PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Ryu S, Park I-H, Kim M, Lee Y-R, Lee J,
Kim H, et al. (2021) Network study of responses to
unusualness and psychological stress during the
COVID-19 outbreak in Korea. PLoS ONE 16(2):
20246894. https://doi.org/10.1371/journal.
pone.0246894

Editor: Akihiro Nishi, UCLA Fielding School of
Public Health, UNITED STATES

Received: August 18, 2020
Accepted: January 27, 2021
Published: February 26, 2021

Copyright: © 2021 Ryu et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information
files.

Funding: This research was supported by a grant
of the Korea Health Technology R&D Project
through the Korea Health Industry Development
Institute (KHIDI), funded by the Ministry of Health
& Welfare, Republic of Korea (grant number:
HI19C0481, HC19C0316). The funders had no role
in study design, data collection and analysis,

RESEARCH ARTICLE

Network study of responses to unusualness
and psychological stress during the COVID-19
outbreak in Korea

Seunghyong Ryu®’, In-Hoo Park?, Mina Kim?, Yu-Ri Lee?3, Jonghun Lee*®, Honey Kim',
Min Jhon', Ju-Wan Kim', Ju-Yeon Lee'2, Jae-Min Kim', Sung-Wan Kim'2#

1 Department of Psychiatry, Chonnam National University Medical School, Gwangju, Korea, 2 Gwangju
Mental Health and Welfare Commission, Gwangju, Korea, 3 Department of Social Welfare, Nambu
University, Gwangju, Korea, 4 Daegu Metropolitan Mental Health and Welfare Center, Daegu, Korea,

5 Department of Psychiatry, Catholic University of Daegu, College of Medicine, Daegu, Korea

* swkim@chonnam.ac.kr

Abstract

The dramatic changes in people’s daily lives caused by the 2019 coronavirus (COVID-19)
pandemic have had a huge impact on their emotions and behaviors. This study aimed to
examine psychosocial responses to COVID-19 using network analysis. A total of 1,500
urban residents of South Korea, selected from an online public panel, were surveyed using
self-rating questionnaires addressing daily life changes, fear of infection, and distress
related to COVID-19. Participants also completed a 10-item Perceived Stress Scale survey.
We constructed regularized partial correlation networks, estimated global and local network
metrics, tested network accuracy and stability, and compared the estimated networks
between men and women. The network of the psychosocial responses consisted of 24
nodes that were classified into five groups: ‘fear of infection’, ‘difficulty with outside activi-
ties’, ‘economic loss’, ‘altered eating and sleeping’, and ‘adaptive stress’. The node centrali-
ties indicated that ‘distress in obtaining daily necessities’ and ‘concern about harming
others’ were the most important issues in people’s responses to COVID-19. These nodes
were connected by a negative edge, reflecting individual- and community-level issues,
respectively. The overall level of perceived stress was linked to the network by the connec-
tion node ‘anger toward others or society’, which was associated with economic problems in
men, but with distress from changes in daily activities in women. The results suggest that
two contrasting feelings—personal insecurity regarding basic needs and a collectivistic ori-
entation—play roles in the response to unusual experiences and distress due to COVID-19.
This study also showed that public anger could arise from the psychological stress under
the conditions imposed by COVID-19.
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1. Introduction

The novel coronavirus pandemic, officially designated the coronavirus disease 2019 (COVID-
19) by the World Health Organization, has been a major global health crisis. In South Korea,
the first patient with COVID-19, who flew in from Wuhan, China, was identified on January
20, 2020. Soon thereafter, the number of confirmed patients began to increase rapidly, mainly
in Daegu City and nearby areas, after identification of community spread originating from a
religious cult at the end of February [1,2]. In early April, the number of confirmed cases had
exceeded 10,000 nationwide in South Korea. To date, as of the writing of this work, the case
count continues to increase, albeit more gradually.

In the absence of effective vaccines and treatments, the high infectivity and mortality of
COVID-19 have introduced huge changes to people’s daily lives [3]. The dramatic increase in
the number of patients has resulted in severe shortages of medical resources, personnel, and
supplies [4]. Accordingly, government authorities have had to implement stringent public
health measures to curtail the spread of COVID-19, including quarantining those in close con-
tact with a patient or overseas entrant, restricting public gatherings, shutting down schools,
and requiring mandatory wearing of face masks in public facilities, as well as other social dis-
tancing policies. Some have felt that these measures have violated individual freedoms and
rights, despite their being intended for the collective good [5]. In addition, people are fearful of
contracting COVID-19. In an effort to protect themselves and their families, they often wait in
long lines, while social distancing, to buy face masks. Most have stayed at home unless abso-
lutely necessary (e.g., for work, medical treatment, or supplies). The continuation of this situa-
tion has triggered a global economic downturn, leading to poor company performance,
increased unemployment, and reduced incomes for many [6]. The extent of the damage to
society from COVID-19 has never been seen before. The emotional stress and maladaptive
behaviors of the general population have further revealed and exacerbated existing social and
mental health problems [7-9], while introducing many more.

In the wake of the COVID-19 outbreak, people continue to experience stress in adapting
to the extreme circumstances under pandemic conditions. Some studies have investigated
the impact of COVID-19 on the mental health in the general population and in healthcare
workers [10-12]. However, the results have been limited to describing people’s emotions,
thoughts, and behaviors, separately, with respect to the pandemic. Given that behaviors are
determined by complex interactions between various factors of an individual and others, we
attempted to examine people’s experiences during the COVID-19 outbreak in a more inte-
grated way.

Network analysis is a powerful methodological approach that can be used to estimate
complex patterns of interconnected variables and obtain visual depictions of system-level
relationships [13]. Thus, we aimed to explore the most influential issues affecting people’s
behavioral and psychological changes in response to COVID-19 and delineate how the
unusual experiences associated with the pandemic have added to people’s psychological
burden using network models. To this end, in the present study, we performed network
analyses to explore the interactions between daily life changes, fear of infection, and distress
during the COVID-19 outbreak in South Korea with the aim of examining how unusual
experiences and stress responses have changed people’s lives. Then, we investigated the rela-
tionship between psychosocial responses to COVID-19 and the study participants’ levels of
psychological stress from a network perspective. In addition, considering evidence of sex
differences in the levels of perceived stress [14,15], we compared network model results
between men and women.
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2. Materials and methods
2.1. Participants

Between April 24 and May 5, 2020, the third month of the COVID-19 outbreak in South
Korea, we conducted an online survey of the general population with participant ages ranging
from 19 to 65 years. Three geographic areas were surveyed: the Seoul metropolitan area (Seoul
Capital and Gyeonggi Province around Seoul, N = 500), Daegu City (N = 500), and Gwangju
City (N =500). Participants were recruited using a quota sampling method with identical dis-
tributions of age and gender among these regions. All participants were selected from panels
of an online survey service provider (Macromill Embrain), which has 1,324,315 people avail-
able to take part in surveys, all of whom have individual identification numbers. Participants
can only take part after providing consent for the use of personal information. For this survey,
an email invitation was sent to 4,065 people in the study regions, and participation was volun-
tary. The informed consent form could be accessed by clicking on a link on the survey page.
Following the provision of consent, participants indicated their age and area of residence; if
they met the selection criteria, the survey began. Survey responses could not be reviewed or
changed using the browser’s back button. When a participant clicked the “submit” button on
the final page, the survey was considered complete and could not be repeated. A total of 1,819
people completed the questionnaire; 319 were excluded from the final analysis because they
responded with the same answer option throughout, responded too quickly, or for other rea-
sons. We ultimately obtained data for 1,500 respondents.

This research was reviewed and approved by the Institutional Review Board of Chonnam
National University Hospital (CNUH-2020-092). Electronic informed consent was obtained
from each participant prior to starting the investigation.

2.2. Assessments

We designed three self-rating questionnaires on daily life changes, fear of infection, and dis-
tress related to the COVID-19 outbreak (Table 1). The items were based on the existing litera-
ture and our experience. All items were rated using a Likert scale from 1 (strongly disagree) to
5 (strongly agree). First, participants were asked about changes in their daily life after the
COVID-19 outbreak, which included nine items on questionnaire A: ‘reluctance to use public
transportation (A1), ‘trouble going out (A2),” lower income (A3),” ‘setbacks with personal
schedule (A4),” ‘setbacks with official schedule (A5),” ‘irregular diet (A6),” ‘eating instant food
more often (A7), ‘irregular sleep schedule (A8),” and ‘less exercise time (A9).” Next, they were
asked about their concerns about COVID-19 in nine items on questionnaire B: ‘concern about
being infected (B1),” ‘concern about family being infected (B2),” ‘fear of dying (B3),” ‘concern
about asymptomatic infected people (B4),” ‘concern about being quarantined (B5),” ‘concern
about disclosure of movement (B6),” ‘concern about being blamed by others (B7),” ‘concern
about harming others (B8),” and ‘concern about deteriorating health due to restrictions on
hospital visits (B9).” Finally, they were asked to consider their distress related to COVID-19
across six items on questionnaire C: ‘distress obtaining masks or hand sanitizers (C1),” ‘distress
obtaining daily necessities (C2),” ‘economic stress (C3),” ‘distress from family support (C4),
‘distress from changes in daily activities (C5),” and ‘anger toward others or society (C6).” In
addition, the participants completed the Korean version of the 10-item Perceived Stress Scale
(PSS-10) to assess their perceptions of psychological stress during the COVID-19 outbreak
[16,17]. This scale measured the degree to which life over the past several months during the
COVID-19 pandemic had been experienced as being unpredictable, uncontrollable, and over-
whelming on a 5-point Likert scale. After reversing the scores of the four positively stated
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Table 1. Daily life changes, fear, and distress related to the COVID-19 outbreak in 1,500 Koreans.

Survey items on questionnaires” Score** |  Cronbach’s
alpha
Questionnaire A for daily life changes after the COVID-19 outbreak
Al | I am reluctant to use public transportation to and from school and commuting. 4 (4-5) 0.761
A2 | Because of the fear of infection, I am limited to where I can go when I go out 5 (4-5)
(eating out, movies, shopping, and so forth).
A3 | In the aftermath of COVID-19, I have experienced a loss in income. 3(2-4)
A4 | COVID-19 is disrupting my personal itinerary and planning (travel, vacation, and | 5 (4-5)
so forth).
A5 | COVID-19 is disrupting official schedules and plans (business trips, workshops, 4 (4-5)
exams, classes, and so forth).
A6 | My diet has become irregular since the COVID-19 outbreak. 2 (2-3)
A7 | I eat instant food more often since the COVID-19 outbreak. 3(2-4)
A8 | My sleep schedule has become irregular since the COVID-19 outbreak. 3 (2-4)
A9 | The amount of time I spend exercising has decreased since the COVID-19 4(3-5)
outbreak.
Questionnaire B for fears/concerns about COVID-19
B1 | I am afraid I will get COVID-19. 4 (3-5) 0.881
B2 | I am afraid my family will get COVID-19. 4 (4-5)
B3 | I am afraid my family or I will die from COVID-19. 4(3-4)
B4 | Iam afraid there will be asymptomatic infected people around me. 4(3-4)
B5 | I am afraid I will be quarantined for two weeks on contact with an infected person. | 4 (3-5)
B6 | Iam afraid all of my movements (places/people visited) will be revealed whenIam | 4 (2-4)
confirmed.
B7 | I am afraid I will be blamed by others when I am infected. 4 (3-5)
B8 | I am afraid when I am infected that I will infect others around me. 5 (4-5)
B9 | I am afraid my health will deteriorate due to restrictions on hospital visits. 3(3-4)
Questionnaire C for distress related to the COVID-19 outbreak
C1 | I experience distress from difficulties in obtaining masks or hand sanitizers 3(2-4) 0.788
C2 | I experience distress from difficulties in obtaining daily necessities such as food or | 2 (1-3)
toilet paper
C3 | I am experiencing economic stress (increased economic burden due to less income | 4 (3-4)
or more inflation)
C4 | I am distressed due to family responsibilities (increased family care or parenting 3(2-4)
burden)
C5 | I'am distressed due to changes in daily activities (canceling appointments with 4(3-4)
friends, reducing external activities, and so forth)
C6 | I experience feelings of anger/resentment toward others or society 3(2-4)

*All items on the questionnaires were rated using a 5-point Likert scale (1, strongly disagree; 2, disagree; 3, neutral; 4,
agree; 5, strongly agree).

**Median (interquartile range).

https://doi.org/10.1371/journal.pone.0246894.t001

items, a PSS-10 total score was obtained by summing up all 10 items. A high total score indi-
cates a high level of perceived psychological stress.

2.3. Network construction

All analyses were conducted using R (version 3.6.1, https://www.r-project.org/). First, we
assumed a network of responses to unusualness consisting of the 24 items from the three ques-
tionnaires (A, B, and C) on daily life changes, fear, and distress related to COVID-19
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represented as nodes A1-A9, B1-B9, and C1-C6, respectively, and the associations between
nodes represented as edges. For the edges, we calculated polychoric correlations for each pair
of nodes using ‘cor_auto,” a function of the R package ‘qgraph’ [18], which computes a correla-
tion matrix based on polychoric, polyserial, and Pearson correlations. Then, using the poly-
choric correlations as input, we estimated a regularized partial correlation network via the
Extended Bayesian Information Criterion (EBIC) graphical Least Absolute Shrinkage and
Selection Operator (LASSO), which shrinks edges via regularization and sets very small edges
to zero, producing a sparse and parsimonious network model [19,20]. We carried out this pro-
cess using the R package ‘qgraph’ [18], which automatically implements graphical LASSO reg-
ularization in combination with EBIC model selection. At that time, we set the value of the
hyperparameter vy, which denotes the strength of the EBIC’s preference for sparser models, to
0.5. This reflects a balance between a spurious network (y = 0) and a more parsimonious net-
work (y = 1) [21]. The nodes were positioned using the Fruchterman-Reingold algorithm
[22]. This algorithm calculates the optimal layout for placing nodes with strong connections
close to each other, while placing those with weaker and fewer connections farther apart.

Then, we investigated statistical communities among the 24 nodes using the exploratory
graph analysis (EGA) in the R package ‘EGAnet’ [23], which estimates the number of dimen-
sions or factors using graphical LASSO or a triangulated maximally filtered graph and commu-
nity detection algorithms. We applied the Walktrap algorithm, a node similarity-based
approach, to the EGA as a community detection algorithm [24].

Finally, we added the PSS-10 total score as an extra node (PSS) to construct an extended
network integrating responses to unusualness and overall level of psychological stress experi-
enced by participants during the COVID-19 outbreak. To do this, we calculated polyserial cor-
relations for the PSS node using the same method as described above and drew its structure as
a flow diagram showing how the PSS node was connected to other nodes of responses to
unusualness due to COVID-19 using the ‘flow’ function of the R package ‘qgraph’ [18].

2.4. Global and local network metrics

We calculated several macroscopic properties and the overall connectedness of the network
using the R package ‘igraph,” as follows [25]. The network density is the actual number of
edges as a proportion of the total possible number of edges [26]. The average shortest path
length, the mean of the shortest path lengths between all pairs of nodes in the network, is also
an important measure of a network’s overall connectedness [27]. The average clustering coeffi-
cient, i.e., the mean of the local clustering coefficients, which measure the probability that any
two neighbors of a node are connected, indicates the extent to which nodes tend to cluster
together [28]. For example, a network with a higher density and average clustering coefficient,
as well as a lower average shortest path length, can be considered more tightly interconnected
[29].

Centrality indices provide insight into the relative importance of a node in the context of
the other nodes in the network [30,31]. In general, central nodes with high centrality indices in
a network are the most influential and can propagate their information content easier and
faster than other nodes [32,33]. Using the R package ‘qgraph’ [18], we assessed three centrality
indices for each node within the network: strength, closeness, and betweenness. Strength cen-
trality is calculated by taking the sum of all absolute edge weights a node is directly connected
to, indicating the strength of a node’s direct connections to other nodes [34]. Closeness cen-
trality is the inverse of the average of the shortest path length from a node to all other nodes in
the network; it indicates how close the node is to all other nodes in the network [30]. In other
words, a node with high closeness centrality is more likely to quickly affect other nodes, and
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changes in other nodes are more likely to affect nodes with high closeness centrality [35].
Betweenness centrality measures the number of times that a node lies on the shortest path
between two other nodes [36]. A node with high betweenness centrality can influence the
information flow between non-directly connected nodes and has an important intermediary
position [35]. In addition, we tested for significant differences between nodes in centrality
indices using bootstrapped difference tests in the R package ‘bootnet’ [37].

2.5. Network accuracy and stability

Following the method proposed by Epskamp et al. [37], we examined the accuracy and stabil-
ity of the network using the R package ‘bootnet.” First, to assess the robustness of the edge
weights, we drew 2,500 bootstrapped confidence intervals (CIs) of the edge weights. The boot-
strapped CIs of edge weights should not be interpreted as the significance of an edge being dif-
ferent from zero, but only used to show the accuracy of edge weight estimates and to compare
edges to one another [37]. When a bootstrapped CI around a specific edge weight does not
overlap with the CIs of other edge weights, this indicates that the weight of this edge differs sig-
nificantly from other edge weights. Thus, larger bootstrapped Cls indicate lower stability in
the estimation of the edge weights, which implies that the strength of edges should be inter-
preted with caution. Then we investigated the stability of the centrality indices after observing
only portions of the data using a case-dropping subset bootstrap (2,500 iterations), which
determines how many samples can be removed from the network before the results become
unstable [37,38]. This measure is quantified by the correlation stability (CS) coefficient. The
CS coefficient represents the maximum proportion of cases that can be dropped while retain-
ing a correlation of 0.7 between the original centrality indices and centrality based on a subset
[37]. It has been suggested that the CS coefficient should be at least 0.25, preferably above 0.5
[38].

2.6. Network comparison

In addition, we constructed the network structures of men and women and compared them
using the R package ‘NetworkComparisonTest’ [39], a permutation-based hypothesis test in
which the difference between the networks of two groups is calculated repeatedly for randomly
regrouped individuals. We performed 2,500 iterations to assess the difference between the two
networks through comparisons of network structure, global strength, and centrality and edge
invariance.

3. Results
3.1. Demographic characteristics and responses to the questionnaires

Table 1 presents the scores for individual items on the three questionnaires for daily life
changes, fear, and distress related to COVID-19, as well as the internal consistency of items
among each questionnaire. Participants showed a strong agreement on the ‘trouble going out’
(A2 item), ‘setbacks with personal schedule’ (A4 item), and ‘concern about harming others’
(B8 item) with a median score of 5 (strongly agree), while they generally disagreed with ‘irreg-
ular diet’ (A6 item) and ‘distress in obtaining daily necessities” (C2 item), with a median score
of 2 (disagree). Each questionnaire showed high internal consistency (Cronbach alpha = 0.761,
0.881, and 0.788 for questionnaires for daily life changes, fear, and distress, respectively).

Table 2 summarizes the demographic characteristics of the 1,500 participants, in which
50% of the participants were men, with an average age of 40.2 £ 11.9 years. Of the 1,500 partic-
ipants, 49.3% were married, and 69.3% had a job.
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Table 2. Demographic characteristics of the study population.

Variable Value*
Sex, Men 750 (50.0)
Age, years 40.2 +11.9 (19 - 65)
19-29 360 (24.0)
30-39 360 (24.0)
40-49 360 (24.0)
50-65 420 (28.0)
Education
High school or lower 256 (17.1)
College or university 1094 (72.9)
Graduate school 150 (10.0)
Marital status
Single 717 (47.8)
Married 740 (49.3)
Divorced 36 (2.4)
Bereaved/widowed 7 (0.5)
Employment status
Employed 1039 (69.3)
Unemployed 158 (10.5)
Stay-at-home 169 (11.3)
Student 134 (8.9)
Medical insurance
National health insurance 1431 (95.4)
Medicare 69 (4.6)

*Data are presented as the mean =+ the standard deviation (range) or number (%).

https://doi.org/10.1371/journal.pone.0246894.t002

3.2. Network of the psychosocial response to COVID-19

The resulting 24-node network of the responses to unusualness during the COVID-19 outbreak
is presented in Fig 1. The network was well connected, with no isolated nodes. The EGA grouped
the 24 nodes into five communities: ‘fear of infection’ (B1 to B9), ‘difficulty in outside activities’
(A1, A2, A4, A5, A9, and C5), ‘economic loss’ (A3 and C3), “disturbance in eating and sleeping’
(A6, A7, and A8), and ‘adaptive stress’ (C1, C2, C4, and C6). The network had a network density
of 0.225, an average shortest path length of 2.036, and an average clustering coefficient of 0.300.

Fig 2 depicts the standardized centrality indices of the network. In terms of node strength,
closeness, and betweenness, the ‘distress in obtaining daily necessities’ (C2 node) was the most
central domain of the responses to unusualness related to COVID-19. The ‘concerns about
harming others’ (B8 node) also showed high levels of closeness and betweenness centrality, com-
parable to those of the C2 node. The bootstrap difference test revealed significant differences
between the C2 node and most other nodes for all centrality indices (S1 Fig). Node B8 was also
significantly different from most other nodes in terms of closeness and betweenness centrality.

In examining edge weight accuracy, the bootstrapped Cls around the edge weights (esti-
mated to be larger than zero) were narrow overall, indicating a fair degree of accuracy in the
estimation of edge weights (S2 Fig). With regard to the stability of the centrality indices (S3
Fig), the results of the case-dropping subset bootstrap revealed a correlation stability (CS) coef-
ficient for a node strength of 0.595, which exceeded the proposed threshold of 0.5. In addition,
the CS coefficients for node closeness and betweenness were 0.283 and 0.361, respectively,
slightly above the minimum acceptable level.
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A1: reluctance to use public transportation

A2: trouble going out

A3: lower income

A4: setbacks with personal schedule

AS: setbacks with official schedule

AG6: irregular diet

A7: eating instant food more often

A8: irregular sleep schedule

A9: less exercise time

B1: concern about being infected

B2: concern about family being infected

B3: fear of dying

B4: concern about asymptomatic infected people
B5: concern about being quarantined

B6: concern about disclosure of movement

B7: concern about being blamed by others

B8: concern about harming others

B9: concern about deteriorating health due to restrictions on hospital visits
C1: distress obtaining masks or hand sanitizers
C2: distress obtaining daily necessities

C3: economic stress

C4: distress from family support

C5: distress from changes in daily activities
C6: anger toward others or society

Fig 1. Network of the responses to unusualness due to COVID-19 based on a regularized partial correlation via the extended Bayesian information
criterion graphical least absolute shrinkage and selection operator. The 24 nodes are grouped into five communities of ‘fear of infection’ (in red), ‘difficulty in
outside activities’ (yellow), ‘economic loss’ (green), ‘disturbance in eating and sleeping’ (blue), and ‘adaptive stress’ (purple). The thickness of the edges represents
the magnitude of the correlation. Positive correlations are displayed as green and negative correlations are displayed as red.

https://doi.org/10.1371/journal.pone.0246894.9001

3.3. Relationship between responses to unusualness and psychological
stress related to COVID-19

When the overall level of psychological stress (PSS node) was added to the network of
responses to unusualness, this was primarily connected with ‘anger toward others or society’
(C6 node) and ‘irregular sleep schedule’ (A8 node). Subsequently, ‘anger toward others or soci-
ety’ was connected to the ‘distress from changes in daily activities’ (C5 node), ‘distress from
family support’ (C4 node), ‘economic stress’ (C3 node), ‘distress in obtaining daily necessaries’
(C2 node), and ‘concern about asymptomatic infected people’ (B4 node). ‘Irregular sleep time’
was also connected with ‘distress in obtaining daily necessities’ (C2 node), ‘concern about
deteriorating health due to restrictions on hospital visits’ (B9 node), ‘irregular diet’ (A6 node),
and ‘lower income’ (A3 node) nodes. A flow diagram from the PSS node is shown in Fig 3.
The bootstrapped CI around the edge weight between PSS and C6 (PSS-C6) was smaller and
did not contain zero, compared to that of the edge between PSS and A8 (PSS-A8). The CS
coefficients were 0.672, 0.283, and 0.439, for node strength, closeness, and betweenness,
respectively, reaching levels comparable to those of the network without the PSS node.

3.4. Comparison of networks between men and women

Opverall, we did not observe much difference in the network structure of responses to unusual-
ness between men and women (54 Fig). The network invariance (Statistic = 0.203, P = 0.647)
and global strength invariance (Statistic = 0.879, P = 0.258) were not statistically different
between the sexes. We found no difference between sexes with regard to the centrality indices
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Strength Closeness Betweenness

C6
C5+1
C4 A
C31
C24
C1+
B9 1
B8
B7 1
B6
B5
B4 4
B3
B2
B1 A
A9 -
A8 -
A7 A
AB A
A5+
A4 A
A3 A
A2 -
A1+

-2

-1

0 1 2 -1 0 1 2 -1 0 1 2 3

Fig 2. Centrality indices of the network of responses to unusualness due to COVID-19. Centrality indices are shown as standardized z-scores.
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of most nodes, with the exception of the strengths of A7, B2, B3, and B9 nodes, the closeness of
the B9 node, and the betweenness of the A5 node. The edge invariance test showed only a
small number of edges, of which the strength differed between the sexes, including B6-B8, B6-
C2, B3-B9, and B5-B6.

When the overall level of psychological stress (PSS node) was added to the men and wom-
en’s networks of responses to unusualness, this was first connected with ‘anger toward others
or society’ (C6 node) in both (Fig 4). Subsequently, ‘anger toward others or society’ was con-
nected with ‘distress from family support’ (C4 node) and ‘economic stress’ (C3 node) in men
only and ‘distress from changes in daily activities’ (C5 node) in women only. In addition,
‘anger toward others or society’ was connected with ‘distress in obtaining daily necessities’ (C2
node) in both men and women.

4. Discussion

We investigated the unusualness and the resulting distress experienced during the COVID-19
outbreak as a system of interconnected factors using network analysis. From a network per-
spective, human behaviors and outcomes can be conceptualized as emergent phenomena from
a system of reciprocal interactions of relevant variables [38]. Network analysis is a promising
method for examining the complex patterns of such relationships and generating graphical
representations that conventional statistical methods cannot provide [13]. In recent years,
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Fig 3. Flow diagram from the Perceived Stress Scale (PSS) node. A PSS node represents the total score of the 10-item PSS.
https://doi.org/10.1371/journal.pone.0246894.9003

network analysis has increasingly been applied in the fields of psychopathology, personality,
and health psychology [40-43]. Accordingly, in this study, we expected that network analysis
could offer novel insights into the behavior of individuals experiencing the COVID-19
pandemic.

The present study constructed a regularized partial correlation network of the unusualness
and stress response experienced by Koreans during the COVID-19 outbreak and identified
how their level of psychological stress was linked to the network. Centrality indices indicated
that the ‘distress in obtaining daily necessities’ (C2 node) and ‘concern about harming others’
(B8 node) were the most centrally located nodes in the network, suggesting that these are the
most important issues that are directly or indirectly correlated with many other issues encoun-
tered during the COVID-19 outbreak. When inputting the PSS-10 total score into the network,
the overall level of psychological stress (PSS node) was primarily linked to ‘anger toward others
or society’ (C6 node) and ‘irregular sleep schedule’ (A8 node), which were subsequently corre-
lated mainly with nodes for ‘adaptive stress.” In addition, psychological stress was indirectly
connected to the nodes for ‘economic problems’ in men and ‘distress from changes in daily
activities’ in women via the node for ‘anger toward others or society,” suggesting that men and
women may have different reasons for experiencing psychological stress during the COVID-
19 outbreak.

4.1. Effects of insecurity regarding basic needs and collectivistic orientation
on the psychosocial response to COVID-19
In terms of the global network metrics including network density and average clustering coef-

ficient, 24 nodes did not appear to be tightly interconnected within the overall network struc-
ture. Instead, these nodes were grouped into five communities, namely, ‘fear of infection,’
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Fig 4. Flow diagrams from the Perceived Stress Scale (PSS) node for men and women. A PSS node represents the total
score of the 10-item PSS.

https://doi.org/10.1371/journal.pone.0246894.9004

‘difficulty in outside activities,” ‘economic loss,” ‘disturbance in eating and sleeping,” and ‘adap-
tive stress’ (Fig 1). In terms of centrality indices, the ‘distress in obtaining daily necessities’ (C2
node) and ‘concern about harming others’ (B8 node) were the most central nodes in the net-
work of psychosocial responses to COVID-19 (Fig 2). In addition, the reliability of the network
structure was confirmed by examining the accuracy of the edge weights and the stability of the
centrality indices using the bootstrap method (S2 and S3 Figs).

The “distress in obtaining daily necessities’ (C2 node) was a hub node, which was highly
connected with several nodes within the five communities with the highest values of node
strength, closeness, and betweenness. As COVID-19 spread, people began to stockpile com-
modities such as food, bottled water, and toilet paper. Possible explanations for the
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phenomenon of panic buying during the COVID-19 outbreak include a sense of losing control
over the environment and the future, self-preservation tendencies for the self and family, and
individualism and competitiveness [44-47]. Distress from difficulties in obtaining daily neces-
sities may be due to other people’s panic buying, but it also reflects feelings of insecurity and
instability regarding basic needs, which could foster individual behavior such as stocking up
on supplies. In this respect, feelings of insecurity related to basic needs can be considered one
of the most influential issues among the psychosocial responses to COVID-19. Meanwhile,
contrary to other countries, panic buying of daily necessities was not a significant issue in
Korea [48]. Actually, in the current study, the majority of participants answered in the negative
to the question of ‘distress in obtaining daily necessities,” with a median score of 2 (disagree)
(Table 1). Nevertheless, given that network analysis examines the entire pattern of connections
between nodes, as opposed to a quantitative feature of an individual node, the finding of our
network analysis indicates how much the issue of ‘distress in obtaining daily necessities’ was
closely or highly correlated with other issues during the COVID-19 outbreak.

Estimated closeness and betweenness centrality indicated that the ‘concern about harming
others’ (B8 node) was another central node in the network. This was closely linked to the ‘con-
cern about family being infected’ (B2 node) and ‘concern about being blamed by others” (B7
node) within the same community of ‘fear of infection.” The ‘concern about harming others’ liter-
ally implies concern for others, and it contextually reflects collectivistic cultures in Korea. While
anyone can become an asymptomatic carrier of the virus, many Koreans, who generally have
family-centered and collectivistic orientation [49], seem to be worried about not only being
infected themselves but also passing the virus to their family or others. This is supported by a
recent report that Italian young adults showed higher concerns about their role as a possible
asymptomatic carrier than being positive with COVID-19 themselves, suggesting their collectivis-
tic orientations [50]. Among the nodes of other communities, the ‘concern about harming others’
(B8 node) was connected to the ‘setbacks with personal schedule’ (A4 node) and ‘distress in
obtaining daily necessities’ (C2 node). Considering that the former was a centrally located node
in the community of ‘difficulty in outside activities’ and the latter was a node with the highest
centrality index in the whole network, connections with these nodes may contribute somewhat
to the high closeness and betweenness of node B8 (‘concern about harming others’).

Interestingly, ‘distress in obtaining daily necessities’ (C2 node) and ‘concern about harming
others’ (B8 node) were connected by a negative edge, suggesting that the two central nodes
played contrasting roles in people’s responses to COVID-19 (Fig 1). Some evidence points to
the potential role of individualism and collectivism in controlling the spread of COVID-19,
suggesting that collectivism may play a more positive role in the adherence to behaviors aimed
at reducing the spread of COVID-19 compared to individualism [50,51]. An individualistic
orientation prioritizes individual needs above the group’s, whereas a collectivistic orientation
focuses on group needs above the individual’s [52]. As mentioned above, ‘concern about
harming others’ can be regarded as a typical collectivistic response. On the other hand, insofar
as ‘distress in obtaining daily necessities’ reflects feelings of insecurity regarding basic needs
and self-preservation tendencies, we can assume that this issue may be related to individual-
ism. Thus, the negative connection between ‘distress in obtaining daily necessities” and ‘con-
cern about harming others’ may reflect the competing roles of insecurity about basic needs
and a collectivistic orientation in the psychosocial response to COVID-19.

4.2. Role of unusualness due to COVID-19 on psychological stress and anger

When investigating how the overall level of psychological stress (PSS node) was associated
with the network of response to unusualness under the COVID-19 outbreak, we found that
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this was linked directly to ‘anger toward others or society’ (C6 node) and ‘irregular sleep
schedule’ (A8 node) (Fig 3). In particular, the bootstrapped CI indicated that the edge weight
estimation between PSS-C6 was more reliable than that of the PSS-A8 edge. With regard to
‘anger toward others or society,” people seemed to feel more frustration and express this more
readily toward others or society than usual [53]. In fact, anger was one of the key emotions felt
by people during COVID-19. According to a survey of 1,000 Koreans, which was conducted 2
months before the present study, public anger was growing as COVID-19 spread nationwide,
and anger ranked second among the Korean public, following anxiety [54,55]. Increased frus-
tration, irritability, and anger are common reactions to psychological stress, which in this case
was exacerbated by the prevalent fear of infection and death, salary reductions and unemploy-
ment, restricted access to activities for coping with stress in healthy ways, and other unusual
changes in daily life after the COVID-19 outbreak [56,57]. Following the PSS node, our find-
ings also showed that ‘anger toward others or society’ (C6 node) was connected with several
nodes: ‘difficulty in outside activities,” ‘adaptive stress,” ‘economic loss,” and ‘fear of infection’
(Fig 3), suggesting that the prolonged restrictions on social activities and inconveniences of
everyday life due to the outbreak response could play a more direct role in people’s anger than
the fear of infection itself. In particular, we observed some differences in the type of nodes sub-
sequently linked to the PSS—-C6 connection between men and women (Fig 4). Node C6, ‘anger
toward others or society,” was closely related to ‘distress from family support’ (C4 node) and
‘economic stress’ (C3 node) in men and ‘distress from changes in daily activities’ (C5 node) in
women. Some recent studies have reported quantitative differences in psychological vulnera-
bility to COVID-19 between men and women [58,59]. In contrast, our findings revealed quali-
tative sex differences in how daily life changes due to COVID-19 could affect psychological
responses and mental health. Therefore, future research is needed to explore the psychological
effects of COVID-19 with respect to sex.

4.3. Limitations

The present study had several limitations. First, our results do not represent the psychological
responses of all Koreans to COVID-19, as the study participants lived in mostly in metropoli-
tan areas with high population densities. Second, the survey tools used in this study were not
fully validated due to the topic’s urgency. Third, because this network was established based
on a cross-sectional survey conducted only 3 months after the spread of COVID-19 in Korea,
the network structure may change over time, depending on the course of the pandemic.
Fourth, considering the relatively low levels of the CS coefficients for node closeness and
betweenness, these centrality indices should be interpreted with care. Fifth, the role of individ-
ualism and collectivism in the psychosocial response to COVID-19 offers a plausible explana-
tion for the network models calculated here via exploratory network analyses. Moreover, other
interpretations of our findings are also possible. Finally, the findings may be specific to Korea’s
collectivist culture. Considering that cultural backgrounds may have a significant impact on
the network of people’s responses to COVID-19, further network studies are needed to repli-
cate our findings not only in other East Asian cultures, which, as in Korea, tend to be collectiv-
istic, but also in Western cultures, which tend to be more individualistic.

4.4. Conclusion

To the best of our knowledge, this is the first network study to investigate the psychosocial
response to the COVID-19 outbreak. Our results indicate that ‘distress in obtaining daily
necessities’ and ‘concern about harming others’ were the most influential issues in the network
of responses to the unusual situation due to COVID-19 in Koreans, suggesting that feelings of
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insecurity about basic needs and a collectivistic orientation play competing roles in their psy-
chosocial responses. The psychological stress tended to invoke resentment and anger, particu-
larly in relation to economic problems in men and restrictions in daily activities in women.
Further network studies are needed to explore the adaptive responses to COVID-19 from dif-
ferent cultural backgrounds and from the perspective of mental health.

Supporting information

S1 Fig. Bootstrapped difference tests for centrality indices. Black boxes indicate nodes that
differ significantly from other nodes. White boxes show the values for node strength, closeness,
and betweenness.
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S2 Fig. Bootstrapped confidence intervals (CIs) around estimated edge weights of the net-
work of the responses to unusualness due to COVID-19. The red line indicates the sample
values, and the gray area corresponds to the bootstrapped Cls.
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S3 Fig. Stability of the centrality indices in the network of the responses to unusualness
due to COVID-19. Lines indicate the average correlations between centrality indices of net-
works sampled with people dropped and the original sample. Areas indicate the 95% confi-
dence interval.

(TIF)

$4 Fig. Centrality indices of the network with respect to men and women’s responses to
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