, 19, 20), such as greedy assignment, find the near-optimal
solution by examining only a limited subset of the potential
combinations. Finally, metaheuristic methods such as genetic
algorithm (GA) (15, 21), provide a general framework and a
higher-level procedure to design heuristic algorithms which are
more powerful than standard heuristic methods.

3. SURVEY METHODOLOGY

This survey focuses on PODs location-allocation during public
health emergencies. Thus, two stages were involved in achieving
the objectives of the study: examining the results of previous
relevant surveys and reviews, and carrying out a literature review.
Examining previous surveys helps to understand the topic and
identify gaps in survey and review articles. The literature review
stage helps find, present and compare research papers proposing
a solution for PODs location-allocation during public health
emergencies. This stage also analyzes the solution’s strengths,
limitations and key features to identify particular issues and
challenges to guide future directions. This survey focuses on
solutions for location-allocation of PODs during public health
emergencies; a more detailed explanation and discussion will be
presented and provided for these solutions in Section 4.

A hybrid search strategy was adopted using systematic
and non-systematic approaches to obtain relevant research
papers. In non-systematic approaches, the papers were retrieved
through backward and forward citations or snowballing. The
databases considered in the search were Web of Science,
Scopus, and Science Direct. We also search Google Scholar,
a web search engine that indexes a full text or metadata of
scholarly literature in almost any area. The existing research
papers in PODs location-allocation were retrieved using different
keywords, namely location-allocation, points of dispensing, mass
vaccination, mass dispensing, emergency medical services. All
papers had to be in the field of emergency healthcare. While
to find existing survey papers about PODs location-allocation,
terms such as survey, review and healthcare facility location were
used in addition to the previous search keywords. The title and
abstract of each paper were evaluated to consider the relevant
papers. The search is limited to papers written in English. A

detailed overview of the survey methodology is presented in
Figure 2.

Most recent and relevant survey and review articles in a range
between 2012 and 2021 were examined to obtain an overview of
the locations of healthcare facilities or healthcare facility location-
allocation in emergency situations. Basar et al. (12) provided a
taxonomy for the locations of emergency service stations; the
taxonomy covers the type emergency, such as a fire or pandemic
disease, as well as use of different objectives, assumptions,
constraints, modeling choices, and solutions techniques. Afshari
and Peng (14) examined challenges based on the current needs of
decision-makers, and methods for locating healthcare facilities to
guarantee an optimal solution. They classified literature based on
resolved challenges, methods and solutions for facility locations.
They also examined the measures used to evaluate the studies
in terms of their objective functions and constraints. Ahmadi-
Javid et al. (5) presented a paper for both emergency and non-
emergency healthcare facility location that included PODs, but
presented only three relevant research papers.

Turkoglu and Genevois (11) presented a comparative survey
for service facility location problems in different application
fields, including healthcare. First, they defined several key
features for location problems, such as the number of facilities
or objectives. They then defined descriptive dimensions such as
application fields, and used these 19 characteristics to present
existing solutions. The solutions were categorised based on the
application fields and these characteristics were summarized for
each field. Moreover, they compared the solutions in different
application fields based on these characteristics.

Finally, in the location-allocation problem, Gwalani et al.
(22) evaluated and compared four heuristic algorithms to solve
the p-median problem in different terms, namely objective
function value, time, and stability. Also, they considered the
effect of scale (number of sources and destinations) and spatial
distribution of destination locations on the performance of these
algorithms. Finally, they applied the evaluation in synthetic and
real datasets, the latter including resource distribution during
bio-emergencies.

4. LOCATION-ALLOCATION MODELS FOR
PODS DURING PUBLIC HEALTH
EMERGENCIES

This section presents the existing research papers for location-
allocation models for PODs during public health emergencies.
We focused on retrieving the research papers between 2017 and
2021. As aresult, there were (2) and (2) research papers from 2017
and 2018, respectively, while in 2020 and 2021, there are (1) and
(4) research papers. The existing location-allocation methods for
PODs, as shown in Figure 3, are divided based on the allocation
of demand points as full demand points allocation and partial
demand points allocation.

4.1. Full Demand Points Allocation
Full demand points allocation presents the solutions for locating
the facilities regardless of the type of demand points. In other

Frontiers in Public Health | www.frontiersin.org

March 2022 | Volume 10 | Article 811858


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Alghanmi et al.

Points of Dispensing Location-Allocation

Survey Methodology

Search Sources

Web of Science Scopus

Science Direct Google Scholar

v

v

Existing survey papers in location or
location-allocation of healthcare
facilities in emergency situations

Existing research papers in PODs
location-allocation during public health
emergencies

Search Criteria

}

}

e Dates: 2012 -2021

* Keywords: survey, review,
healthcare facility location, location-
allocation, points of dispensing,
mass vaccination, mass dispensing,
emergency medical services.

e Dates: 2017 - 2021

* Keywords: location-allocation, points
of dispensing, mass vaccination,
mass dispensing, emergency medical
services.

Review Results

l

I

2012 (n= 1), 2014 (n= 1), 2017 (n=1),
2019 (n=1), 2021 (n=1)

2017 (n= 2), 2018 (n= 2), 2020 (n= 1),
2021 (n=4)

FIGURE 2 | Survey methodology. n refers to number of retrieved papers.

PODs location-allocation
models

Full demand points
allocation

Partial demand points
allocation

FIGURE 3 | Taxonomy of PODs location-allocation models during public
health emergencies.

words, it provides equal access to PODs for all populations, as
shown in Figure 4. Risanger et al. (23) suggested a model to select
testing sites for COVID-19 using pharmacies to overcome the
gap in coverage in the US in terms of the number of individuals
who wish to perform testing at their nearest site and reduce the
distance required to travel. They adopted an optimization model
(24), which was used to optimize pharmacy-based distribution
of antiviral drugs during the HIN1 pandemic. The objective is
to maximize the number of people probably who can travel to
limited testing sites (pharmacies). The optimization model is

based on mixed-integer linear programming (MILP), they used
mathematical optimization such as JuMP or CPLEX to solve it
(25, 26), and implementation of solution is freely available via
(25). The model used geographic region zip code and data with
the population willing to travel as the input (24). The zip codes
(mail delivery address) were converted to ZIP Code Tabulation
Areas (ZCTAs). ZCTAs are used by the US Census Bureau to help
obtain such information as counts, centroid coordinates, and
latitudes and longitudes for each ZCTA. The pharmacy datasets
were obtained from InfoGroup, Amazon Web Services, and
Esri’s national COVID-19 database. The results estimated that
94% of the population could access pharmacies, with coverage
exceeding 80% and 90% for 47 and 12 states, respectively.
However, the capacity of pharmacies is not considered, which
may make it difficult to manage matching testing capacity with
the testing demand.

In another study, Deng et al. (27) aimed to minimize
the number of emergency medical service (EMS) facilities
that need to be added to current hospital networks to cover
90% of the population within 15 min of travel time. The
population and facility data were obtained from LandScan
(28), the Health Bureau of Sichuan Province and the Health
Bureau of Chengdu (not available to the public). The proposed
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1. Location of
Facility.

% Location of Facility

FIGURE 4 | Full demand points allocation.
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1. Location of
Facility.

% Location of Facility

FIGURE 5 | Partial demand points allocation.

o o
/ﬁ\ w Demand points

3. The partial group of demand
points are allocated to the
nearest facility.

Service area

solution used Nearest-Neighbor to find the nearest EMS using
geographical information systems (GIS), with the shortest
one used. To solve the location set covering formulation,
a GA was then used. The results demonstrated that 55
of new EMS facilities were able to cover 90% of the
population within 15 min. It was also found that to access an
EMS facility, the weighted median shortest travel time were
reduced by 14.57%. However, in some cases the road network
may be affected by traffic jams, leading to an increase in
access time.

Devi et al. (29) suggested a model based on MILP for
temporary testing laboratories, aiming to minimize the total cost
and the travel time from demand points to the laboratories.
The overall cost includes fixed, operating, traveling and capacity
underutilization costs. They applied the model to Holmberg et al.
(30) and found underutilization of capacity. Based on that, they
added a third decision variable to capture the capacity needs. The

model was applied to a case study in Maharashtra, India, and the
data are included in the paper. The results demonstrated that
when there are 27 temporary testing laboratories, the total cost
for the first objective is 6.08E + 11, while the second objective
achieves 30.681 min. However, it would prefer to use ward-village
level data to ensure that the centers area located near people.

4.2. Partial Demand Points Allocation

Partial demand points allocation considers a partial group of
the population assigned to PODs, as shown in Figure 5, for
example older people at high risk. Huang et al. (31) proposed
a model for allocating four different types of vaccine to priority
groups via PODs distribution in Texas in the US. There were
five priority groups: ages 0-3, ages 4-24, high risk people aged
25-64, infant caregivers, and pregnant women. The model has
three steps, as shown in Figure 6 (31), which are the primary
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Allocation

|

Output: Final Coverage & Vaccine
Allocation

FIGURE 6 | Model for allocating vaccines of multiple types to priority groups
at multiple locations (31).

optimization model, secondary optimization model, and post-
process. The primary optimization model aims to produce an
optimal coverage rate to achieve equal access for each location-
priority group pair. The secondary optimization model then
reduces the type of vaccine for each priority group and ensures
geographic equity by providing similar proportions of vaccine
allocation among regions. The final step in the model is the post-
processing to obtain integer values for vaccine dose allocations;
both primary and secondary optimization model ignores the
integrality requirements. The model used priority group data (32)
and healthcare locations where the vaccine was available using
a tool designed for Texas (33). The results showed that with a
small, reserved amount of vaccine (6.8%), the model satisfied the
requirement of equal access, with 61.1% coverage of the priority
population. However, the number of doses required to achieve
immunity may reduce the chance of ensuring fair access for
all communities.

Gao et al. (34) proposed two models for the temporary
emergency center location-allocation such as M1 and M2. M1
aims to minimize travel time, whereas M2 aims to minimize the
rate of mortality risk. Then, GA and modified fuzzy c-means
(MFCM) (GA-MFCM) were developed. MFCM was modified to
introduce the initial value for mortality risk. Whereas, GA was
used to optimize the center of each cluster, and MFCM to group
the data. They applied the proposed model in the form of a real
dataset from Portland (America) post-earthquake emergencies
(34). The results show the M1 model achieves less travel time than
the M2 model, and M2 minimizes the total rate of mortality risk
for patients. However, the injury severity level at the threshold of
death is stated as a deterministic value.

In another study, Hudgeons (35) compared the use of the
opened PODs only against using the Home Health Agency
(HHA) as closed PODs and examined the impact on maximizing
throughput (people’s access to PODs) and minimizing resource
allocation (staff). The suggested solution consists of replicating

the process of services in PODs without HHA and identifying
the necessary HHA nurse process. In replicating PODs, RealOpt
simulation modeling software was used to show the patient’s
state traveling to, entering and leaving the PODs. The process
of the HHA nurse was then defined as in-home and in-transit
activities. For in-home activities, Monte-Carlo simulation was
used to estimate the nursing processes required from entering
to leaving the patient’s home. For the transit modeling, traveling
salesman heuristics were used to find the shortest path from the
current location to the following location. Data from the nursing
faculty at the University of Arkansas (not available to the public),
the zip code for the HHA, and the squared area of each zip code
(36) were used. The results showed that including the HHA as
closed PODs increased throughput by 2.4% and required 16 fewer
members of staff. Moreover, the solution targets the vulnerable
group but is not based on a real-life case as such it does not specify
who was involved and where they were located.

Memari et al. (37) suggested a solution to allocate injured
people to temporary emergency stations, with four priorities
group from high to low priority. They proposed a new fuzzy
dynamic location-allocation with multi-medical servers M/M/c
queue model. The model has bi-objectives to minimize the cost
to construct temporary emergency stations and death rate and
minimize the travel time and queue’s response time. Furthermore,
a fuzzy number is used to tackle treatment demand, travel
time, and arrival treatment rate uncertainty. They used the
augmented e-constraint method to validate the model and a
non-dominated sorting genetic algorithm (NSGA-II) to solve the
problem; they applied the model in synthetic data and real case
from Iran, Tehran (no information about the data). The results
demonstrated that the model was able to achieve a good result to
find the solutions. However, in some cases the road network may
be destroyed due to disaster, leading to need for vehicle routing.

Li et al. (38) suggested a model that could achieve three
objectives for locating vaccine sites to provide preventive
vaccination to a specific group, in this case children. The three
objectives were to minimize average travel distance to demand
points, maximize the number of fully open vaccine stations,
and minimize total costs, such as the fixed cost of opening the
vaccine station or the cost of medical staff. A mixed-integer
nonlinear programming (MINLP) model was used, which was
divided into two stages to reduce the computational burden.
Firstly, minimizing average travel distance is considered the
main objective, and this objective and other objectives are solved
independently using MILP; secondly, the other two objectives
are considered constraints. The model was applied to Nanshan
CDC in Shenzhen, China; the data for address and areas
of vaccination stations are obtained from CDC. Vaccination
stations, demand points and other data are available in (39). The
results demonstrated that opening 50 vaccine sites involves a
trade-off between three objectives, which helps CDC’s decision-
making. However, moving the demand point from one location
to another may involve the need to re-assign people to a new and
closer vaccine station.

Emu et al. (40) suggested the priority in conjunction with
distance-based vaccine distribution model (PD-VDM) based
on constraint satisfaction programming (CSP) to optimize the
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TABLE 5 | Summary of location-allocation solutions for PODs during public health emergencies.

Reference Methodology Objective Constraints Decision Location- Case Study  Datasets
function Variables allocation
model
Huang et al. Optimization Maximize fair Discretionary doses ~ Regions for Coverage- Texas, Priority groups (32)
(81) model access for different health service, based us healthcare places
priority groups vaccine types for vaccine (33).
and priority groups

Gaoetal. (34) GAand Two-objectives: Constraints: (2) Y Median- Portland, Population
MFCM Minimize travel and at least one based us and people

time patient assign geographical
Minimize the to facility coordinates
rate of locations (34).
mortality risk

Hudgeons (35)  RealOpt Maximize Maximum waiting Number of Coverage- - Data from nursing
simulation throughput time, required workers in based faculty (not
modeling, and minimize utilization per each POD (41) available
Monte-Carlo resource PODs, and number to the public),
simulation allocation of workers (41) Zip code for HHA,
and and the squared
traveling area of each zip
salesman code (36).
heuristics

Memari et al. NSGA-II, Bi-objectives: Total patient A patient assigns Coverage- Tehran, Simulated data

37) M/M/c minimize the cost demands in to a temporary based Iran source (37).

to construct a temporary station at time t,
emergency stations station at time t, a selected
and death number candidate temporary station
rate and locations, patient at time t, list of
to minimize allocates to selected temporary
the travel the nearest stations at time t,
time and and only one number of
queue’s response site, number temporary stations
time of medical are selected
servers, waiting from candidate
time, idle locations, number
probabilities, of medical
cost of servers at time tin
constructing a temporary station
a temporary
station

Risanger etal.  Facility Maximize coverage Constraints: (2), Candidate locations ~ Coverage- us Areas, pharmacies

(23) location for people want @), (5), 6), (7) and the nearest based (23) and Population
optimization to perform the test locations for willing
model predefined areas to travel (24).

Deng et al. (27) Nearest- Minimize number Percentage Candidate locations ~ Coverage- Chengdu, Population data
Neighbor of new facilities coverage and the demand based China LandScan (28).
and GA points are covered Road network from

by candidate National Geomatics

locations within Center of China.

15 min Supply side such as
healthcare facilities
from Health Bureau
of Sichuan Province
and the Health
Bureau of Chengdu.

Lietal. (38) MINLP model Multi-objectives: open facility, Demands group, Median- Shenzhen, The address and

minimize average fixed cost of medical staff, based China areas of vaccination

travel distance for
demand points,
maximize the

opining facility
and labor

fully opening facility,
opening facility,
workdays of

stations are
obtained from CDC.
Vaccination stations,
demand points and

(Continued)
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TABLE 5 | Continued

Reference Methodology Objective Constraints Decision Location- Case Study Datasets
function Variables allocation
model
Number of fully cost opening Median- Shenzhen, other data are
open vaccine facility and order based China available in (39).
stations, and amount for each
minimize the facility
total costs
Emuetal. (40) K-medoid Maximize vaccine One employee The DC allocates Median- Chennai, Hospital locations
and CSP distribution for vaccinates one an employee for based India distance from
priority groups person, each the person to be and google map and age
and minimize the person receives one  vaccinated coverage- distribution during
average travel vaccine from a based census 2011 (40).
distance single
employee and
the availability of
the vaccine
Devietal. (29)  MILP model Bi-objectives: Constraints: (2), X;, Yjand Coverage- Maharashtra,  Holmberg et al.
Minimize the (4), (5), fairness the capacity based India (80) and real
cost and of access, number of facility data (29).
the travel of facilities
time

vaccine distribution, aiming to maximize distribution for priority
groups. In this case, they considered age and minimized average
travel distance for individuals to get vaccinated. The PD-VDM
model is initialized by using k-medoid to select the number
of distribution centers (DCs) and then the priority groups are
assigned by minimizing the average distance. They performed
two experiments based on the randomly generated data and real
data obtained from Chennai, India. Additionally, they compared
their model with other models using different factors, such as
none or one of the distance and priority factors. They found
that, their proposed model (using randomly generated datasets)
was able to vaccinate the highest priority groups at 100% while
reducing the average travel distance by more than 40%. However,
in the real case, the model could vaccinate less than 90% of
the three highest priority groups while reducing the average
travel distance by more than 70%, which made the proposed
model better than others. However, number of doses required
to achieve immunity may reduce the chance of fair access for all
communities and other groups needs.

Table 5 summarizes current work on location-allocation for
PODs during public health emergencies in terms of reference,
methodology, objective function, constraints, decision variables,
type of the location-allocation model, datasets, and case study
region (when applicable). The methodology is the solution for the
proposed model. The objective function of the numerical value
that could be maximized or minimized (42). Constraints are
defined as the variable’s possible values, while decision variables
are the set of values that need to be defined to solve the problem
(42). The location-allocation model is as described in Section 2.2.
Datasets refer to the data used in the proposed model, while case
study refers to whether the model is applied to a specific location,
such as a particular city.

Table 6 presents a comparison of current work on location-
allocation for PODs based on their advantages and limitations
during public health emergencies. Table7 compares studies
based on a range of key features: locating facilities, identifying
number of facilities, the number of new facilities, type of facility,
density, and full or partial demand points allocation. In terms of
locating facilities, the physical locations for PODs are selected,
while the identifying number of facilities defines the number of
PODs needed to accomplish the desired objective. Meanwhile,
the number of new facilities identifies the number of new PODs
needed in addition to the current set of facilities to accomplish the
desired objective. The type of facility defines the place allocated
to provide the service, such as a pharmacy. Finally, in terms
of density, it is stated if the proposed solution covers different
population densities.

5. CHALLENGES AND FUTURE RESEARCH
DIRECTIONS

Section 4 presented different solutions currently proposed for the
location-allocation of PODs during public health emergencies.
However, certain issues and limitations remain that must
be addressed in future studies. This section discusses these
challenges and suggests future research directions for PODs
location-allocation during public health emergencies.

e Analysis of demand points
Demand for services in PODs will vary from country to
country and from one kind of emergency event to another.
For example, the COVID-19 vaccine is not appropriate for
children, which may change the allocation decision. Existing
solutions either assume that specific groups (38) are involved,
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TABLE 6 | A comparison of location-allocation solutions for PODs during public health emergencies based on their advantages and limitations.

Reference

Advantages

Limitations

Huang et al. (31)

Gao et al. (34)

Hudgeons (35)

Memari et al. (37)

Risanger et al. (23)

Deng et al. (27)

Lietal (38)

Emu et al. (40)

Devi et al. (29)

- Allocating the different types of vaccine (four types)
for priority groups via PODs distribution in Texas, US.

- Two objectives are considered as M1 and M2:

M1 aims to minimize travel time, while

M2 aims to minimize the rate of mortality risk.

- Using closed PODs instead of only using opened PODs.
- Including closed PODs with opened PODs increases
throughput by 2.4% and decreased staff shortage by 16
persons.

- Tackling treatment demand, travel time, and arrival
treatment rate uncertainty.

- Selecting testing sites for COVID-19 using pharmacies
to overcome gaps in coverage in the US.

- 94% of the population could access pharmacies.

- Minimizing the number of EMS facilities that need

to be added to current hospital networks.

- 55 of new EMS facilities are able to cover 90% of

the population within 16 min of travel time.

- Locating vaccine sites whilst minimizing average travel
distance for demand points, maximizing the number of
fully open vaccine stations, and minimizing total costs.

- Opening 50 vaccine sites makes a trade-off among
three objectives, which helps CDC decision-making.

- Maximizing vaccine distribution for priority groups
and minimizing the average travel distance.

- Providing solution for temporary testing laboratories
with aiming to minimize the cost and the travel time
from demand points to the laboratories.

- The number of doses required to achieve
immunity may reduce the chance of fair
access for all communities.

- The injury severity level at the threshold of
death is given as a deterministic value.

- The solution targets the vulnerable group but
is not based on a real-life case as such it does
not specify who was involved and where they

were located.

- In some cases the road network may be

destroyed due to disaster, necessitating

vehicle routing.

- The capacity of pharmacies is not considered,

which may make it difficult to manage matching testing
capacity with the testing demand.

- In some cases the road network may be affected by
traffic jams, leading to an increase in access time.

- Moving the demand point from one location to another
may involve the need to re-assign people to a new
and closer vaccine station.

- The number of doses required to achieve immunity
may reduce the chance of fair access for all
communities and other groups needs.

- It would prefer to use ward-village level data

to ensure that the centers area located near people.

TABLE 7 | A comparison of location-allocation solutions for PODs during public health emergencies based on their key features.

Reference Locating Identifying Number Type of Density Full demand Partial demand
facilities number of new a facility points points
of facilities facilities allocation allocations
Huang et al. (31) - - - - - - v
Gao et al. (34) v - - - - - v
Hudgeons (35) - - - HHA - - v
Memari et al. (37) v - - - - - v
Risanger et al. (23) v - - Pharmacy v v -
Deng et al. (27) v - v - - v -
Lietal. (38) v v - - - - v
Emu et al. (40) v v - - - - v
Devi et al. (29) v - - - - v -

or select them based on priorities in a specific type of
emergency event (31).

Thus, any analysis of the desired group (such as a
priority or a vulnerable group) is very challenging and
needs more attention due to the varied types of emergency
(such as a pandemic or tsunami) and the needs of different
groups of people (for example the elderly, children, or
pregnant women). More importantly, the point or location
of demands needs to be considered, along with whether it

is easy to access the PODs or a new POD needs to be set
up.
Covering
population
Population size and density differ from one country to
another; current solutions focus either on China (27, 38)
or the US (23, 31). A few cases from other countries
such as Iran and India (37, 40). A wider variety of
solutions is needed to cover populations of different sizes

different countries and
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and densities in other countries and cities in addition to
China or the US. Doing so may help decision-makers to
locate and utilize PODs according to the country’s needs
and to allocate them to populations of different sizes
and densities.
Model constraints

PODs are locations for dispensing medical services,
such as vaccines or drugs, to a large number of people
while meeting a specific time constraint (4). As shown
in Table5, PODs location-allocation problem considers
variety constraints such as budget or number of the fully
open facility.

Therefore, PODs location-allocation problem needs
to consider other types of constraints related to
PODs location-allocation problems, such as solving

the problem with the required timeframe to ensure
the coverage of either entire population or partial
population. Also, the partial group such as vulnerable
or priority groups can be considered a constraint for
the model.

e Evaluation and comparative
studies

To address the location-allocation problem, Gwalani

et al. (22) evaluated and compared four heuristic

algorithms to resolve the p-median problem as applied
to different terminologies, namely objective function
value, time, and stability. However, there is a dearth
of comparative studies evaluating methods utilizing
several criteria, involving determining which methods
are most applicable to maximize population coverage for
populations of different sizes and densities. This will be a
very interesting research direction for researchers seeking
to provide data to evaluate and compare models and
methods efficiently.

6. CONCLUSION

Public health emergencies such as disease outbreaks need
PODs to dispense medical services such as vaccines to a
large number of people within a specific period of time.
PODs need to be situated in an optimal location and have
demand points assigned to them simultaneously; this is known
as the location-allocation problem. PODs may need to be
selected to serve the entire population (full allocation) or
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Background: In the Euregio-Meuse-Rhine (EMR), cross-border collaboration is essential
for resource-saving and needs-based patient care within the emergency medical service
(EMS) systems and interhospital transport (IHT). However, at the onset of the novel
coronavirus SARS-COV-2 (COVID-19) pandemic, differing national measures highlighted
the fragmentation within the European Union (EU) in its various approaches to combating
the pandemic. To assess the consequences of the pandemic in the EMR border area, the
aim of this study was to analyze the effects and “lessons learned” regarding cross-border
collaboration in EMS and IHT.

Method: A qualitative study with 22 semi-structured interviews was carried out. Experts
from across the EMR area, including the City of Aachen, the City region of Aachen, the
District of Heinsberg (Germany), South Limburg (The Netherlands), and the Province of
Limburg, as well as Liege (Belgium), took part. The interviews were coded and analyzed
according to changes in cross-border collaboration before and during the pandemic, as
well as lessons learned and recommendations.

Results: Each EU member country within the EMR area, addressed the pandemic
individually with national measures. Cross-border collaboration between regional actors
was hardly or not at all addressed at the national level during political decision- or
policymaking. Previous direct communication at the personal level was replaced by
national procedures, which made regular cross-border collaboration significantly more
difficult. The cross-border transfer regulations of patients with COVID-19 proved to be
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complex and led, among other things, to patients being transported to hospitals far
outside the border region. Collaboration continues to be seen as valuable and Euregional
emergency services including hospitals work well together, albeit to different degrees. The
information and data exchange should, however, be more transparent to use resources
more efficiently.

Conclusion: Effective Euregional collaboration of emergency services is imperative for
public safety in a multi-border region with strong economic, cultural, and social cross-
border links. Our findings indicate that existing (pre-pandemic) structures which included
regular meetings of senior managerial staff in the region and a number of thematic
working groups were helpful to deal with and to compensate for the disruptions during the
crisis. Regional cross-border agreements that are currently based on mutual but more or
less informal arrangements need to be formalized and better promoted and recognized
also at the national and EU level to increase resilience. The continuous determination of
synergies and good and best practices are further approaches to support cross-border
collaboration especially in preparation for future crises.

Keywords: cross-border, emergency medical service (EMS), interhospital transport, Euregio Meuse-Rhine,
collaboration, crisis management, cooperation, EU cross-border mechanism

INTRODUCTION

Crises, such as natural disasters or disease outbreaks, increase the
strain on healthcare services including the emergency medical
services (EMS). System preparedness, based on its readiness and
adaptability, is vital to provide an adequate level of care to people
in need (1). This includes the provision of high-quality care and
transport of patients to the nearest and most appropriate hospital.
To achieve short ambulance response times, a key factor for
patient survival, inter-sectoral and cross-border collaboration are
crucial (2, 3).

The novel coronavirus SARS-COV-2 (COVID-19), which
reached the European Union (EU) in early 2020, had a significant
and rapid impact on inter alia healthcare (1). The fragmentation
of the EU in their approaches to tackling the pandemic became
apparent and showed the need for public health reforms at the
regional, national, and European levels (4, 5).

More specifically, the virus challenged cross-border
collaboration regarding EMS. Particularly in regions such as the
Euregio-Meuse-Rhine (EMR), which comprises the Southern
tip of The Netherlands (South Limburg), the larger Aachen
region in Germany, and North-Eastern Belgium (covering the
German-speaking community and parts of the French and
Flemish-speaking communities), cross-border cooperation is
essential to provide appropriate patient care with the appropriate
resources, including elective and emergency healthcare (6, 7).
Before the COVID-19 pandemic, more than 160,000 people
per year crossed the border of Belgium, The Netherlands,
Germany, Luxembourg, or France to receive medical care
during emergencies or elective treatments (8). Due to the EMR’s
characteristics, based on its geography, laws, languages, cultures,

Abbreviations: EMR, Euregio Meuse-Rhine; EMS, Emergency Medical Service(s);
IHT, Interhospital transport(s); MICU, Mobile Intensive Care Unit.

and economies, Euregional agreements, such as in healthcare,
ease the collaboration between the relevant national actors. EMS
and hospitals in the region are dependent on a well-functioning
cross-border collaboration, though national borders remain an
obstacle in the continuous development of the EMR (9-11).

With the increased spread of COVID-19, the cooperation
between EU countries changed and general European benefits
such as free movement {art. 3.2 Treaty on European Union
(TEU) and art. 21.1 [Treaty on the functioning of the
European Union (TFEU)]} were hindered if not prohibited
(12-15). Cooperation can rely on general legal instruments
regarding cross-border cooperation. In the European context,
the Madrid Outline Convention (16) and the European
grouping of territorial cooperation (EGTC) Regulation (17) are
leading instruments. With respect to cross-border healthcare,
the Directive 2011/24/EU of the European Parliament and
of the Council of March 9, 2011 on the application of
patients’ rights in cross-border healthcare also serves as a
basis for cross-border cooperation (art. 168.2 TFEU) (12, 18).
Nonetheless, European Member States acted independently and
sometimes reinstated border controls, which impacted cross-
border healthcare provisions negatively (14).

As the pandemic progressed in different waves, not every
country was affected at the same time and at the same level.
Figure 1 demonstrates the timeline based on the differing official
dates of the first three COVID-19 waves (until March 2021) in
The Netherlands, Germany, and Belgium.

This study aims to assess the impacts and consequences of
the first three COVID-19 waves on cross-border collaboration
between regional actors regarding prehospital care in the EMR. In
doing so, we hereby distinguish between primary and secondary
ambulance missions. Primary missions are emergency rescue
missions including the patient transfer from the emergency scene
to the next suitable hospital, where an initial stabilization and first
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or definite treatment can occur (25). Secondary patient transports
or interhospital transports (IHT) include all patient transfers
from primary healthcare facilities to a secondary or tertiary care
hospital in rural areas. They are frequently necessary to provide
comprehensive patient care (26), based on reasons ranging from
inadequate bed capacity to a lack of a tertiary department or
special equipment (27).

Investigating the impacts of and lessons learned from the
pandemic on cross-border collaboration regarding EMS and
IHT, we focused on: changes in cross-border collaboration
before and during the pandemic, as well as lessons learned
and recommendations.

This research adds a relevant and detailed analysis to some
previous studies (6, 7, 9). Based on the experiences and insights
of Euregional practitioners and experts in the field of EMS and
IHT during the first three COVID-19 waves, this study underlines
the importance of collaboration in this particular cross-border
setting under these demanding circumstances.

METHODS

We conducted semi-structured interviews with experts and
practitioners based in the EMR and from various fields, such as
the hospital, dispatch center, and ambulance/firefighting service,
to explore the impacts and consequences of the COVID-19
pandemic. The study was approved by the ethics committee of
the medical faculty of RWTH Aachen, Germany (registration
numbers: EK 390/20, CTC-A 20-417). All participants signed an
informed consent form.

Defining Collaboration Within the EMR
Setting

For this study, we follow van Houtum’s “cross-border
cooperation approach” [(28), p. 73]. The focus here lies on
interacting in a beneficial/useful manner based on mutual
understanding. The key terms are “effectiveness, success,
tools, instruments, connectivity, openness, (dis)similarities,
differences, synergy, networks, cooperation, and alliances” [(28),
p. 73]. The EU Directive on the application of patient’s rights in
cross-border healthcare similarly aims to enable cross-border
healthcare safely and with high quality by promoting cooperation
among the EU Member States [(3), Ch. 2, p. 35]. In the EMR,
close cooperation is needed due to the shared regional challenges
and opportunities defined by the geographical specifics, as
well as economic and financial settings and interdependencies

(10, 11). For our study, we particularly analyzed the EMR in
regard to a cooperation between the several German, Dutch, and
Belgian municipalities, counties, and health districts bundled
together in this cross-border area. This overarching cooperation
is subsequently strengthened by underlying collaborations.

We define cross-border collaboration in this study as “an
activity or arrangement in the field of healthcare undertaken
by two or more cooperating actors, located in different
systems/countries, with the aims of transferring or exchanging
patients, providers, products, services, funding, or healthcare
knowledge across the border which separates them” [(3), Ch.
7, p. 219]. In the EMR, cross-border collaboration has evolved
during the last decades as a long-lasting relationship among the
relevant key stakeholders in public safety, and especially, in the
field of EMS and IHT, collaboration is exercised as a daily routine
(10, 11).

To facilitate collaboration on public safety within the EMR
a group of key stakeholders [Euregio Meuse-Rhine In Geval
Van Crisis/In Case of Crisis (EMRIC)] has been formed more
than two decades ago. It brings together (public) organizations
in firefighting, EMS, and civil protection from either side of
the borders with the aim to support, coordinate, and intensify
the collaboration among emergency services, health authorities,
hospitals, and fire services in this border region. EMRIC is not
a legal entity but organizes the Euregional cooperation of the
operational structures in thematic working groups consisting of
representatives of, for example, the local EMS (29, 30). From this
group, the idea of the International Knowledge and Information
Centre in public safety (IKIC) project was initiated and this study
is a part of the project (31).

The studied region includes the Belgian provinces Liége
(incl. German-speaking Community) and Limburg, the Dutch
province South-Limburg, and the German city of Aachen, City
Region Aachen, and District of Heinsberg in North-Rhine
Westphalia (NRW). As the research area covers The Netherlands,
Germany, and Belgium, the international abbreviations NL, DE,
and BE are used in the results depending on the readability.

Figure 2 gives an overview of all medical cross-border
missions in the above-mentioned research area. Overall, a total
of 1,147 medical cross-border missions (EMS and IHT) were
reported in 2019, of which 715 (62,3%) had the destination NL,
321 (28,0%) the destination DE, and 111 (9,7%) the destination
BE. Compared to this, a total of 976 medical cross-border
missions were reported in 2020, of which 532 (54,5%) to NL, 371
(38,0%) to Germany, and 73 (7,5%) to Belgium. Particularly in
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FIGURE 2 | Emergency medical service (EMS) cross-border missions and interhospital transports (IHT) in 2019 and 2020 in the research area.

these cases, DE consists of the cities/regions Diiren, Euskirchen,
District of Heinsberg, City Region Aachen, and City of Aachen,
NL of South-Limburg, and BE of Liege and Hasselt (comprising
the whole EMR area). This data was provided by the Fire
Department of the City of Aachen as part of EMRIC. Further data
can be found in the Supplementary Material.

EMS Systems in the EMR

The EMS systems in Germany, the Netherlands, and Belgium,
and thus also in the EMR, differ regarding their structures,
operational standards and procedures, as well as their respective
underlying tasks. For life-threatening emergencies, the German
and Belgian emergency responses usually include emergency
physician units (DE: NEF; BE: SMUR/MUG) in addition to
ambulances with paramedics, whereas the Dutch system is based
on paramedics only, but with considerably higher qualifications
compared to the German and Belgian paramedics. Response time
requirements differ, as well as the triage systems that are used by
the respective emergency dispatch centers. Also, the availability
of resources and the threshold (criticality) that must be reached
to qualify for a medical response from the EMS system differ quite
significantly, with the Dutch system having comparatively fewer
resources and thus higher thresholds because of the requirements
set by the Dutch government. While all these differences continue
to coexist in the EMR, pragmatic and effective answers have to
be found in the daily working routine when one of the dispatch
centers in the region is requesting the dispatch of EMS resources
across the border to allow for the fastest qualified response
available to a critical emergency (2, 32-34).

Data Collection

Overall, a total of 22 interviews were conducted according to a
semi-structured interview guide (see Supplementary Material).
The guide covered topics related to pre-existing cross-border
agreements in the field of EMS and IHT, experiences of

participants during the first three COVID-19 waves, the impact
of COVID-19 measures on the Euregional collaboration, lessons
learned, and recommendations for the future collaboration in the
EMR. The interviews were conducted either in German, Dutch,
French, or English by 5 interviewers of the study team.

Participants of the study included experts at the political
and crisis management level, medical directors (EMS), dispatch
center managers, physicians, as well as firefighting, and
EMS practitioners from various collaborating institutions and
organizations in the EMR (Table 1), allowing for a wide scope of
unique viewpoints on the studied topics during the initial crisis.

Participants were invited from January to June 2021. The
interviewees were actively involved in the management of
the COVID-19 pandemic; therefore their availability was very
limited, resulting in an extension of the recruitment period and
lower participant numbers in certain regions (for example, The
Netherlands) than initially anticipated.

ID numbers (ID 1-22) were used to refer to the participants’
statements (Table 2). Each number represents one expert.

Data Analysis

All interviews were transcribed verbatim (excluding sounds),
anonymized, and translated into English by the interviewers and
native speakers (except for the German interviews). Afterward,
all interviews were analyzed in English or German. The software
Atlasti Web 9 (ATLAS.ti Scientific Software Development
GmbH, Berlin) was used to facilitate the collaborative coding
process. This allowed joint discussions on the coding processes
of each individual interview among the research group, in which
the native interviewers were also partaking.

Thematic coding based on the interviews was applied (35).
The coding book was carefully revised and adapted based on
discussions of emerging results, allowing for a detailed overview
of relevant findings. Predominant themes of the initial interview
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TABLE 1 | Details of the study participants (N = 22).

Stadt StadteRegion Kreis Limburg, BE  Province Zuid-Limburg, NL
Aachen, DE Aachen, DE Heinsberg, DE Liege, BE
Participants Medical director EMS 1 1 18 1
(function/expertise)™  Hospital/emergency physician 1 2 2 2
Political level/crisis management* 1 1 1
Ambulance/firefighting service* 1 2
Manager dispatch center 1 1 1

Dispatch center*

aThe participant was also a parliamentary advisor.

*representative; **most participants fulfilled several roles but were only interviewed as for ex. manager of the dispatch center.

TABLE 2 | Participant IDs per country.

Germany (DE) ID1-7
The Netherlands (NL) ID 8-12
Belgium (BE) ID 13-22

guide (see Supplementary Material) were used to structure the
results according to the following sections: the collaboration
before and during the pandemic, as well as the lessons learned
and recommendations. To increase readability, the findings were
additionally divided among the topics EMS and IHT with regard
to any involved operational processes.

RESULTS

In total, 22 experts in the fields of EMS and IHT in the EMR were
interviewed, 7 from Germany, 5 from The Netherlands, and 10
from Belgium. The experts were asked about their experiences
of cross-border collaboration before the COVID-19 pandemic,
changes during the pandemic, and missed opportunities in
the cross-border collaboration in EMS and IHT, as well as
recommendations for future collaboration within the EMR.

Cross-Border Collaboration Before the

COVID-19 Pandemic

Cross-Border Collaboration in General (EMS and IHT)
The cross-border collaboration in the EMR (also through
EMRIC) prior to the pandemic is perceived as well-functioning
and based on solid foundations (ID 1, 4, 6, 11, 16). Several
respondents refer to various general agreements concerning
cross-border collaboration that are in place, in addition to more
specific agreements around fire protection, EMS or disaster
management (ID 4, 5, 8, 9, 11). Further agreements between
municipalities exist in certain border regions. These agreements
take effect when one’s own regional resources cannot reach a
certain area in the legal time frame and can be reached faster
by foreign units (ID 9). At the operational level, the overall
collaboration in EMS and IHT is perceived as functional (ID 1,
6, 16).

Cross-border collaboration by means of the emergency
helicopter “Christoph Europa 1”7 (stationed in Wiirselen, DE),
is perceived as very well-functioning (ID 8, 18). The German
helicopter conducts a lot of missions in Dutch Limburg (ID 8)
and regularly supports EMS in the province of Liege (BE) (ID
18). The responsible parties of the Dutch Netwerk Acute Zorg
Limburg (NAZL; Network acute care Limburg) and Christoph
Europa 1 meet twice a year to exchange information and discuss
any difficulties (ID 8).

While the cross-border collaboration with South-Limburg
has been successful for many years and communication across
the border appears to be relatively easy and direct between
the services, the collaboration with Limburg North occurs
infrequently and is viewed to be more complex (ID 8, 9).

There is less collaboration between BE and both NL and DE
(ID 11, 18), although NL does request BE resources occasionally
(ID 13). Possible reasons for less support requested by BE
from the neighboring countries include better spatial coverage
by their own ambulance resources close to its borders with
NL and DE, differences in EMS structures, and a language
barrier for the French-speaking part (ID 11). Overall, BE receives
more help than it provides to DE or NL (ID 18). One expert
emphasizes that in cross-border collaboration, there is never
an equal balance between the countries, meaning that there is
always one predominantly receiving and another one requesting
resources (ID 13).

EMS Operational Processes

In the last years, no specific problems were reported when
requesting or providing help in the cross-border setting (ID
1, 6, 16). German ambulances are usually obliged to transport
patients to the nearest suitable hospital, also during a cross-
border mission (ID 3). Still, in the border region, German EMS
teams try to bring German patients to German hospitals and
Dutch patients to Dutch hospitals, even if the hospital from
the respective neighboring country is closer (ID 5, 6). One
German expert emphasized that Dutch hospitals admit every
patient transported by German ambulances to the emergency
room (ID 3). On occasion, Dutch and Belgian ambulances also
bring patients to DE if this is the nearest intensive care unit
(ICU) bed available (ID 2). Cross-border care is challenging
for BE as it is uncommon, and processes seem to be unknown
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among participants (ID 18, 19). The usual procedure in BE is
to seek permission from their dispatch center to approach a
hospital outside of their own region (ID 16, 18, 21). Belgian
ambulances are only allowed to bring patients across the border if
an emergency physician is on-scene and the foreign hospital has
the specialized department required to treat the patient (ID 16,
19, 21). Between certain medical specialization departments and
NL hospitals, (informal) agreements were established with the
BE EMS service, including for example agreements on pediatric
emergency patients, which can be transported directly to the
hospital in Maastricht without requesting prior permission from
the dispatch center (ID 21). One participant mentioned that the
transport of German-speaking Belgians to a German hospital
can be challenging because of the underlying structures (ID 18).
The following illustrates a specific scenario where an exception
was made regardless of the usual processes; several patients from
a mass casualty event in BE (a terrorist attack on Place Saint-
Lambert in Liége) were transported by Dutch ambulances to
Maastricht (NL), whereas patients would usually be transported
interprovincially (ID 18).

German experts feel that speaking German during a patient
handover or when communicating with the Dutch dispatch
center in The Netherlands is very beneficial (ID 1, 7).

“[...] If a patient [...] because he is Dutch or Belgian, or because I
have the mission in The Netherlands or Belgium, want to transport
him to a hospital there, I have never personally encountered
problems. It always worked great to place the patient there, yes,
one does not exactly know who needs to be called, because that has
changed several times especially in Maastricht, now. But still you
were always welcomed in a friendly manner and from my point of
view it works much more smoothly than here in Germany” (ID 1).

Concerning the acceptance and recognition of educational
background and competencies, each country accepts those of
the foreign EMS staff, and everyone works according to their
own standards and standard operating procedures (SOPs) for
treatment (ID 5, 11, 20). Related to this, two BE experts are under
the impression that the different levels in acute care training and
the differences in performing medical procedures by the various
urgent care teams are problematic (ID 14, 15). One Belgian
expert also describes the differences among the EMS vehicles as
a challenge, as regular emergency physician vehicles do not exist
in NL, neither the Paramedical Intervention Team (PIT) (higher
qualified staff compared to regular ambulances in BE) in DE and
NL, and because Belgian ambulances are not legally recognized
in DE (ID 17).

In general, handover procedures are carried out according to
the guidelines of the country to which the patient was transported
(ID 20). In the District of Heinsberg, a cross-border handover
protocol (DE and NL) is in place, which was developed by an
EMRIC working group and helps to give a structured overview
about the most important handover facts in Dutch and German:

“[...] The EMS expects how to hand over the patient now, as
quickly as possible, as it is in Germany. And in The Netherlands
they have such expectations, what's next, and do they announce it
to me correctly, do they make a sensible handover for me?! And I

think this structured protocol has contributed to this [...] because it
is then relatively clear, okay, they will want to know that from me
soon. And so that you have it available, that’s why it’s [stored] on the
vehicles, then we take [...] and fill it out or browse through it when
it comes to the registration” (ID 6).

In EMS, the pre-announcement en-route to the receiving hospital
is done by calling the destination hospital directly (independently
of where the hospital is located) (ID 1, 9, 10, 21):

“So I try to call the hospital directly with the numbers I have, so that
it doesn’t have to go through the dispatch center from Aachen to
Maastricht from Maastricht to the hospital’ I'm actually lucky that
someone always speaks German [...]” (ID 1).

This facilitates that the emergency department staff is adequately
prepared for the arrival of a new patient; pre-announcement is
especially expected from Dutch hospital staft (ID 10).

IHT Operational Processes

Cross-border IHT between NL and DE are regularly performed,
while everyone concentrates on their own processes, no
difficulties are perceived (ID 1, 2, 7):

“The Dutch hardly ever transport interhospital to Germany. They
have a functioning, adequate health system with a [..] much
better-appearing organizational structure in terms of intensive care
transport from hospital to hospital [...]. Belgium also has a well-
functioning health system, which is of course oriented towards Liége
and Brussels. [...] Our contact region is East Belgium with the
German-speaking area, which by law is fundamentally entitled [. .. |
to be treated by someone who speaks German” (ID 2).

Cross-border IHT from BE to DE or NL is possible (ID 16, 20),
although the transport between hospitals is not considered to be
emergency medical care in Belgium but is rather classified as non-
urgent patient transport (ID 20) and is usually only coordinated
within certain provincial networks nearby (ID 18). In addition,
cross-border THT from Belgium are only allowed in certain
circumstances under certain conditions (ID 15, 18) and the BE
system favors transferring patients within the same province
or to the next Belgian province (ID 18). If a child in critical
condition needs intensive care and nearby Belgian hospitals with
a pediatric ICU are not available, one expert reports very positive
experiences in referring children to the hospital in Maastricht
(ID 19). For pediatrics and neonatology, certain agreements exist
between hospitals in BE and NL (ID 21). This is in line with the
(informal) agreements for EMS to transport children directly to
Maastricht (ID 21). The expert was impressed by the level of care
via the mobile intensive care unit (MICU) retrieval teams from
Maastricht as shown in the past (ID 19).

Requests for patient takeovers and IHT from NL or BE to DE
are particularly very rare (ID 2):

“Interhospital transfers from The Netherlands [are] an absolute
exception. And if that’s 3 in the year, its a lot” (ID 2).
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Nonetheless, a strong collaboration between the hospitals in
Aachen and Maastricht exists (ID 8). When performed, cross-
border IHT generally operate the same way as within their own
country; a transport request is made and if a bed is available at a
certain hospital, the IHT will take place (ID 9, 11). In addition,
IHT between the hospitals in Eupen (BE) and Aachen take place
and are organized informally, without involving the dispatch
centers (ID 13).

A collaboration between the MICU in Maastricht and the
MICU in the Region of Aachen is in place but is rarely used
(ID 1). IHT in NL provided by a German MICU usually does
not happen (ID 3). Only if the Dutch MICU is not available or
does not have the capacity to perform a certain IHT, a German
ambulance or MICU is requested to pick up the patient in The
Netherlands or the other way around (ID 3, 5).

Operational Dispatching Processes (EMS and IHT)
Communication among dispatch centers in the EMR is
unproblematic and straightforward according to one NL expert
(ID 8). The responsibility for EMS missions lies with the country
where the incident happened, however, if a cellphone call is
wrongly directed to one dispatch center due to the proximity
to the border, the call needs to be referred to the responsible
dispatch center (ID 5):

“[...] a classic example would be that in Vaals [...] there is an
emergency, and the Dutch then contact us to ask whether the
ambulance station 7 [in Aachen] is manned by an ambulance and
if that is the case, it will then be dispatched to Vaals, [...] but
remains a mission in the responsibility of the Dutch. [...] If that is
an emergency request by mobile phone from Vaals, it then arrives
at the dispatch center [in Aachen] and they now see ok, we also
have the ambulance 7 available, then, of course, they could say,
we will send it to you directly because that is also actually possible
according to our German regulations [..]. But we are not allowed
[...] we forward this emergency call to Maastricht, [...] they make the
decision whether they want the corresponding support from Aachen
or not” (ID 5).

Similarly, for IHT cases, the responsibility lies with the dispatch
center in the region where the patient is picked up (ID 5).
Consequently, patients can be transferred over the border
without the need to inform all involved parties (ID 5). For
example, a transport provided by NL from a Dutch to a
German hospital only involves contact and information exchange
between the Dutch hospital, the Dutch dispatch center, and the
German hospital. The German dispatch center is not informed
or involved, and the contact between hospitals is usually by
telephone (ID 6). Generally, in the region of Heinsberg, it is
perceived that the Dutch dispatch center calls more often for help
from the German dispatch center than vice versa. However, a
special vehicle for infant transportation is sometimes requested
from the dispatch center in Maastricht as it is the closest special-
purpose vehicle in the area around Heinsberg and Aachen (ID 7).

In NL, the regulations and guidelines for the quality
parameters of EMS systems are described to be different
compared to DE regulations. One example is that the required
time to arrive at the scene is monitored much stricter in NL

and can influence their decision-making to request help from
neighboring EMS:

“[...] for the Dutch, it is very important how for example the time
of arrival is and when the German vehicles [arrive]. So [...] they
alert a German ambulance, then they have to be able to understand
exactly how long this ambulance has now required [to arrive at the
scene]” (ID 5).

To reach their target of a 15-min arrival time to very critical
patients (urgency level Al in NL), the dispatch center in
Maastricht regularly requests ambulances from DE due to their
closer proximity to certain areas such as Vaals (NL) (ID 11). The
Dutch EMS can only fulfill the time limit of 15min in more
than 95% of the A1 (highest urgency) rides with support from
the German EMS (ID 11). On the contrary, the Dutch EMS are
well-placed to cover the border-region to Belgium with their own
resources and consequently require less support from Belgium.
In BE, DE or NL ambulances may only be requested if they can
reach the emergency scene at least 10 min before their own BE
resources (ID 13).

When it comes to a request for help, the Dutch dispatch center,
for example, calls the German dispatch center to share the most
important information and the relevant emergency keyword.
However, the German dispatcher decides which emergency
keyword will be chosen to alert the German EMS resources. The
decision to dispatch a certain urgency level or EMS response may
differ from the original request because the Dutch and German
emergency keywords and processes are different (ID 7):

“[...] I have a heart attack on this and that address [...][it is] the
same as what we ask. But in the end, we have to think about it
ourselves, does that fit our [...] emergency keyword or not? If we
now have a heart attack, [we] will just send an ambulance plus
physician there, regardless of whether they [originally only asked]
for an ambulance” (ID 7).

Cross-Border Collaboration During the
COVID-19 Pandemic

At the beginning of the pandemic, the collaboration proceeded
at the same level for non-COVID-19 patients. On the contrary,
for patients with COVID-19, cross-border collaboration was
only possible via personal and informal agreements between
stakeholders. Over the course of the pandemic, cross-border
missions and transfers decreased in cases of non-COVID-19
patients and patients with COVID-19 were only transferred
across the border after introducing official coordination measures
at the national level (ID 2, 3, 4, 5, 8, 9, 10, 12, 13, 17, 20).

Respondents consider the collaboration between NL and DE
before and during the pandemic to be particularly good since it is
based on already existing partnerships (ID 5, 8, 11).

Cross-Border EMS Missions During the Pandemic
(Non-COVID-19 Patients)

Some experts assumed that cross-border missions still took place
in the same quantity as before the pandemic (ID 1, 10), while
others felt that cross-border interaction decreased especially with
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Belgium (ID 3, 16). Decreasing numbers of cross-border cases
between Aachen and BE and between NL and BE have also been
experienced before COVID-19 (ID 3, 11). After the initial phase
of the pandemic, the number of cross-border missions returned
to the same level between Heinsberg and NL (ID 6).

Cross-Border IHT Missions During the Pandemic
(COVID-19 Patients) Before the Implementation of
National Planning Tools

Because Germany has more ICU capacity than Belgium and The
Netherlands, requests for taking over patients with COVID-19
over the course of the pandemic were mainly directed toward
Germany (ID 13, 10, 21).

Cross-border IHT collaboration between NL and DE was
more common in the first peak of the pandemic when insufficient
ICU beds were available in Limburg (NL) and patients were
transferred to Germany (ID 8, 9); this was based on the existing
relationships between Maastricht, Aachen, and Venlo, but also
between Enschede, Twente (NL), and the corresponding German
hospitals (ID 8). The communication and initiation of this IHT
happened at the hospital level (ID 9).

The number of patients who were transferred to German
hospitals decreased as the pandemic proceeded. Patients were
mainly transported to other Dutch hospitals, especially when
regions were labeled as high incidence areas (ID 4).

“So the Dutch first and foremost allocate within the country
before they go abroad, which is actually not the normal situation.
The normal situation near the border is actually [...] that one
also exchanges across borders. Amidst high incidence, that doesn’t
happen currently” (ID 4).

For BE, cross-border IHTs were stopped and BE did not accept
foreign patients during the first two waves. Anything that fell
within the EMS agreements (outside of COVID-19) continued
and the general rules were followed. Patients with COVID-19
were not transported abroad, and neither were any accepted at
the beginning (ID 20), except for specific cases (ID 13, 21), which
were transported abroad by the Belgian military (ID 21).

During the second wave and only if national resources were
not available, BE patients were brought across the border, outside
of the Belgian hospital network (ID 13, 20). The province of
Liége was impacted significantly by the pandemic and around
230 patients had to be transferred (which accounts for their entire
provincial ICU capacity) (ID 13, 17, 18). Of these 230 patients, 30
patients were transferred to DE (ID 13). Also, patients could be
transported, who under normal circumstances would not have
been allowed to be transferred due to the national guidelines
(ID 14). Normal cross-border EMS cases, excluding COVID-
19 cases, continued during the pandemic as regulated by the
official national agreement between NL and BE (ID 20). In
addition, extraordinary agreements for patients with COVID-19
were implemented at the national level which led to the take-over
of Dutch and French patients in BE Limburg and the transfer
of Belgian patients to Germany. These IHT did not create any
obstacles (ID 20), even though there were a few concerns and
cross-border IHT were closely monitored by a sub-team in BE
that organized the cross-border transfers (ID 13). In rare cases,

German ambulances or MICU picked BE patients up in Belgium
and transferred them to Germany. German ambulances often
also transferred Belgian patients back to BE; this was also the
case for Belgium, which sent out resources to pick up patients
in Germany and transferred them back home (ID 13). This
allowed for flexibility in cross-border IHT and created more
resource capacity in BE (also for non-emergency transports)
(ID 13). Patients were only transferred back to Belgium if they
were no longer in need of ICU treatment and received their
final treatment in BE hospitals (ID 18). Other patients, however,
completed their hospitalization in the foreign hospitals across the
border and at times deceased there (ID 18). One Belgian expert
explained that BE hospitals selected which patients were viable
for cross-border transport very carefully. This seemed to be well-
appreciated by receiving hospitals since patients did not arrive in
unstable critical conditions (ID 18).

EMS and IHT Operational Processes

With the onset of the pandemic, Belgian hospitals (mainly
Verviers or St. Vith) directly asked the university hospital in
Aachen to take over ICU patients; this was coordinated as per
usual via telephone between the physicians (ID 2, 16). One
expert stated that the tele-EMS physician in Aachen played an
essential role in pre-announcing cross-border ICU patients at the
respective hospitals for IHT (ID 4).

At a political level, Germany agreed to take over BE patients
when BE reached its capacity limit (ID 16). When certain
missions were officially initiated at a political level, cross-border
IHT with national resources took place but Belgian patients
were also transported by German ambulances while billing issues
remained unclear (ID 4). One expert explained how help is always
provided first, and legal questions need to be discussed afterward
(ID9):

“If another dispatch center calls for support, we will arrange the
support and whether or not this is allowed, we will see afterward.
[...] its all about the patient’s health in the first place and the rest
will follow” (ID 9).

The process of IHT between the hospitals in Eupen and Aachen
changed during the pandemic and was organized formally via the
dispatch center in Liege (ID 13).

Organizing transfers from BE to DE was very challenging
and time-consuming and the coordinating team had to be able
to speak French/German or French/English (ID 13). Already
existing contacts through EMRIC and the medical working
group cross-border emergency medical assistance in the EMR
(EUMED) facilitated the transfer of BE patients to the close
border region around Aachen in Germany (ID 13).

IHT processes included the ongoing contact among the DE
and NL EMS and the director of the trauma center in Maastricht.
Neither side considered it necessary to change previous habits
and operational processes, including differences in personal
protective equipment (PPE) or hygienic measures (ID 3, 9,
11). National, regional, and local standards and measures were
recognized by the other countries just as before the pandemic (ID
9,11).
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“No, we actually asked [the responsible persons from the Dutch
EMS and from the Maastricht University Hospital] [...] whether we
come into conflict with our somewhat different PPE concept [...] and
they said: *You do as you want, and we do as we want. And we also

»

accept your scheme as you want, so everything is not a problem”
(ID 3).

The national treatment guidelines of patient care in the cross-
border setting could still be applied by the EMS teams as before
the pandemic:

“Overall, as far as I know, the cross-border collaboration continued
to function just as it did before. And the Dutch came over to us
for missions and |[...] treated a COVID-19 patient according to
the Dutch system and we did the same |[...] in The Netherlands or
Belgium” (ID 5).

Resource Capacity and Management During the
Pandemic
Resource requests from the dispatch center in Maastricht to the
district of Heinsberg (which was hit seriously during the onset
of the pandemic) decreased significantly. The dispatch center in
Heinsberg was also not always able to provide help when asked
for resources, as its own resources were very scarce (ID 7).
Capacity problems in the initial phase of the pandemic in
hospitals on both sides (NL and DE) led to hardly any patients
being accepted from across the border. For example, only Dutch
patients or patients living in the border region could be brought
to a Dutch hospital, but otherwise, foreign patients were not
accepted in NL (ID 7) and neither in BE (ID 20). German patients
from Heinsberg were therefore often not transported to Dutch
hospitals when resources were scarce on both sides of the border
(ID 7):

“And then they said, [..]'we’re full, right, go to your hospitals’;
we hardly asked then because it was difficult to explain to the
German there that he was going to be driven to Holland, where the
incidences are perhaps even higher. [...] then, of course, they didn’t
really want that either” (ID 7).

Admitting patients with COVID-19 to an ICU implies long-term
hospitalization and ICU treatment. Hence, tying up considerable
resources for a long time for one patient needs to be considered
when agreeing to accept foreign patients (ID 2, 18).

Information Exchange During the Pandemic

A Euregional dashboard facilitated the exchange of essential
information (ID 4, 14). One main challenge, however, was
the different approaches to processing certain information,
like differing working and decision-making processes based on
different factors. For example, in Germany, decision-making was
based on incidence numbers (ID 4).

Crisis management team discussions in the City and City
Region of Aachen included data of EMS resources and bed
capacity planning of hospitals in the EMR (including COVID-
19 patient numbers and bed capacities, which are updated daily
on the NL and DE side) (ID 1, 11). This data was also shared
with BE (ID 14). Other than that, cross-border cooperation was

not discussed any further (ID 1, 11). Additionally, another expert
from a different region was not aware of cross-border topics being
discussed in the crisis management teams (ID 10).

Close communication between actors across the borders
(federal police Germany, EMR, EMRIC, other crisis management
teams) remained intact (ID 4, 5, 20), but no contact person from
NL or BE was actively involved in the local crisis management
teams in Germany (ID 4,5).

Experts working operationally experienced that at a political
level, cross-border support was promised very quickly and
seen as having worked very well-despite the fact that detailed
information of cross-border rescue missions (who brings a
patient from Belgium to Germany for example) was not properly
exchanged and the execution was left to the operational EMS
teams (ID 1, 2). Additionally, it was difficult to give definite
numbers to foreign countries on how many patients could be
received, as hospitals had to make sure they were available for
patients in their own region (ID 2).

“[...] There was this appeal from Belgium to take on patients. |...]
so it happened one evening that a patient was supposed to be
transferred from Eupen, who was completely stable [...] and for
whom a primary physician vehicle had to [be dispatched] [...] and
that was [a] totally useless waste of resources and then you only
get told from the upper level that this is a highly political matter,
we have to do that now, and I just think thats wrong, [...] if you
already have a crisis management team, and if you have such a big
situation, then [...] you can’t personally boast about: ’I always have
an emergency physician for you [...]" [...] But thank God that only
happened once” (ID 1).

“In the end, you need a setting where it is clear [that] when [...]
two governments at federal or state level say that this is now [the]
concept: Patients are transferred from country A to country B -
[...] it cannot be that the discussion starts [again] via the micro-
management [level] with the respective manager or dispatcher from
the EMS [...], about which vehicle is going where and whether it
can drive with a special signal and how many people... can join
there and if a patient is [transported], who will pick him up and
whether the Belgian EMS will have to do that [...]Jand who informs
him” (ID 2).

One expert, at a higher managerial level in the EMS, had an
opposing viewpoint and could not report any difficulty at the
operational level (ID 5):

“So in the [...] operational business [...] nothing became known [to
me] that there were difficulties [...] somewhere” (ID 5).

This was supported by one German expert at the crisis
management level who concluded that much more intensive
cross-border communication and exchange took place (ID 4).
Also, new Euregional working groups were created within
EMRIC, forming a new European project named PANDEMRIC
(ID 4).

No problems were reported to the experts regarding border
closings; these had no operational impact for EMS or IHT (ID 5,
7,8, 9, 16, 17, 20). One expert explained that the fear of border
controls led to an arrangement where BE ambulances were being
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escorted by police forces to avoid any transfer problems at the
borders (ID 14).

The Implementation of New National Planning Tools
During the Pandemic (COVID-19 Patients)

All three countries eventually implemented changes to the
national organization of IHT, especially for patients with
COVID-19 during the pandemic.

In NL, IHT had to be managed according to
national guidelines and through the regional [Regionaal
Coordinatiecentrum Patiénten Spreiding (RCPS)] and national
coordination center [Landelijk Coodrdinatiecentrum Patiénten
Spreiding (LCPS)] for both the national and international THT.
This was a major obstacle to the cross-border collaboration
between NL and DE as this made Euregional or direct
communication and transfers impossible (ID 5, 8, 10, 11).

“So the only thing I found unfortunate, especially when the LCPS
really came onto the scene, that they were very much attached to
the national borders” (ID 10).

International transports in Belgium were organized by the central
government, for which a national task force was established: the
Surge Capacity and Transport Taskforce (ID 17, 20). In contrast
to before, these transports were now organized via the dispatch
center in Liege (ID 17). One expert criticized information from
the task force as being insufficient, as hospitals and EMS were not
informed properly about capacity in other regions (also across the
border within the EMR) (ID 21).

A new coordination point in Minster (Germany) was
introduced focusing specifically on the coordination of cross-
border IHT in Germany (ID 2, 9). This center is responsible
for the allocation of ICU resources. Some experts explained that
the center did not coordinate cross-border IHT but was rather a
point of contact (ID 2).

“The state government and the federal government provided
regulation for Covid treatment within the framework of this
cluster regulation, [...] a communication center |[...] attached to the
university hospital in Miinster, which primarily [...] should take
over the locating of intensive care resources. [...] That was well
thought out on paper. In reality, it was the case that the staff in
Miinster took calls and then said |[...] ‘call the nearest hospital and
talk to them’ [...], then we had to refer them to Miinster and then
the hospital in Miinster said to the dispatch center ‘yes, but you
have already called Aachen, then call again’. And when we said ‘we
had no capacity’, he would call Miinster again and say Aachen says
they have no capacity’, and then maybe the colleagues in Miinster
suggested a second hospital, where he then had to call as well”
(ID 2).

The coordination point redirected any call for help to, for
example, the Western Single Point of Contact (SPOC) center
(one of the five national coordination points for IHT during the
pandemic in Germany) (ID 4, 5). Dutch and Belgian staft were
not properly informed about the coordination center in Miinster
(ID 2). Nonetheless, experts reported a few IHT (NL to DE),
which were organized via the coordination point (ID 3).

One of the Dutch experts explained that a lot of distress
was caused for Dutch families when patients were transported
to Germany organized via the coordination points LCPS and
Miinster. The LCPS does not consider the “human-factor” but
simply chooses the next hospital from a list of available locations
provided by Miinster, even if it is very far away (ID 10, 11,
13). This leads to dramatic consequences for patients and their
families because of large distances and, e.g., families needing to
stay in holiday apartments to be close to their relatives (ID 11).

“[...] there [was] an unbelievable amount of misery [...] in bringing
the patients to Germany. That had an impact on the families”
(ID 11).

In cases where Dutch patients were transported far outside
the border region, every family was supported by a Dutch
social worker and contact person (ID 11). Additionally, the
coordination at the national level caused IHT from NL and BE
to German hospitals outside the border region, which are not
used to receiving patients from other countries (ID 13). Some
problems occurred such as foreign helicopters landing in the
wrong location (ID 13).

Possible Lessons Learned and
Recommendations Regarding
Cross-Border Collaboration in the EMR

As emergency situations or dangers do not stop at borders,
cross-border collaboration is seen as very important (ID 4, 8,
13,22):

“I find the cross-border collaboration extremely exciting. [...] I think
it is right and important to continue working on this topic and such
a situation, where there is certainly danger inherent, must never
lead us to fall back into situations where there is no longer any cross-
border collaboration because also the danger [...] does not stop at
the borders” (ID 4).

“I think it’s very important to have the cross-border collaboration
because our region has so many borderlines connected to Germany
and Belgium that is for us it is more or less a partner of which you
think very often where you could collaborate perhaps” (ID 8).

Especially when it comes to determining which ambulance could
be fastest at the emergency scene or which hospital is nearest,
borders and differences in billing (or other) should not play any
role (ID 22):

“I think our health insurance differs on a number of points, but
when it comes to emergency medical care, I don’t think that should
be a factor. Then it really comes down to human lives and patient
care. I think it should take precedence over the rules and other
interests” (ID 22).

More central structures for communication and crisis
management plans should be developed for cross-border
collaboration in catastrophes and disease outbreaks, such
as COVID-19 (ID 2). Further positive aspects related to
communication, preparedness, general collaboration, and
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TABLE 3 | Positive aspects of the cross-border collaboration in the Euregio Meuse-Rhine (EMR).

Area Positive aspect Participants (ID)

Communication Structured and regular communication is very helpful, especially with EMRIC and the Euregio Meuse-Rhine as an 4
organization

Communication Communication generally functions well across the borders as it is based on a strong network 9

Preparedness Exercises and preparation within EMRIC are useful for certain scenarios in cross-border collaboration 8

General collaboration Good collaboration with EMRIC 16

General collaboration Good collaboration between Eupen (German speaking community in BE) and Aachen (DE) for EMS 16

General collaboration Considerably less collaboration between the hospitals in Maastricht and Eupen, but still works well 16

General collaboration Positive cross-border collaboration between hospitals: on operational level in the ICU etc. very good and easy collaboration 2
but on organizational level very complicated and difficult

Processes Processes between South Limburg (NL) and Germany are improving more and more; advanced notification of German EMS 10
to Dutch hospitals works well

Best practice exchange Monitoring and exchange about national COVID-19 measures was helpful to learn from each other and allowed for 18

aligning/adapting hygienic measures, such as wearing masks (especially in the beginning of the pandemic)

processes of cross-border collaboration in the EMR are
summarized in Table 3.

Additionally, the following challenges and lessons learned
from the first three waves of the pandemic were described by the
experts and should be addressed in the future.

Challenges in General Collaboration

The region still lacks an exchange of best practices and experts
highlighted the importance of finding synergies between the
different systems. Very significant differences continue to exist
between the three healthcare systems. However, the different
systems could learn more from each other, especially as they are
within such close geographical proximity of one another (ID 1, 2,
6,22).

“[...] So from my point of view there is enormous potential for cross-
border collaboration, yes, or... also hospital organization, triage
system or emergency room in Maastricht, and also in Heerlen, |[...],
well I have never experienced that when I was there,[that] there was
chaos. In Germany, however, there is regular chaos, that is what is
going wrong with us, or differently, [...]” (ID 2).

As one specific example, the exemplary management of
methicillin-resistant Staphylococcus aureus (MRSA) infections
in NL can be named. This, however, poses a challenge in
the case of IHT (except for ICU patients) where a patient
is brought to a Dutch hospital (be it from DE or BE)
because a lot of administrative steps are involved. Patients
will be isolated in the emergency department at the beginning
of their hospital stay posing a barrier for cross-border
care (ID 21).

Regular cross-border meetings stopped during the pandemic
because countries mostly focused on their own systems (ID 5, 21);
therefore, it was also assumed that if the neighboring country
needed support, they would have requested it (ID 5). Every
region focused on its own situation instead of keeping up regular
exchanges across the border and learning from each other (ID 5).

“This regular exchange has fallen asleep. [...] So ‘a great idea, we
didn’t even have it yet’, or a cool idea, we'd like to implement that
too’. That has not happened in this context because we were all very
busy at first [...] and then we say yes, as long as I don’t hear anything
from the other [...], they are probably still fine [...] To continue [the]
existing structures and to continue the exchange and just not have
such a cut [...] Well, I think nothing went worse [by not having] this
contact, but it might have gone better if we would have had contact”
(ID 5).

The next step for the EMR should be to address how the three
countries can support each other’s public health system:

I think we need to improve our treaties. [...] when it comes to
the Euregion [...] for what we are going to do in these kinds of
situations. So weve arranged our emergency medical service well,
but that’s assuming it’s about individual patients, and small groups
of patients [...]. [... ] Not in such an overwhelming pandemic really,
where the entire public health system is compromised. And the next
phase that we need to do is make plans together - with each other, I
mean in this region — how we can support the structure of public
health of each other, without compromising the functioning. [...]
[...] how can we [...] all make sure within Europe that we can
manage that, without having to undermine our normal structure”
(ID 20).

Currently, this expert does not see a solution for this in short term
but sees the need for a European healthcare system in the future
(ID 20). At the European level, the allocation of patients should
be improved by centralization of expertise where patient groups
with low numbers but high variability can be treated (ID 20).
However, various barriers were identified to limit the potential
of cross-border care, especially in Belgium (ID 19), such as
cross-border collaboration within national policy-making:

“[...] Look, national thinking is just a hindrance, isn’t it? If you
just see how Maastricht, how close that is to us if you would start
working together with it and open and involve things, but, yes... I
think thats a utopia. [...] We have to focus on the governments
after all [... ] so that [initiative] has to come from above” (ID 19).
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TABLE 4 | Examples of lessons learned and recommendations for general collaboration (based on encountered challenges before and during the first three COVID-19

waves).
Area Lessons learnt Recommendations Participants (ID)
General Recommendation Best practice exchange and synergies between systems 1,2,6,22
collaboration Recommendation  Keeping up regular exchange and learning from each other 5, 21
Recommendation  Supporting each other’s public health system: no solution yet but believe in a European healthcare system and 20
allocation of patients at European level
Recommendation  Inclusion of cross-border care in national policy making 19
Lesson learnt Complex administrative steps in case of IHT from BE/DE to NL (because of MRSA measures) 21

Lesson learnt

Lack of expert cross-border knowledge and related impacts of the pandemic

10, 11,16, 21, 22

Lesson learnt Time and resources are lacking to sustain collaboration in general 8

Lesson learnt Uncertainty regarding contact points results in less collaboration between DE and BE compared to DE and NL 1

Lesson learnt NL and DE collaborate more because of geographical reasons 9

Lesson learnt Collaboration with BE is generally less and stopped mostly during pandemic 3,8, 21

Recommendation Regular cross-border meetings between operational staff (not just at political level) 7

Recommendation  Language course in medical Dutch for German dispatchers 7

Lesson learnt Crisis management teams did not discuss cross-border patient care, IHT nor capacities but focused on 6
citizen-related impacts (incl. border closing)

Lesson learnt No patients from Belgium were transported to Aachen (DE) anymore as the pandemic progressed

Recommendation  Knowledge about the other systems, staff education, and competences and increase information about legal 15
coverage of operating in other countries

Lesson learnt Cross-border transports involving detained psychiatric patients are not working smoothly 1

One specific example where differences in legislation led to
operational problems during EMS missions is the transport of a
detained psychiatric patient based on a psychiatric medical report
for compulsory hospitalization since it is not as straightforward
when bringing the patient across the border (ID 1).

“[...] the transfer of a detained psychiatric patient across the border.
There I have the opinion, that that transport can be carried out [and
Sfinished] according to the state law, where the transport started. The
Dutch think [that] we have to meet at the border crossing point.
[...] thats the only thing I know where it doesn’t work smoothly”
(ID 1).

Some experts had little knowledge about cross-border
collaboration and were not aware of the impacts and
consequences of the pandemic on the collaboration (for
example Euregional meetings, information exchange, and
consideration at the national level) (ID 10, 11, 15, 16, 18, 21,
22). Some experts were also not aware of any cross-border
agreements before and during the pandemic (ID 10, 13, 16, 22)
[e.g., reimbursement (ID 17)]. A summary of the findings is
gathered in Table 4.

Agreements

While a cross-border agreement on emergency medicine between
NL and BE has existed for over 10 years (ID 13), an overall
cross-border agreement between Belgium and Germany at the
national level including the health insurance companies is
missing. Consequently, the exact details of emergency coverage
remain unclear (ID 2, 16, 17, 19, 20). One BE expert explains
that administrative processes must be checked case by case after,
for example, an emergency transportation (ID 20). An agreement

between BE and Rheinland-Pfalz (another state in DE) does exist,
but negotiations over an agreement between BE and NRW have
been ongoing since 2010 (ID 13, 17). Generally, the Belgian EMS
system prefers the treatment of patients in Belgian hospitals over
other hospitals in the EMR (in DE and NL). Between BE and
DE, there is currently no standardized way of communication to
handle cross-border emergency transports nor planned IHT (ID
2, 17, 19), partly because it does not seem too relevant for the
daily work of EMS in the region (ID 2, 19).

One expert reported that even though certain agreements
exist, rumors still emerged in the past that cross-border care
had to be paid for by the patient, which is incorrect (ID 19).
The expert also saw unclear billing issues as a major challenge
as well as uncertainties around the topics of working processes,
education of staff, patient transportation, and responsibilities of
physicians for patient care (ID 19). The expert further stated
that generally, mostly informal agreements and processes exist
but hesitancy remains as to whether all the information is
available to the expert (ID 19). Information exchange regarding
the agreements and processes could be significantly improved
(ID 19).

Another expert perceived the existing Euregional agreements
as non-applicable during the pandemic and suggests improving
those (ID 21). A summary of the findings is gathered
in Table 5.

Process Changes During the Pandemic

Although cross-border collaboration worked well during the
pandemic, emergency and disaster management plans including
cross-border care should be developed and agreed upon before
such a situation becomes urgent (ID 14, 17):
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TABLE 5 | Examples of lessons learned and recommendations concerning formal Euregional agreements (based on encountered challenges before and during the first

three COVID-19 waves).

Area Lessons learnt Recommendations Participants (ID)
Formal Euregional Recommendation  Harmonization of legislation in the EMR, starting with harmonizing operational processes in BE 17
agreements Lesson learnt Existing agreement between NL and BE 2,16, 19, 20
Lesson learnt Agreement lacking between DE and BE: uncertainty with health insurance coverage and financial 2,16, 19, 20; 20
aspects; Case-by-case assessment required
Lesson learnt Treatment at national level is preferred over cross-border care by BE (EMS and IHT) 2,19
Lesson learnt BE and DE lack standardized communication processes for cross border EMS and IHT missions; partly 2,19
based on lack of relevance in their daily work
Lesson learnt Lack of awareness of agreements 10, 13, 16, 22
Lesson learnt Lack of awareness also leads to (untrue) rumors 19
Lesson learnt Unclear billing and working processes, staff education, patient transportation, CO2 standards of vehicles 3, 14,19
and responsibilities related to cross-border patient care (especially for BE)
Lesson learnt Informal agreements in general exist but uncertainty on level of available information 19
Recommendation  Information exchange could be improved; the care and quality for that exists (for example via an 17,19

international or European platform)

“In terms of collaboration [...] If I sum up, it went very well,
honestly, everyone showed a lot of goodwill for me, [but] it should
be written in advance in texts and not when it’s the moment to say
to each other, but what do we do now?” (ID 14).

In addition, these plans should be tested in large-scale
simulations including cross-border collaboration in such
pandemic situations (ID 17).

Further, agreements and regulations on cooperation should
ideally be the same between all countries (DE-NL, NL-BE, BE-
DE) (ID 15).

Material and/or equipment was shared scarcely between
different countries in the pandemic because:

“Every country in Europe has had shortages. [...] Every country has
reacted very paternalistically. For example, the large stock of masks
[...] Germany and both France [...] banned the export of masks,
which has put other countries in trouble. And nobody was prepared,
had such a big stock around” (ID 20).

Support was not provided to other European countries that were
struggling from capacity bottlenecks at certain moments in time,
while resources and beds in the EMR were still available (ID 22).

“That European solidarity has had practically no role” (ID 22).

A summary of the findings is gathered in Table 6.

Knowledge About Availability of Cross-Border
Resources

National bed capacity tools could be improved by including
live/current bed capacity (including those of ICUs and special
hospital departments) from across the borders as well (ID 1, 2, 7,
8,17, 21) because resources in the EMR are not adequately used
at the moment (ID 1, 8). These systems should be compatible
with each other and allow information exchange to improve
collaboration (ID 21). One central coordination point for IHT
could be implemented (ID 2).

Regarding the availability of resources and specialized
treatments/departments, it seems difficult to know for the
German EMS workers which hospital in NL can offer which
treatment at which time (e.g., cardiac catheter examination), as
the patient intake rotates between hospitals in the NL region
(ID 1). A summary of findings is gathered in Table 7.

Communication Between Dispatch Centers
Concerning the communication between the dispatch centers
in general, certain multi-language documents from the
EMRIC partnership exist, which allow resource requests
from neighboring dispatch centers. One expert considered the
documents as not user-friendly and too time-consuming. Most
dispatchers just directly call the other dispatch centers to ask for
help (ID 7).

After requesting an ambulance from The Netherlands, the
German dispatch center does not get any updates on the status of
the mission until the dispatch center in Maastricht informs them
where the patient has been transported to. This is very delayed
and insufficient information exchange (ID 7). Consequently, the
German dispatch center cannot answer the questions of second
callers on the status of an alerted ambulance (e.g., the estimated
time of arrival or the global positioning system (GPS) location)
(ID 7). A summary of the findings is gathered in Table 8.

Technical Issues/Interoperability

A digital information screen exists at the dispatch center
Heinsberg (DE), where cross-border information (e.g., on large
fire incidents) appears for every dispatcher to see; but there is
no connection between this screen and the German dispatching
software, thus the information needs to be typed into their system
manually (ID 7).

Connecting the dispatch systems in the EMR could improve
the visibility of vehicles’ locations once dispatched and could
allow for translation opportunities, as some terms can be difficult
and may lead to confusion (ID 7).
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TABLE 6 | Examples of lessons learned and recommendations about process changes (based on encountered challenges during the first three COVID-19 waves).

Area Lessons learnt Recommendations Participants (ID)
Process Lesson learnt National IHT processes in South Limburg (NL) interfered with regular cross-border agreements (for ex. choosing 10
changes the closest hospital)

Recommendation  Definition of explicit criteria to transport 12

Lesson learnt Little exchange of material or equipment in Europe; Lack of European solidarity (some areas were more affected 20

than others)
Lesson learnt Procedures and standards for IHT in pandemic situations 13
Recommendation  The EU could impose standardized crisis management for EU countries 13

TABLE 7 | Examples of lessons learned and recommendations on the availability of cross-border resources (based on encountered challenges before and during the first

three COVID-19 waves).

Area Lessons learnt

Recommendations Participants (ID)

Availability of cross-border Recommendation High need for transparency: Implementing live bed capacity numbers in national bed capacity tools,

1,2,8,12,13, 21

resources including the ICU and across borders (online cross-border data registration system)
Recommendation Real-time data gathering in the coordination centers LCPS 12
Lesson learnt Inadequacy of resource usage in EMR 1,8
Recommendation Improving compatibility among national registration systems and information exchange 21
Recommendation Implementing a central IHT coordination point 2,13
Recommendation Improving transparency for German EMS workers regarding the treatments at certain Dutch hospitals 1
Recommendation Improving information exchange regarding available cross-border resources (special resources; GPS 7

locations)

TABLE 8 | Examples of lessons learned and recommendations concerning communication and requests for help between dispatch centers (based on encountered

challenges before and during the first three COVID-19 waves).

Area Lessons learnt

Recommendations Participants (ID)

Communication and request Lesson learnt
for help between dispatch

centers

Lesson learnt

Cross-border request of resources possible via multi-lingual EMRIC documents; documents are 7
time-consuming and complex therefore dispatchers prefer direct communication (DE, NL, BE)

Delayed and ineffective information exchange after request for help from NL was issued by DE; 7

DE cannot update secondary callers on ambulance status (incl. time of arrival)

One expert explains a technical issue which caused a delay
in alerting the emergency physician on German ground by a
German ambulance team close to the Dutch border (ID 6).
This emphasizes the importance of securing a mobile phone
connection with the team’s own dispatch center (ID 6).

“But then the problem came to light that they did not have a good
connection to the dispatch center via the work cell phone and the
colleague then had to call with the private cell phone afterward
because [the call] always ended up in The Netherlands. That must
no longer be the case today. This is a technical problem, I think,
that can be solved. [...] That you can really reach [... ] the dispatch
center that guides you and sends you in with support. And if you
have a Dutch person on your ear in such a situation, who may speak
German or English but then you have a resuscitation, [...]. That’s
stupid then. [...] but that can of course also be optimized by properly
setting the cell phones that we have on the vehicles and routing them
correctly. [...]” (ID 6).

This was also explained by another expert, as the radio
signal does not remain intact near the Dutch border (ID
7). In addition, communication between the dispatch

center in Maastricht and the German helicopter remains
difficult (ID 8). Even though a working group was set
up for cross-border radio communication in the EMR,
this is still an important and problematic issue for two
experts (ID 7, 14). A summary of the findings is gathered
in Table 9.

DISCUSSION

The aim of this study was to demonstrate the impacts of and
the lessons learned from the first three COVID-19 waves on the
cross-border collaboration in EMS and IHT in the EMR. The
interviewed experts were from various backgrounds, including
those working at the political and crisis management level,
medical directors (EMS), dispatch center managers, physicians,
and dispatch center staff, firefighters, and EMS practitioners.
The majority of those interviewed essentially agreed that cross-
border collaboration in the EMR is indispensable. The present
study highlights that the logistical challenges and disruptions
widely experienced due to the ongoing pandemic call for
improved and more robust collaboration across borders. While
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TABLE 9 | Examples of lessons learned and recommendations for technical issues and interoperability (based on encountered challenges before and during the first three

COVID-19 waves).

Area Lessons learnt

Recommendations

Participants (ID)

Technical Lesson learnt
issues/Interoperability
into the German dispatch system

Recommendation

Dispatch center Heinsberg: Major cross-border incidences are presented on a large information screen 7
but the information is not directly connected to the dispatch system and can only be entered manually

Dispatch systems in the EMR should be connected to improve visibility and communication (incl. 7

resource locations and status, automatic translator)

Lesson learnt Radio and telephone compatibility is crucial but currently largely lacking [incl. (cellphone) service 3,6,7, 14
problems in border regions] (between foreign EMS and dispatch centers)
Lesson learnt Radio communication between NL and the German helicopter remains difficult; A Dutch radio is currently 3,8

built into the helicopter to solve communication issues

the capabilities that lie within the EMR have been highlighted
before (9, 10, 36), the impacts of the pandemic make these
even more apparent. A huge potential lies in exchanging best
practices, organizing collaborative exercises, working together,
and supporting each other with resources when needed (7).
Still, this study reveals that, generally, prior to and during the
pandemic, several issues and problems remain which hinder
or handicap cross-border collaboration. This has also been
identified by the Interreg-funded project PANDEMRIC, which
analyses the cross-border cooperation within the EMR and
presented the first results in two symposia in 2021 (37).
While a common cross-border or even European approach in
handling EMS and IHT missions or even general healthcare
is sought, it does bring up challenges at the national policy-
making level (3, 38). Fragmentation in the countries’ national
approaches to tackling the pandemic became clear and hindered
the cross-border collaboration in the EMR to the extent of
a temporary near-standstill. This was a result of the national
measures and processes causing uncertainty and hindering
widely established habits with the onset of the pandemic. In
addition, this study identified several recommendations and
lessons learned regarding the general collaboration, formal
Euregional agreements, process changes, availability of cross-
border resources, communication between dispatch centers,
and the interoperability of technical systems. Knowledge
regarding already existing official cross-border agreements could
be improved at a larger scale while working toward even
more legalized standardized cross-border procedures (3, 9,
36, 38). With the experience of the COVID-19 crisis, a new
fresh look at the relevance and importance of EU Cross-
Border Mechanisms as suggested during the EU presidency
of Luxembourg in 2015 might reveal a better understanding
of the need for a comprehensive and targeted set of tools
that provide a sound legal basis for deviating from conflicting
national regulations in the interest of necessary cross-border
arrangements (39).

At a national level, cross-border concerns were not often
considered in COVID-19 related policymaking and the
implementation of national measures. Experts also reported
that regional crisis management teams did not discuss the
topic in depth. However, data on COVID-19 cases and bed
capacity was exchanged during the course of the pandemic in

the EMR. While two of the main characteristics of EMR are
accessibility and easy transfer (10), the fragmentation among
national measures such as border closures did not only cause
national borders to become more visible again but also brought
up uncertainty regarding operational processes. Other studies
have also identified the fragmentation in the EU regarding
nationally implemented COVID-19 measures (4, 5, 9). Previous
studies highlighted the need for better European structures and
a better delegation of tasks (3-5, 38, 40). The purchase and
distribution of certain equipment call for joint procurement
and standardized processes (4, 5, 40). This becomes especially
apparent in the studied cross-border region, where countries
often face similar obstacles or could help each other even
better if standardized structures or agreements were in place
and considered nationally (3). While a recent report by the
project euPrevent COVID-19 states that national measures
were regularly communicated across the border via one main
contact point (6), this information seemed to have lacked at the
operational level. Thus, a clear distinction must be made here
between political decision-making and information reaching the
operational workers.

Almost all challenges in this study can be attributed to the
lack of standardized cross-border information exchange among
the relevant stakeholders. Certain measures implemented by the
EMRIC partnership have facilitated information exchange to
some extent. In the EMR, additionally, a Euregional dashboard
has been created showing specific COVID-19 data in the
region (41). At the operational level and especially from the
perspective of the dispatch centers, the implementation of
real-time data exchange (on EMS and hospitals resources)
and interoperable systems across the border would be a
major improvement to request and offer help. Other EMS
literature highlights the importance of continuous data
collection and exchange between stakeholders involved at
an operational level (3, 9). The main issues related to this
concern the allocation of resources, lack of and dispatch of
resources, as well as demand forecasting and the scheduling
of THT (2). In cross-border missions, these factors are even
further highlighted. This study demonstrates that once
a foreign resource has crossed the border, information
exchange often completely stops, causing communication
and demand-planning issues. Thus, systems and processes
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related to information exchange at the operational level need to
be harmonized.

The well-established collaboration supported by the EMRIC
group helped to facilitate structured and regular communication,
also during the pandemic, which has also been identified
in previous findings (6, 9). However, overall, the crisis
also highlighted the limitations of the collaboration that is
mainly based on mutual understanding and is missing any
robust legal foundation or clear political mandate. The trust
and mutual understanding developed during the long-term
collaboration in this border region helped to find informal
solutions and alternative practices to decisions on a national
level that interfered with the established cross-border operational
processes in order to maintain a level of continuity even during
the crisis. But the COVID-19 “stress-test” of existing cross-border
collaboration clearly shows the need for new more formal and
legally binding arrangements to improve the resilience of public
safety in the EMR in crises. Further, our study revealed major
differences in the views of experts at the managerial/political
level and those at the operational level, especially regarding the
feasibility of measures implemented before and during the crisis.
This also indicates some weaknesses in the governance structure
of the cross-border collaboration on public safety in the region.
The perceived detachment of leadership from operations can also
be attributed to the informality of the governance structure and
the absence of formal procedures and processes that guarantee
transparency and participation.

Throughout the management of hospitalizations and ICU
patients, cross-border collaboration remained intact at the
beginning of the pandemic. Early findings support this, as various
patients have been transported to other EU countries in the
early phases of the pandemic (42). Learning from each other’s
experiences across the border has been identified as helpful in
adapting national decision-making. Belgium for ex., conducted
a study to learn from other EU countries by investigating
surge capacity strategies in a selected number of countries,
including Germany and The Netherlands (43). However, once
national organizational structures were implemented to manage
the ITHT of patients with COVID-19, they overruled cross-
border habits for patient transfers within the EMR, causing
a clear gap between political decision-making and operational
practicality. Thus, benefits such as the proximity of facilities were
neglected during crucial decision-making processes. The need
for a supra-regional/international system for patient allocation
during COVID-19 based on shortages of ICU beds and other
resources has been highlighted in previous findings (9, 40, 44)
and underlines this identified issue in this study. Another study
highlights the need for common infrastructures to monitor
cross-border resources in the EU. The authors state that the
transfer of patients across national borders was the first step
toward improved allocation and solidarity (40). However, a
high variety of available infrastructures to report hospital
capacity was identified, especially across the EU. Some systems
allow for real-time data collection and others did not have
appropriate data infrastructures to allow the daily recording of
numbers (9, 40).

RECOMMENDATIONS

Generally, the following recommendations can be made for
cross-border collaboration in EMS and IHT in the EMR:

e The cooperation would benefit from and be further
strengthened by formal and legally binding Euregional
agreements on operational processes to organize cross-border
collaboration in EMS and IHT.

e Knowledge about official Euregional agreements and
operational processes needs to be prioritized at the policy and
operational level and governance structures need to improve
participation and transparency.

e Considering and facilitating respective  cross-border
collaboration at the national policy-making level is essential
to enhance cooperation among the neighboring countries.

e Establishing information exchange and technical system
compatibility at the Euregional level to facilitate cross-border
collaboration among the involved actors.

e Involving representatives of neighboring services in regional
crisis management discussions to encourage information
exchange and adaption of processes and enhance cooperation
among the three countries.

e Identification and application of best practices and synergies at
the Euregional level to encourage cross-border collaboration
among the involved actors.

LIMITATIONS

The study and its results have several limitations: Establishing
contacts to experts was extremely difficult during the pandemic
as all experts and potential interviewees were involved and
responsible as front-line staff of the EMS services and hospitals
prioritizing their medical and managerial duties. Therefore, the
number of respondents is not as comprehensive as desired
and originally intended. In addition, due to the busy schedule
of the respondents, it turned out to be not feasible to have
complete coverage for each of the different relevant stakeholder
categories (medical director EMS, hospital/emergency physician,
political level/crisis management team, ambulance/firefighting
service, dispatch center) in each region. Due to the pandemic
situation, the interviews were performed online (or by telephone
if technical difficulties occurred).

The abovementioned challenges may limit the generalization
of our findings. Further, the study only includes the results of the
first three waves of the COVID-19 pandemic.

CONCLUSION

As emergency situations or public health threats do not stop
at borders, the cross-border collaboration of regional public
safety services is highly important and in many European cross-
border regions embedded in the European identity of the regional
population. Falling back on stringent national reorganization
and policy decision-making when trying to manage major crises
like the pandemic should not disenable or hamper cross-border

Frontiers in Public Health | www.frontiersin.org

March 2022 | Volume 10 | Article 841013


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Sommer et al.

COVID-19 and Cross-Border Prehospital Care

collaboration. The resilience of public safety in cross-border
regions depends on sound and reliable regulations and legal
tools that allow for the necessary cross-border support. To
be effective, it is imperative that healthcare professionals at
all levels (from operational up to political) are well-informed
about cross-border resources and competencies to strengthen
the cooperation among the EU Member States. Governance
structures and decision-making for cross-border collaboration
need to be based on robust legal instruments and the principles
of transparency and participation. Identifying which ambulance
could be fastest at the emergency scene or which suitable hospital
is closest for a patient needing immediate care independent of
national borders and organizational differences is an achievement
of European collaboration. This pandemic clearly calls for
the improvement of instruments and the political will and
understanding to further strengthen cross-border collaboration
and make the best use of scarce resources based on solidarity and
mutual understanding.
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Results: Among the occupations, there were significant differences in the willingness to
work onsite based on the types of disaster, familiarity with the national disaster medical
response system, the accuracy rate of some knowledge about medical practice and
the risk, and demographic characteristics such as practical experience and educational
degree. The accuracy rates of responses to some questions on knowledge were very
low in all occupations.

Conclusion: There were significant differences in awareness and knowledge of
radiological and nuclear events by occupation. We believe that the results can be used
to develop and modify the content of training courses on radiological and nuclear events
to make such courses beneficial for each healthcare worker.

Keywords: radiological, nuclear, training, education, preparedness, occupation

INTRODUCTION

Although radiological and nuclear events are rare, preparedness for such events is necessary
because they can cause serious damage. Physical and mental health issues have been long-term
problems in the aftermath of nuclear accidents in Fukushima and Chernobyl (1-3). Moreover, the
Fukushima nuclear disaster caused severe damage to the economy, as industrial shipments from
Fukushima fell to 85% in 2011 (1). It also gave rise to social problems such as discordance in families
and communities (1). Therefore, in recent years, many countries have put in place preparedness
for chemical, biological, radiological, nuclear, and explosive (CBRNE) disasters. Such preparedness
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includes the construction of a network of biological dosimetry
(4), investigation of the equipment or systems required for
CBRNE disasters at hospitals and emergency medical services (5-
7), and assessment of education and training for CBRNE disaster
response (8-10). The recent coronavirus disease 2019 (COVID-
19) pandemic also has the characteristics of a mass casualty, and
intensive care unit (ICU) preparedness to adequately address it
became an urgent global concern. Therefore, several guidelines
for planning and roadmaps that enable ICU preparedness have
been established (11-15). The COVID-19 pandemic was too
intense to manage, and most healthcare providers realized
the importance of preparedness. Efficient educational methods
relevant to CBRNE disasters are needed.

Japan has experienced some major radiological and nuclear
events, such as the Fukushima No. 1 nuclear power plant accident
and the nuclear bomb detonations in Hiroshima and Nagasaki
(16). Japanese people are aware of the dangers of radiological
and nuclear events because there are 60 nuclear plants across the
nation, and 8 of these were in operation as of December 2021
(17), despite this country being seismically active. Japanese also
have anxiety about radiological and nuclear events based on the
Fukushima nuclear power plant accident experience and their
knowledge of the history of nuclear bombings.

Dallas et al. (18) conducted a questionnaire survey to
compare American and Japanese medical personnel’s willingness
to respond to, their familiarity with, and their relevant knowledge
of, radiological and contamination risks; they found that most
responders were still very uncomfortable with radiological and
nuclear events. The survey targeted people who participated
in various medical and disaster conferences and courses in
the USA and Japan. Compared to US respondents, Japanese
respondents were less likely to be willing to work in a dirty
bomb scenario (—27%) or treat casualties at their hospital
(—5.3%), respectively. Concurrently, they indicated that Japanese
respondents had insufficient knowledge about these events, such
as knowledge about personal protective equipment (PPE) or
internal radioactive contamination.

In Japan, the disaster medical assistance team (DMAT),
which consists of doctors, nurses, and logistics personnel, is a
nationwide medical system that is activated when large-scale
disasters occur. Although there are other disaster response
systems that consist of registered members, DMAT contains
the largest number of registrants. The DMAT training course
was modified following the Great East Japan Earthquake (19);
however, it does not contain educational content for CBRNE
disasters. This is because activities that need to be performed
during CBRNE disasters are distinctive and accompanied by
significant hazards for general healthcare workers. Therefore, it
would be effective to separate the training program for CBRNE
disasters from the normal disaster training course and to target
medical staff who are knowledgeable about the medical team’s
activities during normal large-scale disasters (20). Based on

Abbreviations: CBRNE, Chemical, Biological, Radiological, Nuclear, and
Explosive; COVID-19, Coronavirus disease 2019; DMAT, Disaster medical
assistance team; ICU, Intensive care unit; IRB, Institutional Review Board; PPE,
Personal protective equipment.

the different occupations, the DMAT training course includes
separate programs for doctors, nurses, and logistics personnel
because of differences by occupation in roles at disaster sites and
the educational basis (19). There might also be some differences
in the level of awareness or knowledge of CBRNE disasters by
different occupations.

Therefore, we conducted a survey of the Japan DMAT training
course trainees using the same anonymous questionnaire that
Dallas et al. (18).

This survey aimed to determine the level of awareness and
knowledge of radiological and nuclear events of medical staff
with interest in disaster medicine who were able to be the
main member to work in such disasters in Japan. We also
aimed to investigate the differences between doctors, nurses,
and other specialists. Moreover, we also investigated suggestions
for improvement of advanced CBRNE disaster education and
training courses, considering the different backgrounds of the
medical workers.

MATERIALS AND METHODS

We conducted a cross-sectional questionnaire survey. In this
survey, paper questionnaires were distributed to trainees who
participated in the Japan DMAT training course in Tokyo
(between July 2014 and February 2016) and Hyogo (between
September 2014 and February 2016). The trainees were hospital
medical staff who intended to work at disaster sites during large-
scale disasters. Doctors and nurses with any specialty could
participate in this course. Logistics personnel included hospital
clerks, pharmacists, radiologists, and other medical professional
technologists. The questionnaires were distributed during the
course and collected until the end of each course.

The questionnaire, which was the same Japanese version
used in the previous survey (18), contained 22 questions
divided into four sections: 1) willingness to manage exposed
casualties, 2) familiarity—local and country disaster system, 3)
familiarity—radiological and nuclear contamination risks, and
4) demographic and practice description. Five questions were
about willingness to work during CBRNE disasters or familiarity
with such disasters, six were to verify respondents” knowledge
about radiological and nuclear contamination, and 11 were about
respondents’ background and demographic characteristics. The
English version of this questionnaire is shown in the previous
article (18) and the Supplementary Material.

The Japan DMAT secretariat implemented the distribution
and collection of the questionnaires. The data obtained from
the questionnaires were analyzed at the Department of Acute
Critical Care and Disaster Medicine, Tokyo Medical and
Dental University.

To evaluate the differences by occupation, the Kruskal-Wallis
test was used for continuous variables and the chi-square test
for categorical variables. If there were significant differences on
univariate analysis, binary logistic regression analysis adjusted
for year of birth, sex, and radiation/nuclear experience was
conducted for the question items. A P < 0.05 was considered
statistically significant. All analyses were performed using IBM
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SPSS Statistics for Windows, version 25 (IBM Corp., Armonk,
N.Y., USA).

The survey was approved by the Institutional Review Board
(IRB) of the University of Texas Southwestern Medical Center,
which reported the previous survey (18). The IRB determined on
November 18, 2013, that this survey was exempt in accordance
with 45 CER 46.101(b) (IRB number: STU 082013-073).

RESULTS

During the survey period, 1,620 questionnaires were distributed
during the Japan DMAT training courses. We obtained responses
from 904 respondents (55.8%). Since we excluded respondents
whose type of occupation (doctor, nurse, or logistics) data
were missing, 774 responses (47.8%) were finally analyzed.
Regarding occupation, 342 (44.2%), 284 (36.7%), and 148
(19.1%) of respondents were doctors, nurses, and logistics
personnel, respectively.

Demographic and background data are shown in Table 1.
Significant differences were observed among occupations in
terms of year of birth (p < 0.05) and practical experience of
disasters or public health emergencies; the doctors were the most
experienced (p < 0.01), and the nurses were the least experienced

(p < 0.05). There were significantly fewer male nurses (p <
0.01), and nurses were the least affiliated with a disaster medical
response team (p < 0.01). Doctors were most likely doctorate
holders (p < 0.01). Logistics personnel who participated in the
Japan DMAT training courses rarely belonged to a university (p
< 0.01), but they tended to complete multiple disaster training
courses (p < 0.05). No significant differences were found in other
background data by occupations. The rate of respondents who
had experience in the radiation/nuclear science field was 16.8%
(doctor 16.7%, nurse 15.8%, and logistics 18.9%).

The most important disaster type that may prevent medical
staff from coming to work was nuclear bomb detonation for all
occupations (Figure 1). The percentage of nurses who consider
biological disasters the most important event preventing them
from going to work was lower than those of other occupations
(p < 0.01). Logistics personnel tended to consider that the
nuclear power plant accident was not so important to prevent
them from coming to work (p < 0.05). The most important
condition for medical staff to be willing to come to work after
a nuclear detonation was their family’s safety, except for nurses
(p < 0.01; Figure 2). Some respondents never intended to work
after a nuclear detonation, and the rate of unwillingness was
the highest among nurses (p < 0.05). However, the significant

TABLE 1 | Respondents’ demographic and background data.

Occupation

Doctor (n = 342) Nurse (n = 284) Logistics (n = 148)

Year of birth, median (IQR)

Sex, n (%) Male

Country of medical practice, n (%) Japan

Highest educational degree, n (%) Undergraduate
Graduate
Doctorate

No response
Type of medical practice, n (%) Clinic
Hospital
University
Other
No response
Experience of radiation/nuclear science field, n (%) Yes

Field of specialty, n (%)

Affiliation with some type of disaster response team, n (%) Yes
Experience of responding to a disaster or emergency, n (%) Yes
Number of training courses completed, n (%) 0

1

2-4

5 or more

No response

1977 (1970, 1982) 1980 (1975, 1984) 1982 (1977, 1986)

283 (84.9) 129 (45.7) 135(91.2)
342 (100.0) 284 (100.0) 148 (100.0)
6(1.8) 8(2.8) 3(2.0)
159 (46.5) 120 (42.3) 113 (76.4)
135 (39.5) 10 (3.5) 11(7.4)
42 (12.3) 146 (51.4) 21 (14.2)
1(0.3) 0(0.0) 0(0.0)
267 (78.1) 227 (79.9) 126 (85.1)
70 (20.5) 55 (19.4) 5(10.1)

3(0.9 1(0.4) 3(2.0)
1(0.3) 1(0.4) 42.7)
57 (16.7) 45 (15.8) 28 (18.9)
Emergency 130 (38.0) Clerk 27 (18.2)

Surgical 126 (36.8)
Internal 43 (12.6) NA
Radiology 5 (1.5)
Other 38 (11.1)

Radiologist 22 (14.9)
Other technologists 74 (50.0)
Unknown 25 (16.9)

218 (63.7) 149 (52.5) 95 (64.2)

76 (22.2) 39 (13.7) 24 (16.2)

302 (88.3) 258 (90.8) 138(93.2)
30 (8.8) 17 (6.0) 8(5.4)
7(2.0) 7 (2.5) 1(6.8)
0(0.0) 0(0.0) 1(6.8)
3(0.9) 2(0.7) 0(0.0)

IQR, interquartile range; NA, not applicable.
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differences observed in univariate analysis were diminished on
binary logistic regression analysis. All occupations preferred
to work at the hospital they belonged to rather than at the
disaster site under the possibility of radio-nuclear contamination
(Supplementary Figure 2).

The results of familiarity with the disaster medical response
team are shown in Figure 3. There were significant differences
among the occupations regarding familiarity, and nurses were

less familiar with the disaster response team than other
occupations (p < 0.01) per univariate analysis. After binary
logistic regression analysis, sex was the only influencing factor on
familiarity (p = 0.002, OR 1.796 [1.244-2.593]).

The highest accuracy rate about the respondents’ knowledge
was obtained on the disaster team present in Japan for all
occupations, from 79.2, 83.0, and 86.5% among nurses, logistics
personnel, and doctors, respectively (Figure4; Question 7).
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About half of all respondents provided accurate responses
about decontamination procedures needed for patients with
trauma emergencies or burn injuries under the situation of
a nuclear detonation (Question 12). However, the accuracy
rates for the other questions were extremely low. There were
significant differences in accuracy rate among occupations
when the respondents were required to select the highest
priority patient who needed treatment (Question 5; p <
0.01), and about the number of healthcare providers who
were put at risk by treating patients contaminated with
radiological material in all radio-nuclear events since World
War II (Question 10; p < 0.01) per univariate analysis.
Doctors as occupation tended to influence the accuracy rate
for Question 5 (p = 0.062, OR 2.280 [0.959-2.725]) and
nurses as occupation influenced the accuracy rate for Question
10 (p = 0.007 OR 0.092 [0.016-0.529]) on binary logistic
regression analysis. The accuracy rates of responses on proper
PPE (Question 13) and internal exposure (Question 14)
were very low, but no significant differences occurred among
occupation groups.

DISCUSSION

We conducted a questionnaire survey of participants in the Japan
DMAT training course. Our analysis revealed some differences in
respondents’ awareness and knowledge by occupation.

All occupations were unwilling to work during nuclear
bomb explosions. In situations of radiological and nuclear
events, family safety and availability of appropriate PPE were
the important conditions for respondents to attend work.
Some respondents never intended to engage in radiological
and nuclear events even if these conditions were fulfilled.
Male respondents were more familiar with the disaster medical

response team, and there were no significant differences
among occupations after adjusting for year of birth, sex, and
radiation/nuclear experience. The occupation tended to influence
the accuracy rate of some questions that required knowledge
in this study. Background of the occupations might be some
of the reasons for their accuracy of knowledge. This study
could not demonstrate relevance between the knowledge and
willingness and risk perception because few questions required
straight answers. In a cross-sectional online questionnaire
survey of nuclear medicine technologists, Van Dyke et al.
reported that attending radiological preparedness training in
the last 5 years was significantly associated with increased
willingness to respond to radiological and nuclear events (8).
Sheikh et al. conducted a cross-sectional online survey of
emergency medicine residents and their faculty; they found
that physicians who had received training were significantly
more knowledgeable and felt significantly more comfortable
in caring for victims, performing decontamination procedures,
diagnosing and managing acute radiation syndrome and internal
contamination, and using detection equipment in radiological
disasters (9). The respondents in this study comprised doctors,
nurses, and logistic personnel in various specialties, and a low
rate of them had experience in the radiation/nuclear science
field. Moreover, these respondents answered the questionnaire
during disaster medical training courses, and their awareness
and willingness of radiological and nuclear events might be
improved. It demands caution to compare the results of this study
with those of other previous studies because the backgrounds
of subjects and research methods were different. Nevertheless,
periodic training and knowledge updates are needed to increase
the willingness of medical staff to respond to radiological and
nuclear events.

There was a similar tendency of awareness for a biological
disaster such as a pandemic to a radiological and nuclear event. In
the recent COVID-19 pandemic, several survey results revealed
that approximately 61-93% of nurses were willing to participate
in the care of patients with COVID-19 (21, 22). The safety of
family and oneself, training, communication, and compensation
are the major concerns for healthcare workers to attend work
under the COVID-19 and other pandemic situations (21-24).
These tendencies are consistent with the results of our survey.

The accuracy rate for some questions about respondents’
knowledge was low in this survey. A few respondents answered
practical questions correctly, such as determining treatment
priority (Question 5), selecting proper PPE (Question 13), and
treating trauma patients with internal radioactive contamination
(Question 14). In addition, respondents rarely chose the correct
answer for the question on historical knowledge about the
number of healthcare providers who were put at risk by treating
contaminated patients in all radio-nuclear events since World
War II (Question 10). In particular, incorrect responses tended
to be over-protective and over-fearful, such as selecting a
higher level of PPE (Question 13), indicating higher perception
in treating patients with internal radioactive contamination
(Question 14), and estimating a larger number of healthcare
providers who were put at risk while engaging in radiological
and nuclear events (Question 10). There were differences
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among occupations in the accuracy rates for Questions 5 and
10, although the accuracy rate was low in all occupations.
Dallas et al. suggested that Japanese respondents (61%) were
much more likely to state that they did not know what
type of PPE was needed for radioactive contamination than
American respondents (15%) (18). Likewise, for the question
about the perception of their risk in treating patients with
internal radioactive contamination, an overwhelming majority
of Japanese respondents indicated that they did not know, and
they tended to estimate a higher risk of radioactive exposure
(18). These misconceptions might be attributed to Japanese
people’s fearfulness regarding radiological and nuclear events
based on the experiences of the Fukushima nuclear power
plant accident (1) or knowledge of the history of nuclear
bombings in Japan (16). Therefore, a training program for
such disasters is needed to provide precise knowledge and
eliminate anxiety.

Education on disasters involving radiological and nuclear
events or CBRNE disasters is a pressing issue. A previous study
by Sheikh et al. (9) indicated that respondents preferred packaged
educational materials, classroom teaching at the workplace,
drills, and case-based scenarios rather than online training and
classroom teaching at a location other than the workplace. They
also suggested that knowledge gaps in these areas could be due
to reasons such as unappealing training formats, incomplete
or limited availability of radiation-response training, or lack
of opportunity for hands-on training with radiation detectors.
Blumenthal et al. proposed a training strategy with members
of the healthcare delivery system classified into four tiers,

with tasks identified for each tier, along with the radiation-
relevant knowledge needed to perform these tasks (10). This
strategy is similar to that of the Japan DMAT training course,
which includes separate programs by occupation (doctors,
nurses, and logistics personnel) (19). It is controversial, and
more investigations are expected to determine which type of
training course is better to achieve a high educational effect.
However, the separate program for each group divided by
background or experience might elevate the motivation and
comprehension level.

Both medical and technical knowledge (toxicology, biology,
and radiology) are needed to engage CBRNE disaster events as
medical team members. Our research suggests that background
knowledge may be different between occupations. Therefore, it
is reasonable to prepare separate training programs for each
occupation, to improve the knowledge level of each.

The present survey had some limitations. First, it was a
self-report questionnaire survey. However, the questionnaire
contained questions that required the respondents to select clear
distinctive alternatives that were specific, unlike questionnaires
with responses on a Likert scale where the alternatives are based
on subjectivity, making it difficult to interpret the reasons for the
choice of responses. Second, the response rates of this survey were
55.8% (904/1,620) and 47.8% (774/1,620) for initial responders
and those included in the final analysis, respectively. Moreover,
because the paper questionnaire was distributed, it was difficult
to check blanks in answer columns for each question, and 14.4%
of respondents were lost to a missing indication of occupation.
The online survey might be more suitable for pointing out no
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answers and useful for increasing the response rate. Despite the
low response rates, the 774 respondents included in the study
constituted a sufficient number for the analysis. Third, since this
survey targeted medical staff who underwent a disaster training
course and intended to work at disaster sites, the cohort is
considered a highly motivated group for disaster medicine and
CBRNE events. Therefore, this cohort could be biased. It requires
caution to interpret the result of this study and to compare it
with previous studies because the questionnaire was distributed
during the training course, and the awareness and knowledge
were improved more than usual or that at baseline. Nevertheless,
our subjects were the main candidates who are engaged in such
disaster events, and the results of this survey are useful to modify
the curricula of the current stratified type of disaster training
course in Japan.

In conclusion, our survey revealed differences in levels of
knowledge of radiological and nuclear events by healthcare
occupation. Japanese people’s fearfulness regarding radiological
and nuclear events based on the experiences of the Fukushima
nuclear power plant accident or knowledge of the history of
nuclear bombings in Japan may explain the results of this
research. The differences might be based on the educational
background of each occupation. The results can be useful in the
development and improvement of training courses for managing
radiological and nuclear events. The development of a course that
could compensate for the lack of knowledge of each healthcare
worker would be beneficial.
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Organizational sensemaking is crucial for resource planning and crisis management since
facing complex strategic problems that exceed their capacity and ability, such as crises,
forces organizations to engage in inter-organizational collaboration, which leads to
obtaining individual and diverse perspectives to comprehend the issues and find solutions.
This online qualitative survey study examines how Norwegian Sea Rescue Society
employees perceived the concept of an organizational crisis and how they sensed their
co-workers react to it. The scope was the ongoing COVID-19 pandemic, a global event
affecting all countries and organizations and responding similarly globally. Data were
collected during the Fall of 2020. The instrument of choice was the Internal Crisis
Management and Crisis Communication survey (ICMCC). The results showed that the
overall sample strongly believed in their organization’s overall resilience level. However, a
somewhat vague understanding of roles and responsibilities in a crisis where detected,
together with some signs of informal communication, rumor spreading, misunderstanding,
frustration, and insecurity. This study contributes to the academic field of organizational
research, hence crisis management and sensemaking, and could be valuable to managers
and decision-makers across sectors. Increased knowledge about how employees react
to a crisis may help optimize internal crisis management planning and utilize robust
mitigation and response strategies.

Keywords: crisis communication, crisis management, organization, organizational psychology, sensemaking
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INTRODUCTION

On March 12, 2020, the Norwegian Institute of Public Health
(2020) reported that 621 individuals had tested positive for the
SARS-CoV-2 (COVID-19) coronavirus disease. In response, the
Norwegian Government introduced the most substantial and
intrusive control measures in Norway since World War 2.
Kindergartens, schools, and higher education institutions were
closed, cultural, sports events and organized activities were
prohibited, and health professionals who work in patient care
were forbidden to leave the country. Additionally, entry quarantine
to Norway and a ban on staying on one’s leisure property were
introduced (Norwegian Government, 2020). One vyear later,
COVID-19 has taken its toll on both societies and individuals.
The virus has also brought several unexpected variables for
organizations, which many people had not planned for or were
equipped to handle. Against this backdrop, we extend Bailey and
Breslin's (2021) argument that an organization’s ability to mitigate
and respond to major crises like the COVID-19 pandemic is
closely linked with the concept of resilience. Here, organizational
resilience relates to an organization’s capacity to learn and reflect
from past incidents, show flexibility, adapt to new situations, and
take advantage of- and utilize existing resources (Steen and Morsut,
2020). Considering that nations have always struggled with and
fought against infectious diseases, it could be assumed that the
ability to mitigate from- and respond to pandemics has continuously
increased, but as Klein (2021) pointed out, more knowledge alone
has not always shown enough. Imposed measures must also
be explained and put in the proper social perspective. The ongoing
pandemic has taught us that a crisis may affect an organization’s
external and internal life. Therefore, it is in an organization
essential to build and join together both inner and outer resilience
in crisis management. A paucity of literature reviews the dynamics
of internal crisis management (Frandsen and Johansen, 2011;
Heide and Simonsson, 2015; Adamu and Mohamad, 2019).
Organizational sensemaking is crucial for resource planning
and crisis management. Previous publications indicate that
when organizations face complex strategic problems which
exceed their capacity and ability, such as diverse crises, they
search for inter-organizational collaboration, which enables the
accumulation of staff individual and diverse perspectives, in
the hope of understanding the depth and nature of the issues
to find proper solutions (Seidl and Werle, 2018; Tan et al.,
2020). This online qualitative survey study examines how
Norwegian Sea Rescue Society employees perceived the concept
of an organizational crisis and how they sensed their co-workers
react to it. The scope was the ongoing COVID-19 pandemic,
a global event affecting all countries and organizations and
responding similarly globally. As a contribution to organizational
research, this online-survey-based case study, from a sensemaking
perspective, aimed to examine how Norwegian Sea Rescue
Society employees perceived the concept of an organizational
crisis (the COVID-19 pandemic) and how they sense their
co-workers reacted to it. Karl Weick’s theory on sensemaking
(Weick, 1995, 2010, 2012, 2015) was deemed most appropriate
as it focuses on crises and situations where organizational
sensemaking is challenged or breaks down (Johansen et al., 2012).

As the sensemaking concept, today can be described more
as a general notion than a unified term; we see the need to
narrow down the scope in this study and have chosen Maitlis
and Christianson's (2014) four recurring sensemaking themes
as the starting point for our discussion. The COVID-19 pandemic
was proven to affect all nations and organizations which
responded to its progression and impacts somewhat similarly
and globally (Khorram-Manesh et al., 2020). We thus consider
this study to have relevant transfer value across sectors. Increased
knowledge about how individuals make sense of- and react
to organizational crises would contribute to organizational
research and sensemaking. This online qualitative survey study
showed that the overall sample strongly believed in their
organization’s overall resilience level. However, a somewhat
vague understanding of roles and responsibilities in a crisis
where detected, together with some signs of informal
communication, rumor spreading, misunderstanding, frustration,
and insecurity. Our research is based on the frameworks of
an earlier Danish study on internal crisis management and
communication. Internal response, also known as an
organizational response or business continuity management,
focuses on an organization’s inner dynamics to a crisis, hence
its overall approach and strategic instruments (Johansen et al.,
2012). We consider addressing the internal perspective especially
relevant as last decade, CM and CC research have, in large,
focused on the external dimensions of the crisis, hence, how
to restore from a possible reputation or image damage. Thus,
research on the internal life in crisis from a sensemaking
perspective is to be considered limited (Frandsen and
Johansen, 2011).

BACKGROUND

Crisis

A crisis can be described as an overwhelming situation that
overstrains available capacities and resources (Van Wart and
Kapucu, 2011; Sriharan et al, 2022). A crisis is more
transboundary than everyday emergencies and often exceeds
natural or manmade geographical, organizational or
administrative borders (Ansell et al., 2010). Despite growing
attention to the crisis, it has been proven difficult to establish
a consensus about a unified crisis definition (Wolbers et al.,
2021). Bundy et al. (2017) point out that research on crises
and their management remains fragmented. The organizational
crisis literature is somewhat cofounded by several and
sometimes conflicting explanations and definitions (Kovoor-
Misra et al., 2001), and there are still many theoretical,
practical, and conceptual challenges that need resolving
(Lalonde and Roux-Dufort, 2013). According to Roux-Dufort
and Lalonde (2013), the diversity of conceptualizations
indicates that we are faced with a wandering phenomenon.
Upon examining the development of- and knowledge gaps
in business and management research on organizational
resilience, Linnenluecke (2017) found in her review that
the research on resilience has developed into five main
streams: “(1) organizational responses to external threats,
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(2) organizational reliability, (3) employee strengths, (4) the
adaptability of business models or (5) design principles that
reduce supply chain vulnerabilities and disruptions” (p. 4).
The review concluded that many organizations, as a result,
will face unpreparedness when a crisis strike if they do not
increase their overall capacities and their knowledge
about the discussion-making process and resilience
planning.

One type of crisis, organizational crisis, an area of interest
in this study, is defined as a low-probability, high-impact event
that threatens the organizations sustainability (Pearson and
Clair, 1998; Kim, 2018). It can be caused by natural and
manmade hazards and pose internal and external challenges
(Winston, 2019). Other earlier sources, such as Nystrom and
Starbuck (2015), viewed crises as a threat to organizational
development, while Milburn et al. (1983) saw them both as
a threat and an opportunity. While Weick (1988) argued that
a crisis was a low probability event, others like Smart and
Vertinsky (1984) reasoned that it could be high and low.
Whereas Pearson and Mitroff (1993) claimed that the element
of surprise was a hallmark in crisis, Kerchner and Schuster
(1982), on the contrary, argued that they were somewhat
predictable. Relevant to this study, and as pointed out by Boin
and t Hart (2022), a crisis could also be seen as a “catalyst
for change” (p. 13). The justification argument stems from
what Barton (1970) referred to as “collective stress,” which,
summarized by Boin and t Hart, helps relieve and wash away
existing and often tradition-based institutional myths and
patterns. New thinking may be beneficial but also challenging
for organizations that have a markedly mechanistic (Burns
and Stalker, 1961) approach to crisis management, where the
action logic is focused on a linear, rigid, and fixed hierarchical
system.

From an organizational viewpoint, mitigating and preparing
for crises has become increasingly tricky as 21st-century
organizations face ever-changing technological, communicative
and cultural challenges (Aljuhmani and Emeagwali, 2017).
Crisis survival is thus much dependent on the organization’s
overall level of resilience (Teo et al., 2017). Resilience is the
ability to react (Williams et al., 2017) and recover from damaging
events or blows (Longstaff, 2005). Hwang and Lichtenthal (2000)
argued that organizations could be subject to two main types
of crisis; abrupt or cumulative, where the abrupt is a one-time
event that occurs suddenly and challenges the state of normal,
while the cumulative builds up gradually over time. Following
the latter, an organizational crisis may be viewed as a three-
stage multi-disciplinary process consisting of pre-crisis, crisis,
and post-crisis (Johansen and Frandsen, 2007). The organization
identifies and takes strategical and tactical mitigation measures
during this process, responds to the crises, and restores a
normal state (Coombs and Holladay, 2014; Zamoum and Gorpe,
2018). While such a multi-disciplinary approach to organizational
crisis handling is embraced by several scholars (Smart and
Vertinsky, 1984; Weick, 1988; Kovoor-Misra et al., 2001), it
has also been criticized for nurturing up under and contributing
to lacking unification within the field of organizational crisis
research (Pearson and Clair, 1998).

Managing Crisis

Compared to managing routine-based daily operations, a crisis
(also known as a disaster) can be quite challenging and stressful
(Peyravi et al, 2021). Stated reasons include that crisis occurs
with less regularity and often is more disorganized and resource-
overwhelming (Ansell et al., 2010; Serensen, 2017). It also presents
stakeholders with higher uncertainty levels (Mitroff et al., 1987),
combined with pressure to make quick and effective decisions
within short time frames, often based on little or poorly validated
information (Lu and Xue, 2016). Lastly, as Van Wart and Kapucu
(2011) pointed out, there is an additional inconsistency and
notable difference in how the crisis concept is viewed across
public and private sectors. While public organizations tend to
associate the main task of managing a crisis with facilitating
and allocating resources to mitigate, prepare, and respond to
expected and unexpected manmade or natural hazards, the NGO
sector includes all untoward events and uses the crisis term
more broadly. On that note, successful organizational crisis handling
depends not just on effective management, structured planning
and rapid decision-making. An organization’s success relies just
as much on its nature (Gilpin and Murphy, 2008) and its
relationship with its employees (Frandsen and Johansen, 2011).

Since the 1960s, extensive organizational hierarchies and
excessive bureaucracies have been considered ineffective (Downs,
1967). Such ways of organizing are especially true in crises.
Findings show that organizations that have implemented long
vertical structures often are challenged, as the vertical structure
may hinder effective decision-making and often needed
information flow (Berlin and Carlstrom, 2013). As employees
can positively or negatively impact the outcome of a crisis,
they should always be considered an essential resource (Frandsen
and Johansen, 2011).

Everyday users of systems and procedures are often the
ones that are in an immediate position to notice early warning
crisis signs and detect discrepancies. Therefore, it is an essential
management task to ensure that employees develop their crisis
perspective and awareness to contribute to their organization’s
overall crisis management (Heide and Simonsson, 2015). As
argued by Weick and Ashford (2001), employees who are
empowered are, in crises, not only able to act through established
and rehearsed procedures; they are also capable of improvising
and implementing alternative solutions. To be able to improvise
and implement, there first needs to be an effort to understand
connections. Such ability to turn unclear and often unexpected
incidents into explicit and comprehensive situations is called
sensemaking (Weick et al., 2005).

Making Sense

In organizations, sensemaking serves as a plausible image and
rationale for behavior. When stakeholders encounter ambiguous
or uncertain situations, they will seek to “make sense” of them
and act by examining and using existing organizational and
environmental cues (Weick, 1995; Weick and Ashford, 2001;
Weick et al., 2005; Maitlis and Christianson, 2014). Sensemaking
is thus more about situational interpretation and action interplay
than an assessment of choice (Laroche, 1995).
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According to a 2014 review study by Maitlis and Christianson
(2014), the “sensemaking language” was introduced in the
literature at the beginning of the twentieth century in works
by, e.g., Dewey (1922) and James (1890), but it was first when
Karl Weick introduced the concept of organizational sensemaking
in his 1969 book “The Social Psychology of Organizing”
sensemaking became a critical topic within organizational
research (Weick, 1969). At the time, the book contributed to
an ongoing debate on whether ecological changes in an
organization’s environment, among others, create modifications
that engage the attention of relevant actors, resulting in recursive
selections and retentions. Later, Weick (1995) described how
he viewed sensemaking as a process that is “is (i) grounded
in identity construction, (ii) retrospective, (iii) enactive of
sensible environments, (iv) social, (v) ongoing, (vi) focused
on and extracted cues and (vii) driven by plausibility rather
than accuracy” (Magnussen et al., 2018, p. 247). Then, in 2001,
he provided a further holistic understanding of the phenomenon
by explaining the four opinion capture process stages: (1)
action, (2) interaction, (3) social commitment, and (4) committed
interpretation (Magnussen et al., 2018).

The notion of sensemaking may be viewed from several
different perspectives. Individual sensemaking processes occur
when individuals engage in retrospective and prospective thinking
to construct an interpretation of reality (Sonenshein, 2010).
For example, when faced with an unfolding personal crisis, a
person may engage in sensemaking about their future when
a situation shatters their existing personal and worldly
assumptions (Keesee et al., 2008; Park, 2010). Such processes
are also relevant in the study of working environments and
professional interplay, examples being Weick’s known studies
of the Bhopal (Weick, 2010), Mann Gulch (Weick, 1993) and
Tenerife (Weick, 1990) disasters, which later have been regarded
as pioneer studies within the crisis sensemaking field (Johansen
et al., 2012).

The way individuals first construct meaning is influenced
by several factors and levels, including their internal environment,
culture, background, and identity (Prior et al, 2018). Weick
(1988) argued that when people act, they initially bring constructs
into existence that they set into action. In an attempt to make
sense, people, through mental modeling processes, notice and
bracket down the environment to identify new cues that they
again contemporaneously validate (Weick et al., 2005). Cristofaro
(2020) argued in his proposed Affective-Cognitive Theory of
management decisions that when sense makers feel a positive,
negative or even mixed affective state, they are driven to search
for explanatory cues. However, the cues themselves are not a
final solution to the sensemaking process but rather pieces of
information, which the sensemaker uses to form a schema
already shaped and influenced by existing “elicited affective
states” (p. 9).

In later work-life studies, Christianson et al. (2009), which
studied the 2003 collapse of the roof of the Baltimore & Ohio
(B&O) Railroad Museum Roundhouse, found, for example,
that employees’ sensemaking was triggered upon trying to
understand and cope with the future of their museum and
whether the collapse and destruction were to be understood

as a permanent, temporary setback. In a Norwegian study on
whether sensemaking processes may influence emergency call
center dispatchers” decision-making when dealing with maritime
crises, Magnussen et al. (2018) found that the dispatchers’
past professional experiences influenced the sensemaking
processes that took place before the actual decision-making,
and thus did not always result in optimal outcomes. In sum,
knowledge about sensemaking enables organizations to mitigate
and act when faced with a crisis (Weick et al., 2005). It provides
stakeholders with a structured process of dealing with uncertainty
(Weick, 1995) and explains mental reality models (Namvar
et al,, 2018), contributing to informed decision-making. On
that note, traditional sensemaking models have been criticized
for not fully considering the role of emotions in individuals
and organizations (Maitlis et al., 2013).

Today, sensemaking can be viewed more as a general notion
than a unified term. According to Maitlis and Christianson
(2014), the many different definitions expose the many ontological
assumptions (Louis, 1980; Starbuck and Milliken, 1988; Gephart,
1993; Weick, 1995) that contribute to defining and further
developing sensemaking theory. However, according to the
authors, it can still be argued that there are four recurring
themes, which will serve as the starting point for our further
discussion. First, sensemaking should be viewed as a dynamic
process where the focus is on transience over constancy (Hernes
and Maitlis, 2012). Second, sensemaking seems to be triggered,
especially when stakeholders face unanticipated events (Maitlis,
2005). Third, despite being a general notion, sensemaking
should be viewed as a social construct, as organizations and
individuals make sense based on their existing thoughts and
feelings, thus already being affected by the “actual, imagined,
or implied presence of others “(Allport and James, 1985, p. 3,
cited in Weick, 1995, p. 39 and in Maitlis and Christianson,
2014, p. 66). Finally, a fourth critical element is the fact that
when people take action to make sense of a situation, it, in
turn, affects the very environment they want to understand,
thus creating “rational accounts of the world that enable action”
(Maitlis, 2005, p. 21, cited in Maitlis and Christianson,
2014, p. 66).

MATERIALS AND METHODS

Design
This research is a simple quantitative design, using an online
survey of employees of the Norwegian Sea Rescue Society (RS).

Population and Sample - The Case of the
Norwegian Sea Rescue Society

The population for this research included the 1,600 permanent
and volunteer rescue workers of The Norwegian Sea Rescue Society
(Redningsselskapet, RS.) Founded in 1891, the RS is Norway’s
most prominent humanitarian maritime search and rescue (SAR)
organization. The Redningsselskapet organizes 52 rescue vessels,
four ambulance vessels and other support vessels. In addition to
national duties, the organization participates in several international
projects and partnerships (Redningsselskapet, 2020). RS was deemed

Frontiers in Psychology | www.frontiersin.org

152

August 2022 | Volume 13 | Article 818422


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Sorensen et al.

Employees Cirisis Perception and Reactions

a relevant study sample based on its long-standing SAR traditions,
organizational size, and international commitment.

Further, the organizations response to the COVID-19
Coronavirus was considered relevant as a case study since
operational insecurity, infection control requirements, and human
resource challenges did pose administrative and managerial
challenges to the organization. A sample size calculation was
undertaken using G*Power, a free-to-use statistical software
package (Faul et al., 2009). The sample size calculation was
set with a statistical power of 0.80 with an alpha significance
level of 0.05, and an effect size of 0.3 (Cohen, 2013). The
appropriate sample size was calculated to be 82.

Data Collection

Instead of 82 participants, 365 possible participants were sent
an e-mail invitation to complete an online survey via the RS
Human Resource department. The invitation described the
study, its purpose and a hyperlink to the survey. Furthermore,
contact information for the researchers, along with RS’s approval,
was enclosed. One e-mail reminder was sent to potential
participants, and data collection closed 16days after the
initial e-mail.

The survey was based on the Danish-developed Internal
Crisis Management and Crisis Communication survey (ICMCC).
This survey was designed to measure organizational participants’
perceived internal crisis management and communication levels.
The ICMCC survey was developed as part of the Danish
research project “Internal Crisis Management and Crisis
Communication in Danish Organizations” (2011-2014), which
was financed by the Danish Council for Independent Research/
Social Sciences (Johansen et al., 2012). The theoretical framework
of the ICMCC was built around crisis management, sensemaking
and internal stakeholder theory, thus relevant to this study.
The ICMCC’s homogeneity had earlier been tested by calculating
Chronbach’s alpha. The test calculated an alpha value of 0.76,
which was considered satisfactory according to Altman (1990).

The survey included two sections. Demographic information
was collected, including the participant’s age, gender, highest
educational level, years of working experience, whether they
have crisis management/communication as part of their job
description, and whether they had received crisis management/
communication training collected. Secondly, participants were
asked to pick one or more crisis definitions from a list of
four predetermined from the original ICMCC survey. Then,
participants were asked to rank how they perceived other
employees react to crises against 18 different reaction types,
using a five-point Likert scale ranging from 1= ‘strongly disagree’
to 5='strongly agree’

Data Analysis

After data collection, data were cleaned and imported to
Statistical Package for the Social Sciences (IBM SPSS Statistics
for Windows, Version 25.0. Armonk, NY: IBM Corp). First,
demographical data were analyzed using frequencies and means
of central tendency for descriptive purposes. Second, the sample’s
crisis perception and reactions to the crises outlined in the

ICMCC survey were analyzed. Again, frequencies and central
tendency were used to indicate observation averages and identify
the dataset’s dispersion (Barde and Barde, 2012).

Protection of Human Participants

To ensure that the study was performed in accordance with
ethical research standards, ethical approval was obtained from
the Norwegian Center for Research Data (NSD) before data
collection (reference number 672295). Additionally, permission
was obtained from the RS to conduct this research. Participant
volunteerism was emphasized in the initial invitation to participants
and during the survey. To ensure further voluntary participation,
the participants answered an “I wish to participate in this study”
question with a yes/no alternative as the first survey question.
Additionally, to ensure anonymity, age and years of working
experience, answer options were presented in predefined groupings.

FINDINGS

Demographics

A total of 73 (N=73) persons agreed to participate in this
study. The response rate was 20%. That gave an overall statistical
power of 0.75. Seventy-seven percent of the respondents were
males, and 23% were females. Most participants belonged to
the 50-59 age group (33.5%) or the 40-49 (33.0%). Further,
19% belonged to the 30-39 group, 5.5% to the 20-29, and
11.0% to the 60-69 age group. Over half (57.8%) stated four
years of higher education as their highest level, while 18.3%
listed a high-school level. Twenty-two percent had more than
four years of higher education, while one individual listed a
doctoral educational level. Years of RS working experience
varied from under one to 15+. The distributions were as
followed: 01 (10.7%), 1-5 (25.3%), 6-10 (36.0%), 11-15 (13.3%),
and 15+ (14.7%). Close to half (48.5%) either strongly or
somewhat agreed that they had crisis management as part of
their function. Thirty-four point 5% either strongly or somewhat
disagreed. Over half (55.4%) strongly disagreed that they had
received crisis management/communication training, while 9.5%
somewhat disagreed. Thirty-one point 1% either strongly or
somewhat agreed (Table 1).

Employee’s Pattern Perception of Crisis

Of the four crisis pattern descriptions provided (Table 2), over
half (63.6%) supported the claim that a crisis is an incident
involving damage to stakeholders (customers, members,
employees, volunteers, etc.). Fifty-four point 5% supported the
assertion that an incident put parts of the organization out
of operation within a short period. Fewer of the sample
population perceived that a crisis threatens the entire
organization’s existing foundation (22.1%) or is poorly handled
by the organization’s management (10.4%).

Perceived Co-worker’s Reaction to Crises
Upon being asked how the participants perceived that their
co-workers react to crises (Table 3), most perceived they would
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TABLE 1 | Demographics.

Gender % Age group % Years .° RS % Educational level %
experience

Male 77 20-29 5.5 0-1 10.7 High-school 18.3

Female 23 30-39 19.0 1-5 23.3 Higher (4 years) 57.8
40-49 33.0 6-10 36.0 Higher (4+ years) 22.5
50-59 33.5 11-15 13.3 Doctoral level 1.4
60-69 1.0 15+ 14.7

N=73.

TABLE 2 | Employee’s pattern perception of crisis (from high to low).

TABLE 3 | Perceived reactions to crises.

Crisis perception % Text Mean SD
An incident involving damage to stakeholders (customers, 63.6 Need more information 4.32 0.92
members, employees, volunteers, etc.) More informal 2.90 1.16
An incident that within a short time-period put parts of the 54.5 communication
organization out of operation Insecurity 2.89 1.20
An incident that threatens the entire organization’s existing 221 Frustration 2.86 1.23
foundation Spread rumors 2.75 1.28
An incident that is poorly handled by the management of the 10.4 Feel sorrow 2.63 0.99
organization Misunderstand the situation 2.48 1.08
Scared 2.29 1.33
N=73. Become silent 2.25 1.04
Community 2.13 1.29
. . Loss of motivation 1.83 1.08
out a need for more information (M=4 0.32, SD—0.9.2). Next Leaving the organization 1.80 1.01
followed a sense that several would produce more informal | ossof confidence 1.79 1.06
communication (M=2.90, SD=1.16), feel insecure (M=2.89, Feel betrayed 1,77 0.95
SD=1.20), and frustrated (M=2.86, SD=1.23). On the other  Feelashamed 1.73 0.95
side, as seen in the table, few perceived that their co-workers Eji?stli:‘/iiation 1'23 8‘:3
would become passive (M=1.70, SD=0.99) or panic (M=1.44. o i 144 0.77

SD=0.77). Further, the findings showed that only a minory
perceived that their colleagues would lose motivation (M=1.83,
SD=1.08), leave the organization (M=1.80, SD=1.01), lose
confidence (M=1.79, SD=1.06), or feel ashamed (M=1.73,
SD=0.95).

DISCUSSION

First, by taking as a starting point that sensemaking involves
a dynamic process where the focus is on transience over
constancy (Hernes and Maitlis, 2012), it flows nicely together
with the notion that a crisis, here the COVID-19 pandemic,
in its nature, is a rare, overwhelming and abnormal occurrence.
Most participants perceived the pandemic as an incident
involving damage to stakeholders (customers, members,
employees, volunteers, etc.). That over half also defined the
ongoing corona crisis as an incident that within a short
time put parts of the organization out of operation; it also
aligned well with Pearson and Clair's (1998) definition of
an organizational crisis, thus being a low-probability, high-
impact event. Based on the assumption that the sample
responded to the survey questions built on how they perceived
the Norwegian Sea Rescue Society had responded to the
COVID-19 outbreak during the first three quarters of 2020,
only 10.4% reported that they associated a crisis with an
incident that was poorly handled by the management. Despite

that managing crisis can be quite challenging and stressful
compared to standard routine procedures, the findings indicate
strong confidence in RS’s ability to handle a crisis. Combined,
it indicates trust in management and widespread belief in
organizational resilience, that RS is an organization that
internally can handle both abrupt and cumulative incidents
(Hwang and Lichtenthal, 2000), which both are represented
in the ongoing pandemic. Such findings are positive in light
of Gilpin and Murphy's (2008) earlier discussed argument
of how an organization’s success relies on its nature and
its relationship to its workers (Frandsen and Johansen, 2011).
Findings signal a highly empowered employee group with
a high degree of crisis awareness (Weick and Ashford, 2001),
who can turn unclear and often unexpected incidents into
understandable and tangible situations (Weick et al., 2005).

Second, results align with the assumption that sensemaking
seems to be triggered, especially when stakeholders face
unanticipated events (Maitlis, 2005). That the top three
found perceived reaction patterns in this study were to (1)
seek out more information, (2) engage in more informal
communication, and (3) experience a feeling of insecurity
supports the assumptions of, among others (Weick, 1995;
Weick et al.,, 2005) and Maitlis and Christianson (2014),
which argued that when stakeholders encounter ambiguous
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or uncertain situations, they will seek to “make sense” of
them through the use of existing organizational knowledge,
networks and experiences. However, the search for explanatory
cues is not always the final solution to the sensemaking
process but rather pieces of information, which the sensemaker
uses to form a schema that is often already shaped and
influenced by existing states. Therefore, as argued by Cristofaro
(2020), it is necessary to focus more on the role of affective
states in determining possible cognition errors. That said,
making sense of a crisis is not always easy as such an
incident presents stakeholders with higher uncertainty levels
(Mitroff et al., 1987) and limited information flow, often
based upon less validated materials (Lu and Xue, 2016).
Therefore, traditional information networks may not always
prove sufficient, resulting in that co-workers seeking out
information elsewhere.

While informal communication networks may have several
benefits, there is an imminent danger that employees may
fall victim to an illicit or little nuanced information flow.
Combined with a higher degree of uncertainty, such
information may negatively affect employees’ sensemaking
processes about their current and future (Keesee et al.,
2008; Park, 2010). Signs of such negative ongoing processes
are also identifiable in this study, as co-workers are, by
their peers, perceived to show somewhat signs of
misunderstanding, frustration, and insecurity, and some are
also, to a degree, perceived to feel sorrow and fear. On a
positive note, few perceived that their co-workers encountered
a loss of motivation or wanted to leave the organization
in a crisis. This may suggest that the Norwegian Sea Rescue
Society (RS) is a resilient organization with the ability to
counteract and adjust to triggering events. Emotional response
findings also support the notion of organizational robustness.
Few perceived that their co-workers reacted with a feeling
of shame or betrayal when their organization experienced
a crisis. On the contrary, the results indicate that RS
employees consider their co-workers to handle crises well,
as few perceived that typical crisis reaction patterns involved
high degrees of passivity, silence, panic or loss of confidence.

Third, despite being a general notion, sensemaking can
be viewed as a social construct, as organizations and
individuals make sense based on their existing thoughts
and feelings, thus already being affected by the “actual,
imagined, or implied presence of others” (Allport and James,
1985, p. 3, cited in Weick, 1995, p. 39 and in Maitlis and
Christianson, 2014, p. 66). As seen here, employees can
positively or negatively impact the outcome of a crisis
(Frandsen and Johansen, 2011) through their actions and
behavior. Therefore, as Heide and Simonsson (2015) discussed,
it is an essential management task to ensure that employees
develop relevant crisis understanding, perspective, and
awareness. An interesting observation in this study was
that close to half of the sample, or more specifically, 35
individuals, while not belonging to the top management,
perceived that they had crisis management and
communication as part of their formal function. On the
one hand, such high numbers may indicate an organization

with  unclear internally communicated roles and
responsibilities. Conversely, the finding may reflect a relatively
flat and transparent organizational structure, where top
management trusts their employees and the employees take
active ownership and contribute to their organization’s overall
crisis management.

Finally, a fourth critical element is that when people
take action to make sense of a situation, it, in turn, affects
the very environment they want to understand, thus creating
“rational accounts of the world that enable action” (Maitlis,
2005, p. 21, cited in Maitlis and Christianson, 2014, p. 66).
That well over half of the sample population had been with
the organization for 6years indicates That the Norwegian
Sea Rescue Society (RS) has a stable employee pool. While
a stable pool can be a strength both in everyday operations
and in crisis, it can also result in extensive hierarchies,
ingrained cultures and traditions that get in the way of
effective crisis response (Downs, 1967; Berlin and Carlstrom,
2013). As employees often are the ones that are in the
immediate position to notice early warning crisis signs and
detect discrepancies, it is an essential management task to
ensure that the employees develop and keeps up to date
on their crisis sensemaking and awareness skills. As argued
by Weick and Ashford (2001), employees who are empowered
are, in crises, not only able to act through established and
rehearsed procedures; they are also capable of improvising
and implementing alternative solutions.

CONCLUSION, RECOMMENDATIONS
AND LIMITATIONS

Findings showed that a majority perceived a crisis as an
incident involving damage to stakeholders and that it was
an incident that put parts of the organization out of operation
within a short period. Fewer perceived that a crisis threatens
the entire organization’s existing foundation or is poorly
handled by the organization’s management. The results
indicated that most of the sampled population strongly
believed in their organization’s overall resilience level, thus
its ability to react and recover from damaging events or
blows. However, the results also indicated a somewhat vague
understanding of internal roles and responsibilities. Their
need for more information became evident in co-workers’
reaction patterns. The sample perceived that their co-workers
engaged in informal communication and rumor spreading.
Signs of ongoing negative processes were also identifiable
in this study, as co-workers were by their peers perceived
to show somewhat signs of misunderstanding, frustration,
and insecurity. Crisis perception, knowledge of own
organization, limitations and capabilities, roles, and
responsibilities are important factors in crisis management
that should be enhanced through communication and
information sharing to prevent spreading rumors and
functional disruption in an organization during a crisis.
This paper deals with Norwegian employees. However, these
findings’ implications are global and include necessary
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educational initiatives and research focusing on employees’
perceptions of- and reactions to an organizational crisis.
More research, preferably with the same approach, is
recommended to gain further knowledge on how employees
perceive and react to organizational crises. We recommend
that future studies examine the relationships between variables
using renowned statistical
methods.

This study has several limitations. First, this study was
limited in scope as data was collected from a limited sample
population and a relatively short period. However, the response
rate with associated achieved statistical power of 0.75 is
close to the desired target of 0.80, hence giving a good
indication of the current perceived understanding of crises
and their responses. Second, the sample was presented only
with predefined options, thus not providing individual options
to define the different terms. Third, the sample had to
interpret terms like crises, panic, and insecurity individually,
which may cause lower term validity. Fourth, since the study
was done during an ongoing pandemic, there is a bias in
terms of the amount of information that existed at the time
data was collected. Fifth, as this study focuses on individual
perceptions only, there will always be a risk of bias or
other barriers to perceptual accuracy. Finally, it should
be noted that the original study was conducted on the
organizational level among the 367 largest private companies
and 98 public municipalities in Denmark (Johansen et al,
2012), while in this study, the same survey was used on a
single organization and applied on the individual level.
We still deem using the same instrument relevant, as it

measures the participant’s individual perceptions in
both studies.
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