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ABSTRACT The world is currently dealing with the aftermath of the coronavirus disease 2019 (COVID-19)
pandemic, which has resulted in momentous changes, the likes of which had not been witnessed within
the previous century. These adverse events and the resulting uncertainty have posed enormous challenges
to organizations, and many are on the verge of collapse. Organizations urgently need to enhance their
risk management abilities and capacity to cope with crises, and organizational resilience, as such a tool,
has attracted widespread attention in China and abroad. The purpose of this study is to understand the
research status and development trend of organizational resilience. In this study, we applied CiteSpace to
perform a visual analysis. Searching for topics related to organizational resilience, we retrieved papers
published from 1990-2022 in the Web of Science Core database. Second, we constructed an author,
institution, and country/region collaboration network to identify the most prolific authors, institutions and
countries, respectively. The distribution of core journals determined by journal co-citations, the document
co-citation network, and a clustering analysis revealed the research topics and knowledge structure, the author
co-citation network revealed which authors were influential, the keyword co-citation network indicated
popular research topics, and the keyword bursts highlighted the research fields. This paper analyzes the main
contributions of organizational resilience research at the author, institution, and country levels; knowledge
sources; interdisciplinary characteristics and research areas in organizational resilience; and direction of
future research.

INDEX TERMS Organizational resilience, visualization, knowledge map, general review, CiteSpace.

I. INTRODUCTION
Climate change, the COVID-19 epidemic and local wars
have overlapped, triggering huge systemic risks and causing
huge impacts on society and the economy [1], [2]. Amid
accelerating and deepening globalization and the changing
world landscape, the society and environment in which orga-
nizations operate are becoming increasingly complex, and
organizations are involved in a complex network of linkages
that affect whole systems. Crises and disasters have become
recurring events that organizations need to face in the pro-
cess of development. For example, the 9/11 aviation attack
brought devastating losses to the U.S. airline industry. The
outbreak of 2008 global financial crisis caused the global
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economy to shrink, and many companies went bankrupt. The
2020 COVID-19 epidemic has even affected various aspects
such as human health, economic growth, social development,
national security, and international relations, posing enor-
mous challenges to organization and management. A signif-
icant number of organizations are on the verge of collapse
due to their failure to prepare for such events, and organiza-
tions are under tremendous pressure to survive [3]–[5]. This
challenging environment, especially major crisis events, has
forced organizations to become more flexible and resilient to
survive and thrive [6]. Organizational resilience is considered
to be critical to the success of an organization’s response to an
unexpected event. It helps organizations anticipate potential
threats, respond effectively to adverse events and adapt to
changing conditions to achieve future success [7]. Thus, the
study of organizational resilience is very important, as it not
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only deepens an organization’s understanding of crises but
also enhances its ability to survive and grow to maintain a
competitive advantage.

‘‘Resilience’’ is widely used in many fields, including
ecology, psychology, climate change, critical infrastructure,
and organizational science. The concept of resilience, derived
from the Latin verb ‘‘resilience,’’ can be defined as rapid
recovery from difficult and potentially harmful situations [8].
Organizational resilience has drawn increasing attention from
management scholars since Weick’s famous study on the
Mann Canyon Fire in Montana, USA. Preliminary results
have been obtained on the content, influencing factors, and
measurement of organizational resilience.

Since the outbreak of COVID-19, scholars in China and
abroad have once again paid more attention to the study
of ‘‘organizational resilience.’’ There have been many types
of research on the connotations, influencing factors, and
measurement dimensions of organizational resilience. The
connotations of resilience are more apt to be studied from
the perspective of system capability or the outcome; specific
performance is the ability to recover [9] and other abili-
ties [7]. Research on the influencing factors of organizational
resilience is mainly carried out from the aspects of indi-
viduals [10], organizations [11], and the environment [12].
Organizational resilience is both a multilevel and a mul-
tidimensional concept. It is a process of dynamic interac-
tion between the organization and the external environment.
Due to its complex connotations, scholars have not agreed
on its measurement dimensions or research methods, which
mainly include direct measurement [13], indirect measure-
ment [14], and case studymethods [15]. In recent years, many
scholars have also conducted literature reviews on organiza-
tional resilience. Linnenluecke [16] identified five research
directions for tissue resilience. Duchek [7] defines organiza-
tional resilience as a meta-capability and gives a potential
overview of the capabilities that constitute organizational
resilience. Williams et al. [17] integrates crisis management
and resilience research, identifying a unique line of crisis
and crisis management. Although organizational resilience
research is common in international journals, the research
content is relatively scattered, and there is still a lack of sys-
tematic research on the evolution and frontiers of and popular
topics within organizational resilience. In addition, most of
the above research is based on qualitative analyses of the liter-
ature, and given the considerable amount of literature, a qual-
itative analysis through reading and summarization methods
has limitations, such as subjectivity and one-sidedness. There
is an urgent need to analyze organizational resilience research
by using scientific bibliometricmethods to provide a newway
of thinking for studies of organizational resilience.

The intellectual structure of a scientific field can be rep-
resented by a network of entities, such as cited references,
collaboration networks, and cooccurring keywords [18]. This
network can be visualized by knowledge mapping. This con-
stitutes a new method of literature analysis for the continuous
development of scientific knowledge across the landscape.

It can provide an overall and comprehensive description and
help illuminate the knowledge structure, intellectual collabo-
rations, new development trends, and hot topics that are very
important to researchers, engineers and enterprise managers.

CiteSpace software shows the evolution of a knowledge
field and hot trends through mapping visualization technol-
ogy, which is intuitive, scientific and objective, and helps
comprehensively illuminate research frontiers and overall
trends. CiteSpace is currently used in many disciplines,
such as leadership [19], human behavior [20] and infor-
metrics [21]. Zhang and Li [22] applied CiteSpace to the
exploration of urban resilience. Chen et al. [23] used CiteS-
pace to review the development of organizational resilience.
Therefore, it is necessary to use CiteSpace software to com-
prehensively sort and systematically summarize the existing
theoretical results in the field of organizational resilience to
provide guidance and a reference for the development of this
field.

In this research, we used CiteSpace as the analysis soft-
ware to construct a co-citation cooperation network and per-
form a keyword co-occurrence analysis of the organizational
resilience research literature. We aim to identify the research
powers in the field of organizational resilience at the indi-
vidual, institute, and country levels. In addition, we aim to
determine the distribution of core journals and subject cat-
egories related to organizational resilience research. Third,
we cluster the main research topics, explore the knowledge
structure, and sort the evolution of organizational resilience
research. Finally, the popular research topics and frontiers of
organizational resilience are discussed.

The remainder of this study is organized as follows. The
next section presents the data collection and research meth-
ods. Then, the research framework is presented. Section III
presents the results of the descriptive statistics of the data.
Section IV presents the results of visualization scientomet-
ric analysis. Section V concludes the contributions, research
implications and limitations for further research.

II. DATA COLLECTION AND RESEARCH METHODS
A. DATA COLLECTION
Web of Science (WOS) is the most authoritative database
for obtaining global academic information [24]. It contains
a large number of influential academic journals and detailed
information about the literature that guarantees the reliability
of a study’s data sources [25], [26]. Our sources of data were
mainly from the WOS Core Collection (WOSCC) database,
with the following retrieval codes used:

TS = (organizational resilience) or TS = (resilient organi-
zation) or TS = (organizational toughness); Database = Sci-
ence Citation Index Expand (SCIE), Social Science Citation
Index (SSCI), Arts & Humanities Citation Index (A&HCI),
Conference Proceedings Citation Index-Science (CPCI-S),
and Conference Proceedings Citation Index-Social Science
& Humanities (CPCI-SSH); Document type = Article,
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FIGURE 1. Research framework.

Proceedings and Early Access; Language = English; and
Timespan = 1990-2022.
Based on the above retrieval strategy, we retrieved 3640

articles, proceeding papers and early access papers from
the SCI-EXPANDED, SSCI, A&HCI, CPCI-S, and CPCI-
SSH databases that were downloaded on March 31, 2022.
We saved the ‘‘record content’’ as a complete record (includ-
ing the title, authors, abstract, keywords, source journals,
cited references and research directions) in other file formats
and plain text.

B. RESEARCH METHOD AND FRAMEWORK
Scientific knowledge visualization based on social network
analysis and graph theory is a new type of bibliometric
method [27]. CiteSpace-based analysis, which includes the
potential knowledge contained in the scientific literature from
scientometrics, a visualization of the data, and information,
involves citation visualization analysis software that allows
multiple variables and time sharing. Dynamic characteriza-
tions [28], which were developed and provided for free by
Dr. Chen Chaomei at Drexel University, USA [29], have been
widely applied worldwide due to their advanced and powerful
functions [30]. In this study, CiteSpaceIII 6.1 R1 was used
to visualize and construct a knowledge map of organizational
resilience articles. Due to functional limitations, CiteSpaceIII
5.8 R3 was used for the network of authorship collaboration
and cooccurring subject category.

A framework was constructed to analyze and visualize
publications on organizational resilience from 1990-2022,
as shown in Figure 1. The analysis steps were as follows:

First, we retrieved and collected data and then established a
scientometric database on organizational resilience. Second,
we deduced descriptive statistical analysis and visualization
scientometrics analysis. Based on the descriptive statistics,
the following six general findings were presented for the

existing organizational resilience research: the time distri-
bution of organizational resilience papers published from
1990-2022, subject fields, research directions, statistics on
high-yield countries/regions, journals, and authors. For the
scientometric analysis, a co-citation analysis based on the
reference, journal, and authors revealed the reference and
authors’ influence and the co-citation relationship among
journals. The co-operation among countries/regions, institu-
tions, and authors could be obtained by drawing a co-citation
network based on the country/region, institution, and author
analysis. The distribution of publications in the field of
organizational resilience, citation trajectory, and knowledge
flow about the disciplinary migration of journals could be
obtained by using the dual-map analysis module, and through
the co-occurrence keywords and literature, popular research
topics and future directions could be identified.

III. DESCRIPTIVE STATISTICS OF THE FINDINGS
A. TEMPORAL DISTRIBUTION OF PUBLICATIONS
The temporal distribution of publications from 1990-2022
and some periodical characteristics of acritical evolution are
illustrated in Figure 2. The research shows a steady quantity
of organizational resilience articles worldwide divided into
three rough stages. In the first stage (preliminary), fewer than
10 articles per year were published from 1990-1999. In the
second stage (rapid development), from 12 papers in 2000 to
116 papers in 2012, the study of organizational resilience
developed rapidly. In the third stage (vigorous development),
a number of articles about organizational resilience were
published from 2013-2022; this is the vigorous development
stage.

B. SUBJECT FIELDS
From the distribution of the subject fields, organiza-
tional resilience involves multidisciplinary fields and mainly
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FIGURE 2. Temporal distribution of organizational resilience from
1990–2022.

FIGURE 3. Subject distribution of organizational resilience.

focuses on management (17.77% of the total), environmen-
tal sciences (9.53%), environmental studies (9.40%), busi-
ness (8.35%), and public environmental occupational health
(7.01%), as shown in Figure 3.

C. RESEARCH DIRECTIONS
Organizational resilience from 1990-2022 involves many
research directions; the top ten include business economics
(22.88%), environmental sciences ecology (16.04%), engi-
neering (16.02%), psychology (10.69%), and computer sci-
ence (10.38%), as presented in Figure 4.

FIGURE 4. Distribution of the research directions of the organizational
resilience literature.

D. HIGH-YIELD COUNTRIES/REGIONS
In the top 10 high-yield countries or regions found from
1990-2022, most publications were from Western countries

FIGURE 5. Distribution of the countries/regions of the organizational
resilience literature from 1990–2022.

and China (Figure 5). The United States (33.10%) ranked
first in the number of organizational resilience publications
during this period, followed by England (11.40%), Australia
(8.63%), and China (7.94%).

E. HIGH-YIELD JOURNALS
From the perspective of high-yield journal distribution,
as indicated in Table 1, high-yield journals include Sus-
tainability (108), the International Journal of Environmental
Research and Public Health (41), Safety Science (40), Ecol-
ogy and Society (33), and Frontiers in Psychology (30). The
eleven journals listed in Table 1 are highly productive journals
of organizational resilience research.

F. HIGH-YIELD AUTHORS
Table 2 shows that the top ten high-yield authors primarily
come from the United States, Iran, China, Spain, Canada,
England, Israel, Australia and Brazil. Importantly, there
are cooperative relationships among these authors, such as
Luthans F and Avey J. However, it is impossible to present
these relationships in the table.

IV. VISUALIZATION SCIENTOMETRIC ANALYSIS
A. CO-CITATION ANALYSIS
A co-citation relationship occurs when two or more arti-
cles, authors, or journals appear in a third bibliography [31].
Co-citation analysis by CiteSpace provides software for
building professional structures or maps, monitoring the
development trends of scientific fields, and evaluating the
extent of the interrelationships between professions. Eval-
uating these relationships mainly involves three types of
co-citation analysis: co-cited authors, co-cited journals, and
co-cited documents [32], [33].

1) AUTHOR CO-CITATION
The development and improvement of research on organi-
zational resilience mainly depend on the consociation of
researchers in related fields. In a co-cited author network,
a knowledge mapping analysis of coauthors can visualize
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TABLE 1. High-yield journals in organizational resilience from 1990–2022.

TABLE 2. High-yield authors in the field of organizational resilience from 1990–2022.

the data of influential authors in different fields. In addition,
an author co-citation analysis can be used to determine the
distribution of highly cited authors. Moreover, the relative
influence of scholars is confirmed by degree centrality and
betweenness centrality. Degree centrality is the most direct
measure of node centrality in network analysis. The greater
the degree of a node is, the higher the degree centrality
of the node is and the more important the node is in the
network. Betweenness centrality is used to identify and mea-
sure the importance of the literature, and literature with

high betweenness centrality is often a key pivot connecting
two different fields, also referred to as a turning point in
CiteSpace. Thus, boundary spanning potential can be iden-
tified [34]. In the author co-citation network, the node size
represents the co-citation frequency of each author, and the
links indicate the indirect collaborative relationship based
on their author co-citation frequency. Nodes with purple
rings indicate betweenness centrality greater than 0.1, and
the coarser the purple rings are, the more important the
nodes are. Figure 6 presents the author co-citation network
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FIGURE 6. Author co-citation network.

that contributes to organizational resilience research, which
includes 540 nodes and 913 co-citation links. The selection
criteria are the top 50 per slice, and the largest subnetwork
includes 447 nodes, which accounts for 82% of the whole,
to ensure that the generated author co-citation network is
comprehensive. Density represents the density of the net-
work, meaning the ‘‘actual number of relationships’’ divided
by the ‘‘theoretical maximum number of relationships’’ in the
network. It reflects the closeness of the overall cooperation
of the researchers [35]. The network density of the author co-
citation network is 0.0063, which explains why the coopera-
tion degree of the entire author co-citation network is at the
medium level.

Table 3 lists the top 10 cited authors and those with the
highest centrality according to the citation frequency of arti-
cles in organizational resilience. As shown in Table 3, the
most cited author is Van D (412), and the other top 9 cited
authors are Weick K (344), Holing C (271), Luthans F (256),
Folke C (238), Hollnagel E (200), Lengnick-hall C (186),
Walker B (185), Posdaskoff P (183), and Masten A (182).
In addition, the three cited authors with the highest centrality
are Weick K (0.24), Holing C (0.21), and Van D (0.18),
indicating that these authors are key nodes in the field of orga-
nizational resilience research and play a role of high linkage.
Moreover, the four authors with a high degree of centrality
are Weick K (30), Quinn (23), Holing C (22), and Luthans F
(22), which indicates that these authors are important nodes
in the co-cited authors network in the field of organizational
resilience.

As mentioned above, the outcomes of the co-cited author
analysis in the field of organizational resilience not only
increase the knowledge of this research but also help us
identify the influential authors in each area of organizational
resilience research.

2) JOURNAL CO-CITATIONS
When at least one article from both journals is listed in
the reference list of cited articles, both journals are co-cited
together [36]. A journal co-citation analysis can confirm the
core or edge position of journals in a discipline and help study
the structure of academic fields with academic journals as

TABLE 3. Top 10 and high-centrality cited authors in organizational
resilience.

FIGURE 7. Journal co-citation network.

the means of communication [37]. In a journal co-citation
network, the nodes represent journals, the links represent
co-cited journal relationships, the size of the nodes repre-
sents the number of citations of a journal, and the distance
between nodes represents the journal co-citation frequency.
The network in Figure 7 contains 406 nodes and 803 links.
The selection criteria are the top 50 per slice, and the largest
subnetwork includes 337 nodes, accounting for 83% of the
whole. In addition, the network density of the journal co-
citation network is 0.0098. As analyzed above, the gener-
ated journal co-citation network is comprehensive, and the
co-citation relationship of journals is strong.

Table 4 lists the top 10 journals with high centrality cited by
the citation frequency of articles in organizational resilience.
As shown in Table 4, the journals with the highest citation
frequency, centrality, and impact factor are the Academy
of Management Review (frequency 594, centrality 0.18,
IF 12.638), Administrative ScienceQuarterly (frequency 529,
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TABLE 4. Top 10 and high centrality cited journals of organizational resilience.

centrality 0.24, IF 11.113), and Science (frequency 451, cen-
trality 0.12, IF 47.728). In addition, the Harvard Business
Review (6.870) andOrganization Science (5.000) have higher
centrality, and all the journals are cited more than 400 times.

As discussed above, the journal co-citation analysis pro-
vides the distribution of the sources of critical knowledge
in organizational resilience, which could help us identify
the journals that are cited and determine the core journals
and the connections between them. At the same time, the
results of the journal co-citation network reveal the strong
interdisciplinary characteristic of organizational resilience.

3) DOCUMENT CO-CITATIONS
Documents are repositories of critical knowledge. If two
(or more) documents are cited by one or more subsequent
documents at the same time, then the two documents have a
co-citation relationship [38]. Through document co-citation
analysis, we can objectively explore the underlying knowl-
edge base of a research field and its knowledge structure
and evolutionary path [39], [40]. In the document co-citation
network, the nodes that represent cited documents were
marked with the first author and the year of publication when
there were more than 15 cited counts. The links indicate
the co-citation relationship between these documents. The
node size shows the importance of a document, and the
distance between nodes signifies the citation frequency of
the document. When the distance between nodes is smaller,
the co-citation frequency is higher, and the research topics
are more similar [27]. The network in Figure 8 contains
1023 nodes and 1146 links. The selection criteria are the
top 50 per slice; the largest subnetwork includes 783 nodes,

accounting for 76% of the whole; and the network density is
0.0022.

The top 10 cited documents are listed in Table 5;
from the citation count, Linnenluecke, Williams et al., and
Annarelli are the top three cited articles. These articles have
been widely recognized by peers and have high value in
organizational resilience research. Linnenluecke identified
five research streams—organizational responses to external
threats, organizational reliability, employee advantages, the
adaptability of business models, and supply chain design
principles to reduce vulnerability—and noted that they define
‘‘resilience’’ differently [16]. Williams et al. [17] discussed
the resilience implications of studies of crisis and developed
an integrative framework to understand and explain the inter-
action between crisis and resilience in a dynamic process,
including capabilities for durability, organizing and adjust-
ing, responses to disturbances, and a feedback loop from
experiences. Combining with Table 3, it can be seen that the
articles of Van D and Lengnick-hall C are also of high value.
These two authors not only appear in the top 10 and high-
centrality cited authors in organizational resilience (Table 3),
but their articles also appear in the top 10 co-cited documents
in organizational resilience (Table 5) shows that these two
papers have important positions in their fields.

The documents in organizational resilience with a central-
ity greater than 0.10 are listed in Table 6. They establish
relationships between unrelated nodes and play an impor-
tant role in the structure. Based on centrality, articles by
Youssef C (2007) centrality 0.14, Linnenluecke M (2010)
centrality 0.13, and Avey J et al. (2011) centrality 0.11 are
the top three. These articles are critical nodes in the doc-
ument co-citation network and play an intermediary role.
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TABLE 5. Top 10 co-cited documents in organizational resilience.

FIGURE 8. Document co-citation network.

The node of Youssef C (2007) has a relatively high citation
frequency (14) and the highest (0.14) centrality; he discusses
the impact on employees of three important psychologi-
cal resource competencies—hope, optimism and resilience—
and notes that these three competencies are associated with
job outcomes [41]. Linnenluecke M (2017) appears in both
Tables 5 and Table 6, with the highest count of co-citations
(85) and a centrality with 0.1, indicating the importance of
this paper. These higher-centrality co-cited documents consti-
tute the knowledge base of organizational resilience research.

The co-citation clustering formed by the relationships
among multiple articles reflects common research directions
and focal issues [42]. A clustering analysis can divide a
large amount of research data into different units according
to the relative correlation degree of terms to identify the
research topics, research trends, and their relationships in a
research field [18]. The quality of clustering is measured by
the modularity Q value and the mean silhouette S value. The
modularity Q value measures the extent to which a network

FIGURE 9. Document co-citation clustering network.

can be divided into independent blocks. The mean silhouette
S value is a measure of network homogeneity [18]. When
these values are close to 1.0, the overall clarity of the con-
figuration is high [43]. A clustering analysis was performed
on the co-citation network of the documents; the modularity
Q value is equal to 0.8405, and the mean silhouette S value
is equal to 0.9486. According to Chaomei Chen, Q>0.3 is
considered significant, and S>0.7 indicates that the cluster-
ing label is highly reliable [18]. Therefore, our clustering
network is significant, and the clustering label is highly reli-
able. In this research, 20 co-citation clusters were identified
through the log-likelihood rate (LLR) algorithm because the
LLR algorithm has high quality, high intraclass similarity, and
low interclass similarity. The document co-citation clustering
network is shown in Figure 9.

The LLR algorithm generates clustering labels based
on the uniqueness and coverage of the keywords of the
documents in each cluster. Quality depends on the variety,
breadth, and depth of keywords in articles, and the labels are
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TABLE 6. Higher-centrality documents in organizational resilience.

the focus of each cluster [18]. The top 20 largest co-cited
document clusters are listed in Table 7, which reveals the
intellectual structure of organizational resilience. Notably,
each significant group has representative literature, which
is the most frequently cited article. Therefore, we focus on
what this article represents [44]. In this research, generating
a cluster tag indicates the main research topic in the field
of organizational resilience, and it can fall into four rough
classes: resilience of different research objects (#1, #2, #3,
#5, #9, #10, and #20), psychological resilience (#0, #11, #14,
and #15), disaster recovery (#6, #7, and #17), and significant
terms in organizational resilience (#12, #13, and #16).

First, for the resilience of different research objects,
the objects selected in the literature include employee
resilience [45], supply chain resilience [46], engineering
resilience [47], ecological system resilience [48], and small
business enterprise (SME) resilience [49]. Second, research
on psychological resilience mainly involves psychologi-
cal capital [50], influencing factors of psychological capi-
tal [51], [52], burnout, and psychological resilience [53], [54].
Third, regarding disaster recovery, Francis and Bekera pro-
posed a resilience analysis framework and identified eco-
logical versus engineered resilience for engineering and
infrastructure [55]. Wang et al. [56] proposed service out-
sourcing and disaster response methods in the relief supply
chain. In the future, the impact of a ‘‘black swan event’’
on organizational resilience needs to be further strengthened.
Finally, the significant term organizational resilience, which
presents the research area and literature branches of organi-
zational resilience, makes it easier for other researchers to
review noteworthy results of relevant research and expand
their research directions. Notably, an increasing number of

researchers are focusing on organizational resilience; for
example, Linnenluecke reviewed resilience in business and
management [16], and Ortiz-de-Mandojana and Bansal [57]
pointed out that sustainable business practices could promote
the long-term benefits of organizational resilience. In addi-
tion, at a time of great uncertainty and amid the social,
economic, and political crises caused by the COVID-19 pan-
demic, some scholars have explored organizational resilience
from different perspectives. For example, Orchiston et al.
explored organizational resilience in the tourism sector [58];
Sawalha [59] identified potential objectives, elements, and
practices of organizational resiliencewithin insurance organi-
zations; Bento et al. [60] described organizational resilience
in the oil and gas industry; and Annarelli et al. [61] built
a framework to evaluate organizational resilience within the
service industry.

B. COLLABORATION NETWORK
Scientific collaboration occurs when different authors, insti-
tutions, or countries appear in a paper, and the network
formed by the partnership is the scientific collaboration
network [62]. Collaboration network analysis is critical to
understand scholarly development trends and cooperative
relationships and identify influential authors and institu-
tions [26]. This study analyzes the country collaboration
network, institutions’ collaboration networks, and authorship
collaboration networks.

1) NETWORK OF COUNTRY/REGION COLLABORATIONS
The country collaboration network consisted of 71 nodes and
323 links for the 1990-2022 study, as indicated in Figure 10.
In the country collaboration network, 32 countries were
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TABLE 7. Top 20 co-cited document clusters in organizational resilience.

identified through relative contributions (more than thirty
papers) to the field of organizational resilience research. The
countries/regions with the most published articles included
the United States (1134 papers, 0.26), England (392 papers,
0.14), Australia (293 papers, 0.14), China (251 papers, 0.06),
Canada (245 papers, 0.06), and Germany (197 papers, 0.13).
These top six countries are considered core nodes in the
national cooperation network from which to build links to
other nodes.

The outputs show that the United States was the first coun-
try in which researchers focused on the area of organizational
resilience. Moreover, it was the main contributor to the study
of organizational resilience, in which researchers published
1134 articles, and established contact with other countries
began in 1998. The centrality of the United States is 0.26
(ranked first) in the country collaboration network, which
indicates that the cooperation between the United States and
other countries in the field of organizational resilience is

FIGURE 10. Country/region collaboration network related to the
organizational resilience literature.

strong. In contrast, although researchers in Australia, Eng-
land, and Germany published few articles, their centrality is
high, which indicates that European countries play a critical
role in building connections with other countries according
to their centrality, particularly England (392 articles, 0.14)
and Germany (197 articles, 0.13). In addition, Australia has
high centrality and has been cooperating with other countries
since 2006.

2) NETWORK OF INSTITUTION COLLABORATION
Analysis of the institutional cooperation network is helpful
to identify the relationships between institutions in organiza-
tional resilience research and its impact. In the collaborative
network, the node size represents the number of articles
published by the related institution.

The institutional collaboration network generated
391 nodes and 360 links from 1990-2022, as shown in
Figure 11. With ten articles used as the threshold, 37 research
institutions are included. The top 10 institutions are Uni-
versity of Queensland (34), Arizona State University (30),
Monash University (24), University of Michigan (22), Uni-
versity of Oxford (20), University of Toronto (19), University
of Canterbury (18), University of Washington (18), Stanford
University (17), StockholmUniversity (16), andUniversity of
California, Berkeley (16). In terms of the number of articles
published from institutions, the University of Queensland,
closely followed by Arizona State University and Monash
University, is the greatest contributor and leader in organi-
zational resilience research. As a result, the output of these
institutions in organizational resilience is unique. At the
same time, from the national perspective, US institutions
account for 45% of the top 10 institutions. Australia is the
next country in terms of top institutions, with the University
of Queensland ranking first and Monash University ranking
third, and these institutions have many connections with oth-
ers, which reflects more cooperation with other institutions.
This result echoes network of country/region collaborations,
inwhich theUnited States andAustralia have a high centrality
(Figure 10).
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FIGURE 11. Institution collaboration network related to the
organizational resilience literature.

3) NETWORK OF AUTHORSHIP COLLABORATION
Research collaboration provides scientists with a way to
acquire expertise, access scientific resources and establish
academic communication networks among the elite of the
scientific community [63]. The authorship collaboration
network identified the influential authors by analyzing a
knowledge graph of authorship. CiteSpace III can gener-
ate authorship collaboration networks by selecting analysis
data, setting appropriate thresholds, and excluding isolated
nodes. The authorship collaboration networks in organiza-
tional reliance research consist of 756 nodes and 608 links
(Figure 12). Due to a large number of nodes, connections, and
small team collaboration networks, the top 20 cooperation
networks are selected for display in this study. The node
size indicates the number of papers published by the author,
and the distance between the nodes and the thickness of the
links indicate the level of cooperation between authors [30].
The authors with the most publications are Fred and James,
who have published eight papers. In Figure 12, the nodes
are connected to form several relatively independent small
authorship collaboration networks, indicating that there are
usually fixed teams of cooperation here. There are connec-
tions between authors, showing cooperative relationships,
while collaboration networks are relatively independent and

FIGURE 12. Authorship collaboration network related to the
organizational resilience literature.

FIGURE 13. Keyword co-occurrence network related to organizational
resilience research.

closed, lacking cooperation with others. The connection den-
sity of the authorship collaboration network is 0.0021, which
explains why the cooperation degree of the whole authorship
collaboration network is low.

C. EMERGING RESEARCH TRENDS
Keywords summarize the articles’ core ideas and areas
of concern and facilitate understanding of the research
papers [64]. Therefore, the evolution of popular research
topics and emerging trends in organizational resilience
research can be illuminated by analyzing keywords with co-
occurrence, clustering, time zones and bursts, subjects with
co-occurrence, and time zones.

1) POPULAR RESEARCH TOPICS
Through the co-occurrence and cluster analysis of keywords,
we can determine the popular research topics and iden-
tify their research paradigm [65]. The network of keyword
co-occurrence contains 216 nodes and 663 links. The selec-
tion criteria are the top 50 per slice; the largest subnetwork
includes 214 nodes, accounting for 99% of the whole; and the
network density is 0.0286. The whole keyword co-occurrence
network shows central convergence and peripheral diver-
gence and is connected to the surrounding nodes. The larger
the nodes are, the more times the keyword appears in the
co-occurrence network. The descending order of the co-
occurrence network of organizational resilience is resilience
(399, 2004), management (323, 2006), performance (304,
2006), impact (258, 2006), model (197, 2003), framework
(179, 2012), system (159, 2008), organization (156, 2000),
organizational resilience (155, 2011), and risk (139, 2010).

We construct a keyword clustering network in orga-
nizational resilience research according to the log-
likelihood ratio, as shown in Figure 14. The modularity
Q=0.4407>0.3 indicates that the results are significant, and
S=0.7635>0.7 indicates that the clustering label is highly
reliable. Figure 14 shows the clustering results, indicating
that organizational resilience-related studies have formed
distinct factions according to different research contents,
methods, perspectives, and objects. The research objects and
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TABLE 8. Keyword co-occurrence clustering report.

FIGURE 14. Keyword co-occurrence clustering network related to
organizational resilience research.

contents of each fraction both overlap and are different from
each other. Through the co-citation literature clustering and
keyword clustering of organizational resilience, the research
focus of organizational resilience can be sorted into four
aspects—the research background, research object, research
method, and research topic—and the keyword co-occurrence
clustering report is presented in Table 8.
Aspect 1 (Research Background): Research in organiza-

tional resilience is carried out in the context of uncertainty,
such as climate change, vulnerability, crisis, risk, and adverse
events. These uncertain events create significant shocks to
and challenges for organizations, forcing them to build
resilience to cope with disruption. Bethune et al. [66] noted
that as risks at the local, national, and international levels are
increasingly systemic and unpredictable, destinations need
enhanced resilience for faster recovery and development.

In addition, the context of COVID-19 forces scholars to
actively explore the way of survival of organizations, and
provide some roles, influences and suggestions for the orga-
nization and management of COVID-19. In the context of
COVID-19, Rai et al. [2] established a resilience framework

capable of sustaining social and economic value, identifying
special social and economic sustainability structures from
an organizational perspective. Khlystova et al. [3] identified
the fundamental conditions for the entrepreneurial industry
to survive and adapt to the COVID-19 epidemic, namely
the adaptation and use of digital capabilities by the creative
subsector. Albott et al. [67] outlined potential psychological
stress responses of healthcare providers to the COVID-19
crisis in the context of the COVID-19 pandemic and described
resilience promotion strategies at the organizational and indi-
vidual levels.
Aspect 2 (Research Objects): The research objects of

organizational resilience include supply chain resilience,
community resilience, engineering resilience, organizational
resilience of SMEs, and employee resilience.

Supply chain resilience is more associated with risk man-
agement, and scholars have explored ways to reduce supply
chain reactions or recover quickly after disruptions [68].
Jain et al. [69] developed a framework model and identified
13 key factors of supply chain resilience. With technology
advancing and the approach to supply chain management
shifting from traditional to digital, Khan et al. [70] identi-
fied 15 key factors of digital supply chains and determined
their direct and indirect impacts on digital supply chains.
Ivanov [71] stated that technologies such as big data analytics,
artificial intelligence, and blockchain have been used in sup-
ply chain resilience. By developing conceptual guidelines for
digital supply chain management and leveraging technology,
establishing and leveraging end-to-end visibility can improve
supply chain resilience.

Regarding community resilience, its influencing factors
have been a focus of study. Cimellaro et al. [72] proposed
a holistic framework for assessing community resilience and
identified sevenmeasures of it. Bakker et al. [73] explored the
relationship between social capital and community resilience
in fishing communities, noting that different forms of social
capital, bonding, bridging or linking, are seen as assets that
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enhance community resilience. Balaei et al. [74] constructed
a comprehensive resilience model for community water sys-
tems and identified important social factors that affect water
supply resilience.

Engineering resilience has been studied mainly in the field
of safety. In high-risk environments where keeping systems
secure is critical, resilience engineering is an alternative to
traditional security management that can improve an orga-
nization’s resilience in identifying, adapting and absorbing
disruptions [47]. Azadeh et al. [75] found that awareness,
preparedness and flexibility are the most important factors
in engineering resilience in petrochemical plants. Salehi and
Veitch [76] analyzed the factors in developing the adaptive
capacity of organizational resilience at different levels of
management, providing ideas and methods for improving the
safety profile of complex systems.

The study of SME resilience is an extension of that of
the organizational resilience of firms. Due to SMEs’ disad-
vantages in terms of resources and capabilities, they operate
with significant risks. Iborra et al. [77] suggested that SMEs
can cope with the changing environment through ambidex-
terity capability and strategic consistency. In a subsequent
study [78], they explored the relationship between strategic
consistency in ambidexterity and the resilience outcomes of
SMEs after stressful and disruptive events, noting an inverted
U-shaped relationship between the two.

Employee resilience has been the focus of organizational
resilience research due to the range of problems faced by
employees in organizations, such as low job satisfaction and
burnout. In an early study, Luthans et al. [79] introduced
resilience into the field of organizational behavior as part
of psychological capital. Amid the COVID-19 epidemic, the
issue of the mental health of health care workers has received
greater attention, and in this context, Albott et al. [67] pro-
posed ways to enhance the resilience of health care workers
at the organizational and individual levels.
Aspect 3 (Research Methods): The research methods in

organizational resilience mainly include scale measurement
and structural equation modeling (SEM), regression analy-
sis, and the network structure of organizational resilience
(topological structure and small world). Measuring organi-
zational resilience has been a key concern for scholars, and
thus, developing scales of organizational resilience is a com-
mon research method. SEM is often used in the analysis
of outcomes to explore the relationship between factors and
organizational resilience. Feng and Trinh [80] used SEM to
analyze the drivers of a resilient safety culture in a built
environment. The use of regression analysis to explore the
effects between organizational resilience and factors and the
interaction effects is also a common approach. Moran [81]
used multiple regression analysis to investigate the direct and
interaction effects among organizational decline, organiza-
tional rigidity response, organizational resilience response
and institutional effectiveness.
Aspect 4 (Research Topics): Organizational resilience

research mainly includes the evaluation dimensions of

organizational resilience (organizational performance,
resilience, sustainability, dynamic capabilities), the impact
of organizational behavior on resilience (strategy organi-
zation, organizational change), and the influencing factors
of employee resilience (psychological capital, optimism,
burnout, self-efficacy).

The evaluation dimensions of organizational resilience
cover multiple perspectives, such as the outcome perspective
and the capability perspective. Organizational performance
is evaluated based on the outcome perspective. Lv et al. [82]
argued that resilient organizations are able to achieve high
levels of performance growth and low levels of finan-
cial volatility in the long term; thus, they used long-term
growth and financial volatility to measure organizational
resilience. Dynamic capability, on the other hand, is an
evaluation based on a capability perspective, which argues
that resilient organizations need to have certain capabili-
ties. Duchek [7] argued that organizational resilience is an
organization’s ability to anticipate potential threats, respond
effectively to adverse events, and adapt to changing con-
ditions. Kantu and Say [83] developed a scale to measure
organizational resilience in terms of robustness, agility and
integrity.

The influence of organizational behavior on organizational
resilience is mainly reflected in organizational strategy and
organizational change. Organizational resilience has attracted
a great deal of attention from management and strategy
scholars, and thus, they have taken an alternative approach
(different from the individual-level studies) to explore the
factors influencing organizational resilience at the organiza-
tional level (especially at the level of organizational strategy).
Carmeli and Markman [84] identified two factors that are
important for organizational resilience: capture and gover-
nance. Capture strategy is related to market expansion, while
governance strategy refers to an organization’s ability to
assimilate, retain, defend, and increase its dominance in an
annexed market.

2) RESEARCH FRONTIERS
Price first proposed the idea of the research frontier,
which reveals the nature of evolutionary dynamics in the
research field. Chen defined a group of burst concepts or
research problems in a specific field as a research frontier.
‘‘Burst’’ refers to the surge in the frequency of terms, key-
words, or cited literature within a certain period, which is
shown by the burst rate [55]. We generated a keyword co-
occurrence time zone network, shown in Figure 15, which
arranges keywords by the peak time of occurrence. Figure 15
shows that the word ‘‘resilience’’ first appeared in 2004.
From 2004-2010, the keywords that appeared the most
were ‘‘resilience,’’ ‘‘knowledge,’’ ‘‘management,’’ ‘‘perfor-
mance,’’ ‘‘stress,’’ ‘‘impact,’’ ‘‘risk,’’ and ‘‘climate change;’’
these were the initial focus of organizational resilience
research. From 2011-2015, the keywords that appeared the
most frequently were ‘‘organizational resilience,’’ ‘‘sustain-
ability,’’ ‘‘adaptation,’’ ‘‘framework,’’ ‘‘crisis,’’ ‘‘challenge’’
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FIGURE 15. Keyword co-occurrence time zone network.

and community resilience.’’ From 2016-2022, the most fre-
quently occurring keywords were ‘‘innovation,’’ ‘‘dynamic
capability,’’ ‘‘supply chain resilience,’’ ‘‘COVID-19 pan-
demic,’’ ‘‘capability,’’ ‘‘disaster resilience,’’ and ‘‘psycholog-
ical resilience,’’ and it is seen that organizational resilience in
recent years mainly focuses on supply chain resilience, cri-
sis management, organizational resilience and psychological
resilience caused by COVID-19.

The top 30 keywords with citation bursts are shown in
Figure 16. Considering the burst strength and its corre-
sponding red lines, the evolution of research frontiers is
shown below. ¬ From 2000-2010, the keyword with the
highest bursts is ‘‘organization’’ [85].  From 2006-2017,
the keywords with the highest bursts are ‘‘social ecological
system’’ [86], ‘‘dynamics’’ [87], ‘‘life’’ [88], ‘‘hope’’ [89],
‘‘response’’ [90], and ‘‘vulnerability’’ [91]. These find-
ings show that scholars were focused on the concepts of
social ecosystems and service ecosystems based on ear-
lier research. At the same time, the term ‘‘resilience’’ was
introduced into the field of organizational behavior. The

FIGURE 16. Top 30 keywords with citation bursts.

research topics include psychological capital, such as life
and hope, and provide a research framework for organi-
zational resilience. ® From 2014-2019, the keywords with
the highest bursts are ‘‘psychological capital’’ [92], ‘‘posi-
tive organizational behavior’’ [92], ‘‘attitude’’ [93], ‘‘imple-
mentation’’ [94] and ‘‘engagement’’ [95], which indicates
that scholars’ research perspective gradually shifted from
the meso to the micro, including organizational psychol-
ogy and employee resilience. From a research perspective,
microlevel research on employee resilience is gradually gain-
ing attention. Bustinza et al. [96] reinforced the importance
of human resource practices (HRPs) in building organiza-
tional resilience. Cooke et al. [97] considered employee
resilience as a set of skills and attributes that can be devel-
oped through the effective use of high-performance work sys-
tems (HPWSs) to benefit both individuals and organizations.
¯ From 2018-2022, the keywords with the highest bursts
are ‘‘city’’ [98], ‘‘community resilience’’ [72], ‘‘risk man-
agement’’ [99] ‘‘supply chain resilience’’ [100] ‘‘dynamic
capability’’ [101] and ‘‘moderating role’’ [96]. With the
development of digital technology, Dubey et al. [100] pro-
posed applying blockchain technology to the disaster relief
supply chain system to improve the resilience and trans-
parency of its suppliers. Scholars in this period focused on
risk management, responding to emergent risks and chal-
lenges by shaping urban resilience, supply chain resilience,
and community resilience.

3) CO-OCCURRING SUBJECT CATEGORY
Co-occurrence analysis reveals the relationship between the
co-occurrence feature items using the degree of correlation
among them [102]. Through the co-occurrence analysis of
the subject category, we could obtain the cross-relationships
between disciplines and the subjects in organizational
resilience. In a network of cooccurring subject categories, the
node size represents the number of publications that belong
to the subject. The thickness of the line is determined by the
co-occurrence strength; if the link between the two nodes is
thick, the co-occurrence intensity between the two subjects is
relatively high.

The network of cooccurring subject categories in the
field of organizational resilience consists of 213 nodes and
1055 links (presented in Figure 17). With 170 articles as the
threshold displayed in the network, 15 cooccurring subjects
are included, namely, social science (969); business and eco-
nomics (744); engineering (562); environmental sciences &
ecology (552); management (463); computer science (363);
psychology (357); humanities (CPCI-SSH) (272); science
and technology—other topics (257); environmental sciences
(236); public, environmental & occupational health (234);
business (224); engineering, industry (186); green & sustain-
able science & technology (176); and social sciences—other
topics (172). Thus, organizational resilience has been applied
to a variety of interrelated disciplines. For example, Steen
and Aven [47] applied resilience to engineering industry,
Ortiz-de-Mandojana and Bansal [57] explored the application
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FIGURE 17. Cooccurring subject category map related to the
organizational resilience literature.

of organizational resilience in business and economics, and
Albot et al. [67] explored the application of resilience in
occupational health.

The time zone view of a subject category in organiza-
tional resilience is presented in Figure 18. Over time, the
published fields have shown different changes because of
diverse concerns among researchers who published articles.
The subject category can be divided into three distinct stages
over time. From 1998-2000, which constituted the initial
stage, the research focused on business and economics, envi-
ronmental sciences & ecology, management, and psychology.
From 2002-2008, the research concentrated on social sci-
ence; engineering; computer science; humanities; business;
environmental sciences; and public, environmental & occu-
pational health. Finally, from 2010-2013, the research areas
were engineering industrial, green & sustainable science &
technology, and social science—other topics.

FIGURE 18. Time zone view of the subject categories.

V. RESEARCH CONCLUSIONS AND FUTURE
RESEARCH OUTLOOK
A. RESEARCH CONCLUSIONS
Based on the analyses of the descriptive statistics, co-
citations, collaboration networks, and emerging research
trends in the previous part of the paper, we can draw the
following conclusions.

Regarding contributions to the organizational resilience
research, from a micro (author)-perspective, the high-yield

authors are Luthans F, Azadeh A, and Avey J, while the
most frequently cited authors are Van D, Weick K, Holing C,
Luthans F, and Folke C. Thus, Luthans F is both a high-yield
and a highly-cited author. From a meso (institutional)-
perspective, the key research mainly comes from universities,
and the University of Queensland, Arizona State University,
Monash University, and the University of Michigan are high-
yield institutions in these fields. From a macro (country)-
perspective, the United States, England, and Australia have
high-yielding institutions in the field. The United States has a
high number of publications and high centrality in the country
cooperation network, and England and Australia have high
centrality.

Regarding the core journals, high-yielding journals include
Sustainability, the International Journal of Environmental
Research and Public Health, and Safety Science. At the same
time, highly cited journals are the Academy of Management
Review, Administrative Science Quarterly, and Science; most
of these have high quality and are sources of knowledge for
the study of organizational resilience.

The subject field distribution mainly focuses on man-
agement, environmental sciences, environmental studies,
business, and public environmental occupational health.
Through the co-occurrence analysis of the subject category,
we obtained the cross-relationships between disciplines and
the subjects in organizational resilience. The most pub-
lished papers are on subjects in social science, business and
economics, engineering, environmental sciences & ecology,
management and so forth. The cooccurring subject category
in the field of organizational resilience includes social sci-
ence, business and economics, engineering, environmental
sciences & ecology, management, and so forth. However, the
subjects of economics, environmental sciences & ecology,
management, and psychology were early disciplines in which
organizational resilience researchwas carried out, which indi-
cates the strength of organizational resilience research.

The research clustering is mainly reflected in the following
aspects: different research objects (employee resilience, sup-
ply chain resilience, engineering resilience, ecological sys-
tem resilience, and SME resilience), psychological resilience
(psychological capital, influencing factors of psychologi-
cal capital, burnout, and psychological resilience), disaster
recovery (recovery of engineering or infrastructure from a
disaster), and significant terms in organizational resilience
(organizational resilience research in the face of great uncer-
tainty and social, economic and political crises caused by the
COVID-19 pandemic). A regular knowledge base has been
established in these areas of study. Overall, the organizational
resilience knowledge structure has been scaled.

Regarding popular research topics, the following were
found: ‘‘research background (climate change, vulnerabil-
ity, crisis, risk, and adverse events),’’ ‘‘research object
(supply chain resilience, community resilience, engineering
resilience, organizational resilience of SMEs, and employee
resilience), ‘‘research method (scale measurement and SEM,
regression analysis, and social network)’’ and ‘‘research topic
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(evaluation dimensions, organizational resilience, and the
influencing factors in organizational resilience).’’

The latest research frontiers mainly include the application
of blockchain technology to enhance the resilience of supply
chain management, improve urban resilience and increase the
resilience of cities and communities to crises.

In the current context ofmore uncertainty and emergencies,
the study of organizational resilience has unique significance
for organizations. This study provides valuable insights for
organizational resilience researchers to understand the cur-
rent state of research and trends in organizational resilience
through a visual analysis of research in the field from
1990-2022. First, this study reveals the research strengths
(individual, institute, and country/region) in organiza-
tional resilience, providing valuable information for
cross-institutional and cross-regional research. Second,
it clarifies the distribution of journals and subject cate-
gories in organizational resilience research, providing valu-
able information for the development of interdisciplinary
organizational resilience research. Furthermore, this study
explores the knowledge structure of the field and further
reveals the knowledge base and research themes in it. Finally,
this study discusses popular research topics and frontier areas
of organizational resilience, providing new ideas for future
research directions in the field. Of course, organizational
resilience research cannot develop without the joint efforts
of Chinese and foreign researchers.

B. MANAGERIAL IMPLICATIONS
By quantitatively analyzing the literature published from
1990-2022 related to organizational resilience, this study
dynamically demonstrates the evolutionary and frontier
hotspots of organizational resilience research. Although
research in this area has received widespread attention from
scholars, its theoretical development is still immature, and the
results of this study provide several reference directions for
future organizational resilience studies.

1) ENHANCING COLLABORATIVE RELATIONSHIPS AND
INTEGRATING ACADEMIC RESOURCES
From the perspective of collaborative relationships in organi-
zational resilience research, the overall collaboration among
authors is low, with strong collaboration within teams and
weak collaboration among them. In terms of geographical
distribution, the core research on organizational resilience is
mainly concentrated in the United States, the United King-
dom, and Australia. Therefore, in the future, we should pro-
mote multifaceted cooperation among authors and countries
to enhance the overall and systematic nature of organizational
resilience research and promote its development.

2) IN-DEPTH EXPLORATION OF THE INFLUENCING
MECHANISM OF ORGANIZATIONAL RESILIENCE
Contexts such as disasters and crises have created more
challenges for organizations, and organizations urgently
need to enhance their resilience to cope with risks. Future

research should explore the paths of organizational resilience
enhancement in depth, as well as the impact mecha-
nisms of different antecedent conditions on organizational
resilience. Existing literature pays more attention to the
micro (organization members) and meso (organization itself)
level factors, and less attention to the macro (external
environment) level; such as how policies, regulations, and
institutional environment affect organizational resilience.
In the future, the external macro environment factors can be
considered.

3) DEEPENING THE RESEARCH METHODOLOGY OF
ORGANIZATIONAL RESILIENCE
Although organizational resilience theory has received
widespread attention from scholars since its emergence, there
are relatively few empirical studies, and the methods used are
relatively homogeneous, mostly exploring the ‘‘net effect’’ of
a single factor on organizational resilience. Since the forma-
tion of organizational resilience is a complex and nonlinear
process, many factors affect it simultaneously and often in a
competitive manner; thus, the impact of individual variables
on organizational resilience is very limited. Other research
methods on organizational resilience, such as the qualitative
comparative analysis method, can be further examined to
explore the causal relationships between the combination of
different variables and organizational resilience. Therefore,
different research methods can be used to explore organiza-
tional resilience in the future.

4) CULTURAL INTEGRATION
The development of organizational resilience is inseparable
from the national institutional environment and cultural back-
ground. Different cultural backgrounds and institutional envi-
ronments have different impacts on organizational resilience.
How to perfectly combine organizational resilience with the
national cultural and institutional environment in a highly
uncertain environment is a major challenge for organiza-
tional resilience research. Therefore, exploring organiza-
tional resilience in different national cultural backgrounds
and institutional environments is an important development
direction.

Despite some meaningful results visualized from publica-
tions related to organizational resilience, this study has some
deficiencies. All the CiteSpace input data were downloaded
from the WOS databases SCIE and SSCI, and > 99% of the
articles were in English, leading to language bias and the
ignoring of other data sources.
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