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Abstract
During the COVID-19 pandemic, understanding the effects of location information of patients has significant theoretical and
practical implications for public crisis management and health communication. Based on fear appeal theories, this research
proposed a chain reaction model that links physical distance to the nearest patients, which is informed by the location information
of patients, citizens’ anxiety, attention to information and preventive behaviors. To test the hypothesized model, we conducted a
study during the COVID-19 outbreak in mainland China in March 2020. The survey of 2061 people from 244 cities across 30
provinces showed that physical distance to confirmed cases has a significant influence on citizens’ anxiety, which in turn can
improve their preventive behaviors through the mediating factor of attention to information. In addition, this research also
revealed the twofold effects of vertical collectivism as a personality trait on anxiety. These findings will provide support to help
governments take actions to reduce citizens’ anxiety and promote preventive behaviors.
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Introduction

In December 2019, the first group infected with the coronavi-
rus disease (COVID-19) was identified in Wuhan, Hubei
Province, China (Wu & McGoogan, 2020), and COVID-19
has since become a public health emergency of global concern
(Wang, Pan, Wan, Tan, Xu, Ho, et al., 2020). On March 11,
the World Health Organization (WHO) declared COVID-19 a
pandemic (WHO, 2020). During this crisis, many countries

have taken decisive actions. For example, China sealed off
Wuhan city on January 23 and shut down public transport in
eight other cities to minimize the spread of the virus near the
epicenter (Tuo et al., 2020). Moreover, to better control the
pandemic, governments worldwide have imposed social dis-
tancing by closing schools or public places, cancelling mass
events, and promoting remote work (Bayham & Fenichel,
2020). Unprecedented actions have dramatically altered the
public’s ordinary lives, causing fears and influencing the be-
havior of people everywhere (Rochadi et al., 2020).

To improve the awareness of the self-protection of citizens
(Adhikari et al., 2020), especially those whose neighbors are
confirmed patients, governments around the world promptly
communicate real-time confirmed case information (Li, Chen,
et al., 2020). For example, China’s governments at all levels
publish newly confirmed cases and their distribution in the
official media every day. The Singaporean government re-
leased a mobile phone app called TraceTogether that pub-
lishes real-time information about the COVID-19 pandemic,
including the locations of patients, so that residents can un-
derstand the situation around them (Cho et al., 2020). When a
person tests positive, the local governments of South Korea
send out an alert to people living nearby about that person’s
movements (Zastrow, 2020).

This real-time case information released by local govern-
ments can help citizens to be clear about the spread and
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development of the pandemic (Bento et al., 2020) and the
location of the cases nearest their residence. Especially for
uninfected people, the location information of patients nearest
where they live is important information that has considerable
impacts on their emotions, attention to information, and be-
haviors during pandemics. For example, during the H5N1
pandemic, people at a shorter physical distance to confirmed
cases showed a higher degree of negative affect, such as panic
(Manabe et al., 2012). The first reported local COVID-19 case
can induce local citizens’ attention to pandemic information
(Bento et al., 2020). In addition, during outbreaks of avian
influenza, citizens who are informed of local outbreaks adopt
more preventive behaviors (Kuo et al., 2011).

Although the influencing factors of citizens’ anxiety, atten-
tion to information and preventive behavior have been widely
explored during the COVID-19 pandemic, the possible effects
of location information of patients on these psychological and
behavioral reactions remain unclear. Understanding the ef-
fects of location information can be of great help in helping
governments manage the emotions and behaviors of citizens
who are physically closer to confirmed patients, thus realizing
better pandemic management. For example, identifying the
sources of people’s anxiety can directly inform the develop-
ment of psychological interventions that can minimize anxiety
during the COVID-19 outbreak and provide guidance for
stimulating preventive behaviors throughout the remainder
of the pandemic (Wang, Pan, Wan, Tan, Xu, Ho, et al.,
2020). Therefore, both scholars and practitioners are faced
with the following question:

RQ: How does location information of patients, particu-
larly physical distance to the nearest patients, influence
citizens’ anxiety, attention to information and preventive
behaviors in a pandemic?

To address the above question, we involved fear appeal
theories in this research. Fear appeal theories posit that the
threat information of a disease elicits fear or anxiety, and fear
or anxiety in turn motivates people to pay attention to related
information and initiate behavioral changes to protect them-
selves (Floyd et al., 2000; Kok et al., 2014; Ling et al., 2019).
For example, based on fear appeal theories, Du et al. (2020)
found that increased information about prevalence rates of
COVID-19 was associated with more searches for protective
behaviors of the public, and Scopelliti et al. (2021) empha-
sized that moderate levels of fear have increased the public’s
preventive behaviors in the use of public spaces during the
COVID-19 pandemic. Therefore, we believe that fear appeal
theories can also help us explore the effects of information
about the location of patients.

This research proposes several specific hypotheses based
on fear appeal theories and tests the hypothesized relation-
ships based on data collected from online questionnaire

surveys completed by Chinese citizens during the peak period
of the COVID-19 pandemic in China. We hope this research
can contribute to the literature in three primary ways: i) We
reveal the effects of location information of patients (i.e.,
physical distance to patients) on citizens during the COVID-
19 outbreak, which will help health communication re-
searchers comprehensively understand the effects of pandem-
ic information released by local governments during a public
health crisis; ii) We contribute to fear appeal theories by
confirming the effects of vertical collectivism as a personality
trait on citizens’ anxiety; and iii) We investigate the potential
influencing factors of people’s anxiety and preventive behav-
iors, which can help crisis management researchers under-
stand the causes of anxiety and preventive behaviors during
pandemics. From a practical perspective, this research pro-
vides guidance for practitioners regarding the release of pan-
demic information, especially regarding the location of con-
firmed cases of COVID-19.

Theoretical Background and Hypothesis
Development

Fear Appeal Theories

Fear appeal theories have been widely used in behavioral
change interventions in the field of health management to
explore the effects of threat information on individuals’ pro-
tective actions (Floyd et al., 2000; Ruiter et al., 2014;
Scopelliti et al., 2021). Fear appeal theories include two pre-
dominant theoretical frameworks: protection motivation theo-
ry (PMT) and the extended parallel process model (EPPM)
(Ruiter et al., 2014). PMT proposes four message factors of
information: (a) the magnitude of noxiousness of a depicted
event; (b) the probability of occurrence; (c) response efficacy
depictions; and (d) self-efficacy depictions (Rogers, 1975;
Maddux & Rogers, 1983). The above four factors will influ-
ence individuals’ attitude changes (i.e., intent to adopt a rec-
ommended response) through cognitive mediating processes
of their perceived severity, perceived susceptibility, perceived
efficacy of coping response and perceived self-efficacy, as
well as protection motivation (Rogers, 1975; Maddux &
Rogers, 1983).

The EPPM proposed by Witte (1992) advances previous
fear appeal theories, especially Rogers’ PMT (Maddux &
Rogers, 1983; Rogers, 1975), in three ways. First, EPPM
demonstrates that fear appeals fail because PMT only takes
into account danger control processes but not fear control
processes, which lead to message rejection. Second, EPPM
reincorporates fear as a central variable that links perceived
threat (i.e., susceptibility and severity) and perceived efficacy
(i.e., self-efficacy and response efficacy) to protective and
defensive motivations in the cognitive mediating processes.
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Third, EPPM proposes that individual differences (e.g., per-
sonality and prior experience) influence the appraisal of threat
and efficacy. Based on the original EPPM, many researchers
further specified and revised this model. For example, So
(2013) proposed an extension of the extended parallel process
model (E-EPPM), which incorporates a more comprehensive
perspective on risk perceptions as a construct involving both
cognitive and affective aspects (i.e., fear and anxiety).
Through an empirical study, So et al. (2016) proved that a
high threat message would induce both fear and anxiety. In
addition, they found that anxiety led to a higher level of mo-
tivation to obtain information than fear, and paying attention
to information was one of the significant predictors of inten-
tion to take protective action (So et al., 2016).

Overall, according to fear appeal theories, threat informa-
tion can significantly influence individuals’ threat appraisal
and emotions (e.g., fear and anxiety), which can also be influ-
enced by individuals’ personality and prior experience (Floyd
et al., 2000; Witte, 1992). Furthermore, fear appeal theories
also demonstrate that emotions can have an impact on coping
appraisals (e.g., motivation to obtain information and to pay
attention to information), which can eventually lead to indi-
viduals’ protective action (So et al., 2016). Therefore, fear
appeal theories can help us to understand the effects of the
location information of patients (i.e., physical distance to the
nearest patients) released during the COVID-19 pandemic on
the anxiety, attention to pandemic information and protective
behaviors of individuals, as well as the role of citizens’ per-
sonality (vertical collectivism) in these relationships.

Physical Distance, Vertical Collectivism and Anxiety in
Pandemics

According to fear appeal theories, a fear appeal is defined as a
message that presents threat information to cause fear, focusing
on the severity and probability of occurrence of a threat to pro-
mote safer behavior (Rogers, 1983). Health messages about
threats such as fear appeals are widely used in health communi-
cation (Ruiter et al., 2014), and varied threat information will
cause different levels of negative emotions such as fear and anx-
iety (Ruiter et al., 2003; Ruiter et al., 2001). For example, mes-
sages that focus on the characterization and transmission of teta-
nus versus the symptoms of the illness and its consequences will
induce different levels of psychophysiological responses (e.g.,
heart rate and skin conductance) (Ordoñana et al., 2009).

Based on the above arguments, we claim that threat informa-
tion during COVID-19, especially information about people’s
distance from the nearest confirmed patients, will provoke citi-
zens’ anxiety. The physical distance to the specific threat largely
determines its degree of severity and possible negative conse-
quences. Research has demonstrated that people show higher
levels of fear and anxiety when they perceive a greater severity
or possibility of negative consequences from threat information

(Ruiter et al., 2014). Thus, people’s fear or anxiety can be influ-
enced by the physical distance to the threat implied by the threat
information. For example,Manabe et al. (2012) found that H5N1
patients present in nearer neighboring areas can lead to higher
panic in residents. Qian et al. (2003) also reported that when the
spatial distance between SARS cases decreases, people show
more negative emotions, such as tension, panic, anger, pessi-
mism and helplessness. A possible reason for this might be that
a shorter physical distance to confirmed or suspected cases al-
ways implies a greater possibility of contact with these infected
neighbors. Because living environments are much closer togeth-
er, neighbors share a common public activity space. Therefore,
the smaller the distance is, the greater the possibility of infection,
which leads to higher anxiety.

Based on the above arguments, we provide the following
hypothesis:

Hypothesis 1: Physical distance to the nearest patients is
negatively related to citizens’ anxiety; that is, a shorter
distance to patients will provoke higher levels of anxiety
in citizens.

Additionally, in line with fear appeal theories, individuals’
personality can also influence their threat appraisal (Floyd
et al., 2000). We propose collectivism, specifically vertical
collectivism, to be one of the significant dispositions in the
pandemic. Although vertical and horizontal collectivism both
emphasize interpersonal relationships, they differ in that ver-
tical collectivism focuses on relationships with one’s parents,
whereas horizontal collectivism refers to relationships with
others, such as colleagues (Rodriguez Mosquera, 2018).

On the one hand, we believe that citizens with a high level
of vertical collectivism show lower levels of anxiety during
the COVID-19 pandemic. During the early period of the out-
break of the COVID-19 pandemic, owing to the absence of
vaccines and antivirals, the best way to interrupt human-to-
human transmission and halt the pandemic worldwide was the
implementation of traditional public health measures, such as
isolation, quarantine, social distancing and community con-
tainment (Wilder-Smith & Freedman, 2020). As this outbreak
of COVID-19 coincided with Chinese New Year, many peo-
ple stayed home with their families during this period of the
pandemic (Chen et al., 2020). Therefore, staying home was
more acceptable for people with a high level of vertical col-
lectivism than for people with a low level of vertical collec-
tivism. Furthermore, the acceptance of self-isolation at home
reduces the possibility of contact with suspected or unrecog-
nized infected cases. Self-isolation at home weakens anxiety.
For this reason, we hypothesize the following:

Hypothesis 2: Vertical collectivism is negatively related
to anxiety; that is, citizens with a higher level of vertical
collectivism show a lower level of anxiety.
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On the other hand, we claim that vertical collectivism will
strengthen the effect of physical distance to confirmed cases
on citizens’ anxiety. Citizens with a higher level of vertical
collectivism care about their families and acknowledge their
identity and interdependence with their family in-group
(Komarraju & Cokley, 2008). When confirmed COVID-19
cases are identified in the neighboring area, citizens with a
higher level of vertical collectivism will care about the safety
of not only themselves but also their families. Thus, the anx-
iety brought about by patients being present in the neighbor-
ing area will be stronger. For this reason, we hypothesize the
following:

Hypothesis 3: Citizens’ vertical collectivism will
strengthen the negative relationship between physical
distance and anxiety, and this relationship is stronger
when the level of vertical collectivism is high.

Relationship between Anxiety, Attention to
Information and Preventive Behaviors

The fear appeal framework also states that greater fear and
anxiety led to increased motivation to obtain protection-
related information and heightened attention to such informa-
tion (So et al., 2016, 2019). This statement is consistent with
previous research. For example, Li, Chang, et al. (2020) found
that major public health emergencies and natural disasters,
such as SARS and COVID-19, can cause massive panic and
result in greater demands for information.

In periods of pandemics, such as SARS, citizens pay more
attention to media information and believe that the govern-
ment should broadcast pandemic-related information every
day (Qian et al., 2003). Basch et al. (2020b) stated that anxiety
or panic acts as a catalyst for information seeking. On the one
hand, for self-protection purposes, panicked citizens are more
eager to seek more information about pandemics because the
media offers people a good understanding of a pandemic’s
prevalence and nature (Zhu et al., 2008). More importantly,
some real-time information, including about new COVID-19
cases and their activity tracking, can largely help residents
understand the development of pandemics locally and avoid
contact with the communities in which patients live or public
places that patients visit (Bento et al., 2020).

Thus, we hypothesize the following:

Hypothesis 4: Citizens’ anxiety is positively related to
their attention to information; that is, citizens with a
higher level of anxiety will pay more attention to infor-
mation concerning COVID-19 than will citizens with a
lower level of anxiety.

According to fear appeal theories, individuals’ protective
behaviors are the consequences of decision processes in which
their evaluation of their conditions is part of the decision ma-
trix. This statement is also in line with social cognitive theory
(SCT). According to SCT, individuals learn from their inter-
actions with the environment through their experiences, which
results in specific behaviors (Attiq, 2015).

In the context of pandemics or other disasters, people pay
more attention to relevant information, and they know more
about the severity of the pandemic and the importance of
taking relevant protective measures (Zhu et al., 2008).
Focusing on COVID-19, Bento et al. (2020) claimed that peo-
ple seek information on what they can and should do in
response to the epidemic. Qazi et al. (2020) also stated that
information will influence the public’s situational awareness
of adopting health-protective behaviors such as social distanc-
ing. Thus, we hypothesize as follows:

Hypothesis 5: Attention to information is positively relat-
ed to citizens’ preventive behaviors, that is, the more
attention that citizens pay to information, the higher the
level of preventive behaviors that they exhibit.

Based on the arguments in Hypotheses 4 and 5, we hypoth-
esize the following:

Hypothesis 6: Citizens’ attention to information will me-
diate the positive relationship between their anxiety and
preventive behaviors.

Overall, based on fear appeal theories, we propose a theo-
retical model (Fig. 1) in which physical distance, informed by
the location information of patients, is negatively related to
citizens’ anxiety, and citizens’ anxiety, in turn, can improve
preventive behaviors through themediating role of attention to
information. In addition, vertical collectivism can reduce anx-
iety directly, but it can also strengthen the effect of physical
distance on anxiety.

Pilot Study

Self-Developed Measures

Because there is no existing scale to measure citizens’ atten-
tion to information and preventive behavior during the
COVID-19 pandemic, we developed our own scales.
Attention to information was measured by three items that
we developed. An example is “I wish I could read every piece
of information about the epidemic.” Preventive behaviors
were measured by three items that we developed. We listed
three main types of public preventive behaviors (i.e., wearing
a mask, washing hands, and disinfecting) and asked the
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participants to report the frequency with which they exercised
these measures when they went out or returned home during
the pandemic. These two measures were rated using a 7-point
Likert scale ranging from 1 = strongly disagree/never to 7 =
strongly agree/every time.

Procedure and Participants

To test the reliability of the new measures that we developed
by performing exploratory factor analysis (EFA), as Hinkin
(1995) suggested, we conducted a pilot study (i.e., the first
round of survey). In the first round of the survey, we only
collected data concerning participants’ sociodemographic in-
formation (e.g., age, gender and education) and self-
developed measures (i.e., attention to information and preven-
tive behaviors). As the Chinese government recommended
that the public minimize face-to-face interaction and engage
in self-isolation, questionnaire surveys in this research were
distributed to the potential respondents through an online sur-
vey platform (“SurveyStar”, Changsha Ranxing Science and
Technology, Shanghai, China), and all participants started
their online questionnaire after agreeing with the informed
consent.

We distributed the e-questionnaire through one of the most
popular social software platforms (WeChat) among Chinese
residents from February 27–March 3, 2020. A total of 243
participants were involved in this round of surveying. The
specific demographic characteristics of the participants in this
round of the survey are shown in Table 1.

Data Analysis and Results

We used exploratory factor analysis (EFA) to test the self-
developed measures of attention to information and preven-
tive behaviors during the pandemic (Hinkin, 1995) using
SPSS 22.0 (IBM SPSS Statistics, New York, United States).
First, to prepare for EFA, we performed reliability tests and
item purification using Cronbach’s alpha and corrected-item
total correlation (CITC). Second, to test whether the data are
suitable for EFA, the Kaiser-Meyer-Olkin (KMO) and Bartlett
sphericity tests were adopted. Finally, EFA was performed on
data collected from the first-round survey to test factor

structure (Jarvis et al., 2003). The results of the analysis of
the self-developed measures are shown in Table 2.

According to the suggestion of Nunnally (1978),
Cronbach’s alpha of the scale should be greater than 0.6,
and the CITC index should not be lower than 0.5. The results
in Table 2 meet the above criteria, confirming that all items
can be kept. Second, the Bartlett sphericity test results
(p < 0.00) indicate a high correlation among items, and the
KMO value is 0.92 (greater than 0.7), showing that the partial
correlation between items is good. Therefore, the data are
suitable for factor analysis. Last, each item belongs to one
factor generated by the EFA with a loading value exceeding
0.8, which indicates that the items of each variable converged
as a separate construct (Nunnally, 1978). The total variance
explained exceeds 70%. Therefore, the self-developed mea-
sures of the two variables are acceptable.

Physical 

Distance
Anxiety

Preventive 

behaviorsH1
Attention to 

informationH4

Vertical

Collectivism

H
3 H6

Fig. 1 The proposed model

Table 1 Demographics of the Data Sample

Variables Characteristics N

Round 1 Round 2

Gender Male 104 948

Female 139 1113

Age Less than 18 26 89

18–25 90 772

26–30 42 448

31–40 53 505

41–50 22 177

51–60 9 61

Over 60 1 9

Education Junior high school or below 25 64

High school 22 219

Bachelor or college 127 1158

Master or above 69 620

Location Type Urban 183 1562

Rural 60 499

Location Wuhan 117 984

Non-Wuhan 126 1077

Total sample size 243 2061
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Main Study

Procedure and Participants

To further evaluate the self-developedmeasures and to test the
hypotheses developed in this research, we conducted the main
study employing another online questionnaire survey. In this
round of data collection, we investigated all needed variables.
To ensure the reasonableness of the sampling and overcome
the limitations regarding face-to-face contact restrictions, we
used the SurveyStar Company (Changsha Ranxing Science
and Technology, Shanghai, China) to help us collect data.
SurveyStar is the largest data collection platform and has a
trustworthy data collection service in China. In addition, to
check the attentiveness of the participants, we adopted two
strategies to keep participants from answering carelessly: 1)
setting up reverse-scored questions and 2) using screening
items (e.g., “There are 28 hours in a day”). We eliminated
invalid answers for the purpose of ensuring the validity of
the collected data. The second questionnaire survey was dis-
tributed to Chinese residents from March 9–17, 2020, when
the spread of COVID-19 was at its peak in China. A total of
2543 Chinese people in China completed our questionnaire.
After the data cleaning process, we eventually obtained 2061
valid responses from 244 cities across 30 provinces in China,
yielding a response rate of 81.05%. The specific demographic
characteristics of the participants in the second round of sur-
veys are also shown in Table 1.

Measures

All the latent variables in this research were measured using a
7-point Likert scale ranging from 1 = strongly disagree/unfit/
never to 7 = strongly agree/fit/every time.

Physical distance was self-reported by asking the partici-
pants to describe their distance from the nearest confirmed
case as 1 = less than 200 m, 2 = 200 m-1 km, 3 = 1–5 km,
4 = 5–10 km, 5 = 10–20 km, 6 = 20–50 km, 7 = more than
50 km, or 0 = not sure. Participants who reported “not sure”
were deleted from the final data analysis. We adopted this
method for several reasons. First, this research focused on
the effects of the location information of patients. However,
the availability of and attention to this information are differ-
ent for individuals, and subjective distance predicts an indi-
vidual’s interaction better than objective distance (Siebdrat
et al., 2014). Hence, we asked the participants to report dis-
tances themselves. Second, because the participants might not
be able to give an accurate estimation of distance, we provided
interval distance data to the participants and let them choose
what they think is the best. Third, although we claimed that
physical distance from patients is negatively related to citi-
zens’ anxiety, this relationship should not be linear. For ex-
ample, controlling for other possible influencing factors, citi-
zens living 1 km away from patients were very likely to have
higher levels of anxiety than citizens living 5 km away from
patients. However, citizens living 26 km away from patients
will likely have a similar level of anxiety as those living 30 km
away from patients, although their distance differences are
both 4 km. Previous studies will standardize physical distance
values by using log transformation of objective distance (e.g.,
Siebdrat et al., 2014). Thus, instead of using an equidistant
scale, we used a scale with increasing spacing, which is nearly
in line with log transformation.

Anxiety was measured with 5 items from the short-form of
the state anxiety scale of the Spielberger State-Trait Anxiety
Inventory (STAI), which was developed by Marteau and
Bekker (1992). We asked the participants to what extent cer-
tain emotions (i.e., feeling calm, tense, upset, relaxed, and
worried) matched their actual feelings during the pandemic.

Table 2 Results of the EFA (N = 243)

Variables Items Loading CITC Cronbach
α

KMO Bartlett sphericity test

Approx. Chi-
Square

df Sig.

Preventive
behaviors

When you go out during this outbreak, how often do you:
1. Wear a mask?

0.905 0.777 0.858 0.738 362.618 3 0.000

2. Disinfect yourself? 0.887 0.746

3. Wash your hands? 0.884 0.735

Attention to
information

1. I cannot wait to read every piece of information about the
epidemic situation.

0.866 0.702 0.857 0.726 330.503 3 0.000

2. Every day when I get up, I cannot wait to hear the latest
development about the epidemic.

0.903 0.768

3. The most important thing I care about now is information
about the epidemic.

0.877 0.721
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Vertical collectivismwas measured with 4 items developed by
Triandis and Gelfand (1998). A sample item is “Family mem-
bers should stick together, no matter what sacrifices are re-
quired”. Attention to information and preventive behaviors
were measured by items that we developed in the pilot study.

Control variables were included according to suggestions
from previous studies. First, we controlled for the
sociodemographic variables of the participants, including
age, gender, education, location, and location type, following
the suggestions from Wang, Pan, Wan, Tan, Xu, Ho, et al.
(2020). Additionally, we controlled for relational distance (we
asked the respondents to indicate whether they or their rela-
tives had been infected by COVID-19), confidence in over-
coming this pandemic, and the controllability of this pandem-
ic, which were suggested to have significant impacts on citi-
zens’ emotions and preventive behaviors.

Data Analysis Strategies

First, we used confirmatory factor analysis (CFA) to further
test the new measures of attention to information and preven-
tive behaviors, which were developed in the pilot study. Then,
the descriptive statistics and correlation analysis were calcu-
lated. Cronbach’s alpha, KMO, Bartlett sphericity test, com-
posite reliability (CR), and average variance extracted (AVE)
were adopted to examine the construct reliability and validity
of key variables using SPSS 22.0 (IBM SPSS Statistics, New
York, United States). In addition, CFA was used to test the
measurement model and to address the common-method bias
caused by self-reporting using a Harman one-factor test
(Podsakoff et al., 2003). Finally, we adopted hierarchical re-
gression analysis to test associations of focal variables in the
hypothesized model (Hypotheses 1–5) and used path analysis
to empirically test the mediation effect (Hypothesis 6). The
hypotheses were tested by usingMplus 7.4 software following
the procedures proposed by Klein and Moosbrugger (2000).

Results

Test of the Self-Developed Measures

To further verify the reliability of the EFA results in the pilot
study, CFA was carried out with the second-round samples in
Mplus 7.4. The results of the CFA for the variables rated by
self-developed measures reached an acceptable level.
Specifically, chi-square (χ2) = 43.568, with degrees of free-
dom (df) = 8, comparative fit index (CFI) = 0.991, Tucker-
Lewis index (TLI) = 0.983, root mean square error of approx-
imation (RMSEA) = 0.046 and standardized root mean square
residual (SRMR) = 0.026.

Preliminary Analysis

Table 3 provides the means, standard deviations, and intercor-
relations for the sociodemographic characteristics, psycholog-
ical states and preventive behaviors of the respondents in-
volved in the second round of surveys during the COVID-19
pandemic. The Pearson correlation coefficients in Table 3
show that the variables demonstrate moderate correlations
with no overlap, preliminarily providing a basis for the
model’s assumptions.

Based on the data obtained from the second round of sur-
veys, the reliability and validity of the scale were calculated
using SPSS 22.0 software. On the one hand, as shown in
Table 3, the Cronbach’s alpha coefficients of all the focal
variables are higher than .70, which proves that the scale has
good reliability and passes the internal consistency test. On the
other hand, the KMO values of all the latent variables are
greater than .60 (ranging from 0.66 to 0.76). The Bartlett
sphericity test of each variable is significant, and all the factor
loadings are greater than .50. The composite reliability (CR)
estimates range from 0.84 to 0.91, which are ideally accept-
able at more than 0.70 (Fornell & Larcker, 1981). These re-
sults thereby confirm that these scales have good reliability.
Convergent validity was tested by average variance extracted
(AVE), and the AVE values for vertical collectivism, public
anxiety, preventive behaviors, and attention to information
were 0.58, 0.52, 0.65, and 0.76, respectively, which are all
higher than 0.5 (Fornell & Larcker, 1981). Discriminant va-
lidity was assessed by comparing the square of the construct
correlation with the AVE values, and the AVE values
exceeded the square of the correlation among these three var-
iables. Overall, the measures of the three latent variables in
this research have acceptable validity and reliability.

Measurement Model

CFAs were adopted to examine the construct validity of the
focal variables. We found that our hypothesized four-factor
model (anxiety, vertical collectivism, attention to information,
preventive behaviors) is a better fit for the data (χ2 = 669.55,
df = 84, CFI = .94, TLI = .92, RMSEA = .06, SRMR = .04)
than the other 6 constrained models, in which any two of the
four factors were combined (1339.57 ≤Δχ2(Δdf = 3) ≤
2700.54, ps < .001). In addition, the measures were all self-
reported, which may have introduced the possibility of com-
mon method variance (Podsakoff et al., 2003). Thus, we also
conducted a CFA in which all items of multiple-item variables
loaded on one latent factor. The results show that the one-
factor model poorly fits the data (χ2 = 6641.10, df = 90,
CFI = .28, TLI = .16, RMSEA = .19, SRMR = .17).
Therefore, common method bias was not a significant prob-
lem in the study.
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Hypothesis Testing

To test our hypotheses, we adopt hierarchical regression anal-
ysis, and the regression results are shown in Table 4. We
introduce the variables step by step to test each hypothesis
individually. First, the control variables are introduced in the
basic model (i.e., the first model for each dependent variable
in Table 4) to rule out their potential influences. Subsequently,
we introduced the focal variables that are related to our hy-
potheses into the models (i.e., the subsequent models for each
dependent variable in Table 4). Thus, we can obtain the effect
size of the newly added variables on the dependent variables
by comparing the change in the R-squared of different models.

As shown in Model2 in Table 4, physical distance to con-
firmed or suspected cases is negatively related to citizens’
anxiety (b = −.11, p < .01) after controlling for other potential
influencing factors, which supports Hypothesis 1. On the basis
of Model2, vertical collectivism is added to examine the ef-
fects of vertical collectivism on anxiety. The latent moderated
structural equations (LMS) approach is used to construct the
potential interaction between the variables (Klein &
Moosbrugger, 2000). In addition, to reduce the collinearity
problem, all the interaction items involved in the analysis are
ground-mean centered. The results of Model3 in Table 4 show
that vertical collectivism has a significant negative effect on
citizens’ anxiety (b = −.05, p < .05), which is consistent with
Hypothesis 2. In addition, the coefficient of the interaction
term of physical distance and vertical collectivism on citizens’
anxiety was significant (b = −.03, p < .05). According to the
results of the simple slope test, which is shown in Fig. 2, the

relationship between physical distance and citizens’ anxiety
was stronger when citizens’ vertical collectivism was higher
(b = −.14, p < .001) than when it was lower (b = −.08,
p < .001). This finding supports Hypothesis 3.

As shown in Model5 in Table 3, citizens’ anxiety is posi-
tively related to their attention to information concerning
COVID-19 (b = .24, p < .01). Thus, Hypothesis 4 is support-
ed. In addition, as shown in Model7, citizens’ attention to
information is positively related to citizens’ preventive behav-
iors (b = .07, p < .01), which supports Hypothesis 5.
Additionally, to test Hypothesis 6, we applied a path analysis.
Hypothesis 6 proposed that attention to information will me-
diate the relationship between citizens’ anxiety and preventive
behaviors according to the AET framework. The results of the
path analysis with 10,000 bootstrap samples show that the
mediation effect of attention to information was .02 (95%
confidence interval (CI) = [.01, .03] excluding zero), which
provides support for Hypothesis 6.

Overall, the above results are summarized in Fig. 3, which
shows that all hypotheses in this study have been supported.

Discussion

Now, we can answer the research question: How does the
location information of patients, particularly physical distance
to the nearest patients, influence citizens’ anxiety, attention to
information and preventive behaviors during a pandemic? The
results of this research indicate that physical distance to the
nearest patients has a significant negative effect on citizens’

Table 3 Descriptive statistics, correlations and reliabilities of the main variables

Variables Mean SD 1 2 3 4 5 6 7 8 9 10 11 12 13

1. Age 3.06 1.21 –

2. Gender .54 .50 −.13** –

3. Education 3.13 .72 .14** −.00 –

4. Location .48 .50 −.13** .02 −.41** –

5. Location Type .24 .43 −.28** .00 −.17** .12** –

6. Relational Distance .14 .35 .05* −.01 −.09** .34** −.06* –

7. Confidence 6.01 1.43 −.02 .03 .00 −.05* .00 −.06** –

8. Controllability 5.93 1.13 .05* −.04 −.02 −.06** −.03 −.09** .25** –

9. Physical Distance 4.18 1.84 −.12** .03 −.06** −.22** .19** −.28** .05* .05* –

10. Vertical Collectivism 5.61 1.02 .17** −.02 .00 .10** −.03 .04 .12** .17** −.05* (0.76)

11. Anxiety 3.69 1.07 .02 .16** .04 .14** .02 .18** −.14** −.21** −.24** −.07** (0.77)

12. Attention to Information 4.76 1.29 .07** .04 −.12** .20** .06* .08** .08** .11** −.03 .27** .17** (0.84)

13. Preventive Behaviors 6.02 1.03 .14** .07** .05* .00 −.28** .04 .08** .12** −.12** .12** .03 .12** (0.71)

Note: Cronbach’s alpha coefficients are in brackets. Age: 1 = less than 18 years old; 2 = 18–25 years old; 3 = 26–30 years old; 4 = 31–40 years old; 5 =
41–50 years old; 6 = 51–60 years old; and 7 =more than 60 years old. Gender: 0 =male and 1 = female. Education: 1 = junior high school or below; 2 =
high school; 3 = Bachelor or college; and 4 =Master or above. Location: 0 = non-Wuhan, 1 =Wuhan. Location Type: 0 = Urban, 1 = Rural. Physical
Distance: 1 = less than 200 m; 2 = 200 m-1 km; 3 = 1–5 km; 4 = 5–10 km; 5 = 10–20 km; 6 = 20–50 km; and 7 =more than 50 km. Relational Distance,
0 = strangers who have been confirmed or suspected cases, 1 = people who they know have been confirmed or suspected cases (e.g., self, spouse, parents
or offspring, siblings, other relatives, neighbors and acquaintances); ** p < .01, * p < .05
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anxiety. In addition, vertical collectivism can reduce anxiety,
but it can also strengthen the effect of physical distance on
anxiety. Furthermore, anxiety can improve citizens’ preven-
tive behaviors through paying attention to information. These
findings provide several theoretical and policy implications.

Theoretical Implications

First, this study contributes to the health communication liter-
ature by revealing the effects of location information of pa-
tients as a fear appeal, especially about the physical distance to

the nearest patients on citizens during a pandemic. Concerning
health communications, to maintain social stability and reduce
the negative impacts of health crises on residents, researchers
and public administrators have made great efforts to explore
the role of epidemic information during the COVID-19 pan-
demic (Liao & Wang, 2021) and have focused on different
types of information, such as case information or statistical
information (Liu et al., 2020). However, the effects of infor-
mation about where patients were located were neglected.
Location information can inform citizens about the physical
distance to the nearest patients, and our findings demonstrate

Table 4 Regression results

Predictors Anxiety Attention to information Preventive Behaviors

Model1 Model2 Model3 Model4 Model5 Model6 Model7

Constant 4.00**

(0.20)
4.62**

(0.21)
4.83**

(0.21)
2.16**

(0.27)
1.02**

(0.31)
4.71**

(0.26)
4.63**

(0.26)

Control variables

Age 0.04*

(0.02)
0.03
(0.02)

0.04
(0.02)

0.08**

(0.02)
0.07**

(0.02)
0.05*

(0.02)
0.04*

(0.02)

Gender a 0.35**

(0.05)
0.36**

(0.05)
0.36**

(0.03)
0.14**

(0.05)
0.06
(0.05)

0.16**

(0.05)
0.15**

(0.05)

Education 0.14**

(0.04)
0.11**

(0.03)
0.11**

(0.03)
−0.10*

(0.04)
−0.13**

(0.04)
0.00
(0.03)

0.01
(0.03)

Location b 0.26**

(0.05)
0.17**

(0.05)
0.18**

(0.05)
0.39**

(0.06)
0.35**

(0.06)
0.05
(0.05)

0.02
(0.05)

Location Type c 0.10
(0.05)

0.18**

(0.05)
0.18**

(0.05)
0.17**

(0.06)
0.13*

(0.06)
−0.62**

(0.06)
−0.63**

(0.06)

Relational Distance d 0.40**

(0.07)
0.29**

(0.07)
0.28**

(0.07)
0.10
(0.08)

0.04
(0.08)

0.01
(0.07)

0.01
(0.07)

Confidence −0.06**

(0.02)
−0.06**

(0.02)
−0.06**

(0.02)
0.04*

(0.02)
0.05**

(0.02)
0.04**

(0.02)
0.04*

(0.02)

Controllability −0.15**

(0.02)
−0.15**

(0.02)
−0.14**

(0.02)
0.08**

(0.03)
0.11**

(0.03)
0.09**

(0.02)
0.08**

(0.02)

Focal variables

Physical Distance −0.11**

(0.01)
−0.11**

(0.01)
0.01
(0.02)

0.03*

(0.02)
−0.03*

(0.01)
−0.03*

(0.01)

Vertical collectivism −0.05*

(0.02)
0.29**

(0.03)
0.31**

(0.03)
0.08**

(0.02)
0.06*

(0.02)

Physical Distance × vertical collectivism −0.03**

(0.02)
Anxiety 0.24**

(0.03)
0.04
(0.02)

0.02
(0.02)

Attention to Information 0.07**

(0.02)

R-squared 0.118 0.148 0.154 0.123 0.156 0.119 0.126

Δ R-squared 0.030 0.006 0.033 0.007

F value 34.188** 39.623** 33.852** 28.678** 34.362** 25.107** 24.637**

Note: Standard errors in parentheses, N = 2061, ** p < .01, * p < .05
a dummying variable, 0 =male, 1 = female;
b dummying variable, 0 = non-Wuhan, 1 =Wuhan;
c dummying variable, 0 = urban, 1 = rural;
d dummying variable, 0 = strangers, 1 = self, spouse, parents or offspring, siblings, other relatives, neighbors and acquaintances
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that this type of information, as a fear appeal, can encourage
audiences to engage in healthy behaviors.

Second, this research contributes to the public health crisis
management literature. To better manage a public health cri-
sis, researchers have separately explored physical distance
(Manabe et al., 2012), citizens’ anxiety (Wang, Pan, Wan,
Tan, Xu, Ho, et al., 2020; Sadeghzadeh et al., 2021), attention
to information (Bento et al., 2020) and preventive behaviors
(Basch et al., 2020a). This model provides researchers with
new perspectives by which to explain the relationship among
physical distance, citizens’ emotions, attention to information
and behaviors, which all tend to emphasize the importance of
understanding citizens’ reactions in crises (Scott et al., 2015).

Third, this research contributes to fear appeal theories by
revealing the effects of vertical collectivism as a personality
trait in influencing citizens’ threat appraisal about threat infor-
mation. Fear appeal theories claim that the same fear appeal
will produce different perceptions based on the differences in
individual personality. The current research reveals the two-
fold effects of vertical collectivism on fear appeals during the
COVID-19 pandemic. On the one hand, citizens with high
vertical collectivism are more willing to stay at home with
their families (Komarraju & Cokley, 2008), and they show a
lower level of anxiety when they need to self-isolate at home
in a crisis, such as during the COVID-19 pandemic. On the
other hand, vertical collectivism strengthens the negative re-
lationship between physical distance and anxiety because

citizens with high levels of vertical collectivism care more
about their families, which leads to additional amounts of
anxiety when patients infected with the virus are present in
the neighboring area.

Fourth, this research has confirmed the positive effect of
anxiety based on fear appeal theories. Usually, scholars in the
field of psychology define anxiety as a negative emotion and
try to find ways to control it. In this research, we found that
anxiety has a positive impact on improving citizens’ preven-
tive behaviors during a pandemic, which is conditional on the
mediating effect of citizens’ attention to information. These
findings imply that a moderate level of anxiety is beneficial to
citizens, highlighting the significant role of information in
public crisis management. These findings not only contribute
to the crisis management literature but also help psychology
researchers interpret the positive effects of the public’s nega-
tive psychological states.

Practical and Policy Implications

This paper also provides significant practical and policy
implications. First, our findings show that the presence of
patients in a neighboring area can provoke anxiety, which is
consistent with the finding of the study by Manabe et al.
(2012) that was conducted in the context of H5N1 outbreaks.
In this regard, on the one hand, governments should refute
rumors that include fake locations of patients to avoid

Fig. 2 Vertical collectivism
moderates the negative
relationship between physical
distance and citizens’ anxiety

Physical 

Distance
Anxiety

Preventive 

behaviors

Attention to 

information

Vertical

Collectivism

-0.03
**

-0.11
**

-0.05
*

0.24
**

0.07
**

Fig. 3 Unstandardized estimates
of the path coefficients. ** p < .01,
* p < .05
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unnecessary anxiety among citizens. On the other hand, local
governments should provide the necessary psychological
counseling to residents of communities where confirmed pa-
tients are located (Zhu et al., 2008). Online trauma-focused
psychotherapy has also been proven to be helpful in reducing
public anxiety (Wang, Pan, Wan, Tan, Xu, McIntyre, et al.,
2020). Regarding offline psychological counseling,
community-based organizations can also actively work with
local governments to offer these services (Cheng et al., 2020).

In addition, we have proven the mediating role of attention
to information in the relationship between citizens’ anxiety
and preventive behaviors. To make full use of the positive
effects of anxiety, governments need to use various channels
to disclose epidemic information and provide support for the
public’s attention to information. More importantly, govern-
ments should promptly disclose correct pandemic information
and eliminate fake news or misinformation (Yu et al., 2005).
Only accurate information can guide citizens to engage in the
correct preventive behaviors and avoid maladaptive behaviors
such as unnecessary trips to emergency rooms or the overuse
of other emergency health resources (Basch et al., 2020b). For
example, the Chinese government has established rumor mod-
ules on social media platforms, such asWeibo andWeChat, to
eliminate rumors and incorrect preventive behaviors related to
the COVID-19 pandemic. Likewise, the Indian government
has also requested top social media companies, such as
Facebook, YouTube, TikTok, ShareChat, and Twitter, to stop
publishing misinformation (D'Souza et al., 2020).

Limitations and Future Directions

Although the article synthesizes previous research and inves-
tigates the effects of location information of patients on citi-
zens during pandemics based on fear appeal theories, there are
still some limitations to the research that need to be resolved
by future studies. First, the data we obtained from the survey
are cross-sectional, which may lead to the phenomenon of
reverse causality in the results (Zhang et al., 2014). As Maio
et al. (2018) stated, attitudes can easily change, and cross-
sectional data cannot clearly reflect the dynamic relationship
trend between these variables. Thus, future longitudinal data-
based studies would be useful for better identifying clear caus-
al relationships among these constructs. Second, another po-
tential limitation stems from citizens’ self-reported measures
of their own perceptions, which may contain individual per-
ceptual bias (Scopelliti et al., 2021). For example, citizens’
self-reported distance from the nearest confirmed case might
be different from the actual distance. Because this research
focused on the effects of location information of patients, the
availability of and attention to this information varies among
individuals. Thus, we used self-reported rather than objective
data to measure distance because it reflects citizens’ reception
and interpretation of this information and will better predict

individuals’ reactions (Siebdrat et al., 2014). However, we
still acknowledge this limitation and note that our results
should be interpreted in conjunction with more findings from
other normative, qualitative, and quantitative studies. Last,
because individuals with different preferences for affective
and cognitive information will respond to social information
differently (Aquino et al., 2020), and attitudes toward others
will influence their information processing and behaviors
(Maio et al., 2018), it is important for future studies to deepen
the roles of individual preferences for affective and cognitive
information and attitudes in our model.

Conclusion

In the context of the COVID-19 pandemic, the issue of how
information about the location of patients, i.e., physical dis-
tance to the nearest patients, influences citizens’ emotions,
attention to information and behaviors needs to be addressed.
This study was based on fear appeal theories and revealed that
a shorter physical distance to patients will provoke higher
levels of anxiety, thereby leading to more attention being paid
to pandemic information and eventually influencing citizens’
preventive behaviors. In addition, citizens’ personality, such
as vertical collectivism, also plays a critical role in this chain
reaction, including reducing citizens’ anxiety directly and
strengthening the impact of physical distance on anxiety.
These findings provide significant evidence-based support
for governments to use as they engage in measures to reduce
citizens’ anxiety and improve their preventive behaviors dur-
ing this pandemic. In addition, this study also offers measures
that the government or the public can apply to reduce anxiety
and increase preventive behaviors. Although this chain reac-
tion is proven in the context of COVID-19 in China, the use of
this model in other countries or regions needs further testing.
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