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Abstract

The COVID-19 pandemic and its associated disruptions have significantly impacted university
students’ lives worldwide. The COVID Stress Scale (CSS) is a 36-item self-reporting instrument
designed to measure stress caused by the COVID-19 pandemic. This study purposed to
examine the psychometric properties of the Korean version of the CSS for use with Korean
university students. The study sample comprised 402 undergraduate students enrolled in a
four-year private university in central South Korea. This cross-sectional investigation
employed an anonymous online survey conducted during the peak of the COVID-19 pandemic.
The forward-backward translation method was adopted to convert the original English version
of the CSS to Korean. Confirmatory factor analysis (CFA) was performed to determine the
structure of the CSS. Convergent validity was assessed using correlation analysis with the
Hospital Anxiety and Depression Scale (HADS). McDonald’s omega and Cronbach’s alpha
reliability coefficients were used to evaluate reliability. The results revealed that a bifactor
model specifying general factors and the six specific factors of danger, contamination,
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socioeconomic characteristics, xenophobia, traumatic stress symptoms, and compulsive
checking and reassurance seeking provided the best fit among all alternatives. Further
investigations demonstrated that the general factor of COVID-19-related stress accounted for
the majority of CSS variances than the six specific factors. The results highlighted the
unidimensionality of the measure. Additionally, the actions displayed excellent internal
consistency. Our findings endorse the use of the Korean version of the CSS as a tool for
measureing general stress experienced in reaction to the COVID-19 pandemic and we support
using the instrument’s total score in this context.
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1. Introduction

An unprecedented public health crisis has been caused by the emergence and rapid spread of
coronavirus disease (COVID-19) and its high rates of morbidity and mortality. The high infectivity
and mortality rates of COVID-19 led the Korean government to implement several measures to
prevent the spread of the virus, for instance, imposing lockdowns and quarantines [1]. However,
the lockdowns enforced in response to COVID-19 disrupted almost all aspects of human life
including work, education, health care, economy, and relationships. Meta-analyses have suggested
that emergency measures such as quarantines and social, and physical distancing mandates were
probably crucial in controlling the spread of the infectious disease. However, these actions were
also associated with anxiety, depression, stress, loneliness, and isolation and negatively impacted
mental health [2, 3]. Hence, researchers must seriously attend to the negative effects of COVID-19
on public mental health. University students are no exception: the pandemic also adversely
influenced their psychological well-being. A systematic review and meta-analysis of 60 studies from
10 countries deduced that university students were potentially particularly vulnerable to the mental
health consequences of COVID-19 because of the extensive closure of universities, the consequent
shift to the online learning environment, and the disruptions in their daily routines in terms of
activities, goals, and social relationships [4, 5]. In addition, COVID-19 severely affected the higher-
education system in developing countries as many students lacked adequate internet access at
home to avail themselves of remote learning [6, 7]. A global heightening of the percentages of
mental health issues has also been observed; studies have consistently discovered that university
students suffered increased psychological stress and experienced more depressive and anxiety
symptoms during the pandemic [8-10]. The growing prevalence of mental health problems in
university students has reinforced the need for valid instruments that can identify and assess
specific sources of stress emanating from the COVID-19-related experiences of university students.

However, specific robust screening tools that could promptly identify stress related to COVID-19
exposure or infections are lacking [11]. Most studies investigating psychological responses to
COVID-19 during the pandemic have utilized traditional assessment tools such as the Patient Health
Questionnaire-9 (PHQ-9) [12], the Generalized Anxiety Disorder-7 (GAD-7) [13], and the General
Health Questionnaire (GHQ-12) [13]. Such measures are not specific to a singular disease such as
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COVID-19. Their use could thus cause under- or over-diagnosis stemming from the absence of any
particular face validity apropos COVID-19 [11]. Therefore, the COVID-19 Stress Scales (CSS) was
recently developed in English to offer a multifaceted assessment of COVID-19-related distress in the
Canadian and American populations [14]. The CSS measures five facets of COVID-19-related
suffering, including fears about the dangerous nature of COVID-19, socioeconomic concerns, COVID-
19 xenophobia, traumatic stress symptoms related to COVID-19, and compulsive checking and
reassurance-seeking symptoms. The CSS was valid and reliable in the North American context [15];
however, whether it measures the same construct in different populations remains a question that
requires an empirical response.

The CSS has already been translated into several languages and empirically validated in diverse
cultures. Recent studies have confirmed the psychometric properties of the CSS, yielding consistent
and adequate results. However, at least three limitations currently prevent the use of this
instrument in Korean university and research contexts. First, the participants of Khosravani et al.’s
study [16] included persons with anxiety disorders (ADs) and obsessive-compulsive disorder (OCD)
who were recruited from psychiatric hospitals and several clinical centers in Iran. Our university
student sample could differ in crucial ways from such clinical samples comprising psychiatric
patients. Second, the age span of the samples (18 to 86) used for the extant investigations (e.g., [17-
21]) typifies questionnaire validation studies but is much broader than the ages exemplified by
university students. These samples also represent general adult populations. Third, Abbady et al.’s
study [22] include university students from Egypt and Saudi Arabia but employed the robust
maximum likelihood method to illustrate the confirmatory factor analysis (CFA) model. Our study
used the diagonally weighted least squares mean and variance corrected (WLSMV) estimator. Given
these limitations, the existing literature may not sufficiently validate the applicability of the CSS to
Korean university students.

Further, several issues still require exploration despite the abovementioned potential of the CSS.
First, no study mentioned above has tested a bifactor model. Taylor et al. developed the CSS
assuming a multidimensional structure (five- or six-factor structure) and previous psychometric
work has supported a five- or six-factor structure of the CSS. Still, such a multidimensional structure
may be problematic. Theoretically, the assumed five- and six-factor CSS models do not align with
the instrument’s scoring system. A five- or six-factor CSS structure would translate into a separate
calculation and interpretation of the scores for danger, contamination, socioeconomic
characteristics, xenophobia, traumatic stress symptoms, and compulsive checking and reassurance
seeking. However, researchers typically calculate a total CSS score (i.e., use a continuous scoring
system) by aggregating the 36 items (e.g., [16, 21]). This practice suggests the presence of a general
factor among the 36 items and conflicts with the initial aim of the CSS, which is to measure five or
six distinct components associated with COVID-19-related stress. Abbady et al. included a second-
order factor in their analyses, revealing the presence of a general factor (the five-factor model was
preferred but the second-order factor was associated with a marginally acceptable fit). However,
second-order factor analyses do not allow a direct comparison of strengths between the general
and specific group factors. It is thus incapable of evaluating any contribution of unique variance by
the discrete subscales [23]. This assumption remains untested. Additionally, only one extant study
has suggested that the CSS may be assessed either through scale scores or through a unitary total
score. Still, the authors recommend the evaluation methods should be utilized depending on
particular situations and suitability [18]. Thus, scholars have not achieved a consensus on apropos
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the structure and scoring system of the CSS. Second, no study has thus far explored the
psychometric properties of the Korean version of the CSS in a sample of Korean university students.
Identifying the efficient measurement of such constructs in this population is especially important.

Therefore, our study aimed to deliver data on the factorial structure and psychometric properties
of the Korean version of the CSS by administering it to university students, given its potential utility
and current unavailability in Korea. Specifically, we sought to further elucidate the structural model
of the CSS by comparing the fit suggested by previously mooted models, (i.e., the one-, four-. five-,
and six-factor frameworks) and the alternative bifactor structure. We also intended to better inform
the computation and interpretation of the CSS scores. Further, we purposed to explore the internal
consistency and investigate the associations between the CSS and corresponding psychiatric
instruments for these constructs.

2. Materials and Methods
2.1 Participants

A convenience sample of 402 undergraduate students (110 male and 292 female) currently
enrolled at a four-year private university in central Korea was recruited for the study. The
participants were aged between 19 and 50 years, with a mean age of 21.9 years (SD = 2.71). Most
respondents (92%) were 19-24 years old, and the ages of the remainder (8%) spanned between 25
and 50. Only three students were aged 40 years and above: one each at 40, 48, and 50 years. The
study sample comprised students in degree programs majoring in arts, culinary arts, education,
social work, and public health.

2.2 Procedures

Data were collected anonymously via an online survey administered on the Google platform
between January 8, 2022, and March 8, 2022. This period corresponded to the pandemic-caused
lockdown in Korea because of a significant increase in COVID-19 infections. Students were then
experiencing the consequences of university closures along with social restrictions. Instructors in
different faculties at the university were sent a link to the survey via email. They forwarded the link
to their students using the university’s mailing lists. The email messages described the purpose of
the study, apprised students of the voluntary and confidential nature of their participation, and
included a link through which they could access the online questionnaire. Participants visiting the
linked website were required to tender online consent before completing the survey. The complete
set of questions was presented after they agreed to participate in the study, which was approved
by the relevant Research Ethics Committee of the university where the study was conducted
(Protocol Code: 1041549-190709-SB-76).

2.3 Measures
2.3.1 The COVID Stress Scale (CSS)

The CSS is a 36-item self-reporting questionnaire encompassing six domains related to COVID-19
(1) fears about its dangerousness (DAN; six items), (2) qualms about its socioeconomic
consequences (SEC; six items), (3) xenophobia resulting from its presence (XEN; six items), (4) fears
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about sources of COVID-19-related contamination (CON; six items), (5) its associated traumatic
stress symptoms (TSS; six items), and (6) the disease-related checking and reassurance seeking (CHE;
six items) [15]. The items are rated on a five-point Likert-like scale ranging from 0 (not at all) to 4
(extremely). The sum of all six domain scores denotes the total tally, which ranges from 0 to 144. A
higher total mark indicates a greater level of COVID-19 pandemic-related stress. Taylor et al.’s study
of U.S. and Canadian samples reported Cronbach alpha coefficients calculated at >0.80 for each of
the five scales, indicating good to excellent reliability and internal consistency.

2.3.2 The Hospital Anxiety and Depression Scale (HADS)

The HADS self-reporting questionnaire was developed to assess the severity of the core
symptoms of anxiety and depression in people with a physical illness [24]. The questionnaire
contains 14 items and consists of two subscales: anxiety (7 items) and depression (7 items). Each
item is scored on a four-point Likert-like scale ranging from 0 to 3, yielding the maximum score of
21 for anxiety and depression. Higher scores on HADS represent higher levels of anxiety and
depression. Oh et al. translated and validated the Korean version used in this study [25]. Oh et al.’s
study computed the reliability of the Korean versions of the HADS-A and HADS-D at 0.89 and 0.80,
respectively. The internal consistency for this study was adequate at 0.87 for HADS-A and 0.81 for
HADS-D.

2.4 Translation of the COVID Stress Scale

The forward-backward translation method was applied to convert the original English version of
the CSS into Korean. The bilingual author of the present study accomplished the forward translation,
while an independent professional translator blinded to the original English questionnaire
performed the backward translation. The author and translator subsequently discussed the
translations to identify and correct any discrepancies. The final version of the CSS was generated in
Korean after effecting due modifications and ensuring consensus between the author and translator.
The final questionnaire was pilot tested with ten participants to elicit additional comments about
clarity, but no appreciable remarks were noted during this process.

2.5 Statistical Analyses

The data for all the study items were screened for missing values and normality before the
analyses were conducted. Less than 5% of the total cases in the data set displayed missing values,
which were replaced using the expectation-maximization (EM) algorithm. All items were normally
distributed and demonstrated skewness and kurtosis values within the acceptable £1.5 range. Next,
CFA was performed using the diagonally weighted least squares with mean and variance corrected
(WLSMV) estimation. Flora and Curran [26] showed that the WLSMV performed better than
weighted least squares (WLS) and maximum likelihood estimation (ML) in cases of small to
moderate samples and complex models even when non-normally-distributed ordinal data with a
small number of categories were analyzed; thus, we considered the WLSMV in our study.

We tested five competing models suggested in the extant literature and compared the resulting
fit indices to determine the best fit to our data. Adamczyk et al.’s one-factor model with all 36 CSS
items loaded onto a single factor was designated Model 1. Adamczyk et al.’s four-factor model was
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labeled Model 2: it combined the danger and contamination scales into a single factor. It specified
the traumatic stress symptoms and checking scales to target the same factor. Taylor et al. empirical
five-factor model from the EFA represented Model 3: it denotes the five latent variables as danger
and contamination, socioeconomic characteristics, xenophobia, traumatic stress symptoms, and
compulsive checking and reassurance seeking. Taylor et al.’s original theoretical six-factor model
encompassing danger, contamination, socioeconomic characteristics, xenophobia, traumatic stress
symptoms, and compulsive checking and reassurance seeking comprised Model 4. Finally, Model 5
was posited as a bifactor model in which COVID-19-related stress was viewed as a general factor
distinct from the six independent factors. In particular, the bifactor model included a general factor
onto which all items were allowed to load, and the second factor encompassed the orthogonal
individual elements of danger, socioeconomic characteristics, xenophobia, contamination,
traumatic stress symptoms, and compulsive checking and reassurance seeking. A bifactor-CFA
model offers a more flexible alternative to traditional higher-order factorial models as items can
simultaneously reflect the general factor of COVID-19-related stress as well as the six specific factors
reflecting the unique variance shared among items forming each of the six subscales that the
general factor does not explain. Hence, the general factor signals the variance shared by all items in
the model. In contrast, the specific factors explain parts of the variance not accounted for by the
general factor [27]. The following fit indices and their criteria were utilized to evaluate model fit
through the CFA: the chi-square (x?) and its related degrees of freedom (df); comparative fit index
(CFI); Tucker—Lewis index (TLI); root mean square error of approximation (RMSEA) and its 90%
confidence interval (90% Cl); and standardized root mean square residual (SRMR) (i.e., x2/df < 5; CFI
and TLI 2 0.95; RMSEA < 0.06; and SRMR < 0.08) [28-30].

No consensus has been reached regarding the acceptable sample size for factor analysis; some
scholars have highlighted the importance of the absolute number of cases (n), while others have
emphasized the case-to-variable ratio. Hence, we have considered both recommendations in
evaluating the sufficiency of our sample size. One suggested guideline is to recruit 5 or 10
participants per estimated parameter [31]. Meanwhile, others have indicated that 300 is a good
sample size for CFA [32]. In the case-to-variable category, some studies have recommended a ratio
of 10:1 [33, 34] but that the absolute minimum sample size should not be less than 250 participants
[31]. Regardless of the method of sufficiency evaluation, our sample was large enough for the
intended analysis. The n of 402 for 36 items meets the n > 300 and 10:1 requirements.

The item difficulty index was computed to examine how well an item differentiated between
different groups of participants. The item difficulty index ranged from 0 to 1: the higher the value,
the easier the item, and vice versa. Finally, we assessed Cronbach’s coefficient (a) and its 95%
confidence intervals to evaluate the reliability of the CSS. Coefficient a values of 0.70 were
considered adequate. We also calculated McDonald’s omega (w), omega hierarchical (wH), and
omega subscale (wS) coefficients. Omega (w) estimates the proportion of variance in the observed
scores attributed to all sources of common variance and the general factor within the bifactor
framework. According to Reise et al. [27], it corresponds to coefficient alpha for the total score, and
therefore our study established the computed value of 0.70 as minimally acceptable and 0.80 as
good. Omega hierarchical (wH) estimates the proportion of total score variance that can be assigned
to a single general factor. In contrast, the omega subscale (wS) indicates the unique share of
variance contributed by each subscale, excluding the contribution of the general factor. The scores
should be considered unidimensional if the wH value is >0.80. We also evaluated the explained
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common variance (ECV) to determine the relative strength of the general factor to the specific
factors. Higher values of ECV (>0.70) suggest that the measure is essentially unidimensional [28].
The associations between the CSS and the HADS were examined using correlations with Pearson’s r
to assess the convergent validity of the CSS. All analyses were executed using IBM SPSS Statistics 23
and MPlus 7.11.

3. Results
3.1 Descriptive Statistics

Table 1 presents the mean scores and standard deviations for the individual CSS item scores. The
mean total score of the current sample was 83.9 (SD = 28.7), suggesting overall that the participants
perceived moderate to severe stress levels due to the COVID-19 pandemic. The dimension of DAN
received the highest average domain score, while the aspect of TSS displayed the lowest average
mark (Table 2).
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Table 1 Descriptive statistics for CSS items.

ltem M SD

1. Iam worried about catching the virus 2.89 1.25
2. lam worried that | can’t keep my family safe from the virus 2.94 1.28
3. lam worried that our healthcare system won’t be able to protect my loved ones 2.76 1.26
4. lam worried that our healthcare system is unable to keep me safe from the virus 2.75 1.22
5. Iam worried that basic hygiene (e.g., handwashing) is not enough to keep me safe from the virus 2.64 1.20
6. | am worried that social distancing is not enough to keep me safe from the virus 2.87 1.20
7. lam worried about grocery stores running out of food 2.69 1.21
8. |l am worried that grocery stores will close down 3.05 1.29
9. |am worried about grocery stores running out of cleaning or disinfectant supplies 3.25 1.23
10. | am worried about grocery stores running out of cold or flu remedies 1.74 0.94
11. I am worried about grocery stores running out of water 2.04 1.09
12. | am worried about pharmacies running out of prescription medicines 1.88 1.00
13. | am worried that foreigners are spreading the virus in my country 1.80 0.99
14. If | went to a restaurant that specialized in foreign foods, I'd be worried about catching the virus 1.86 1.00
15. | am worried about coming into contact with foreigners because they might have the virus 1.84 0.99
16. If | met a person from a foreign country, I’d be worried that they might have the virus 1.99 1.08
17. If I was in an elevator with a group of foreigners, I'd be worried that they’re infected with the virus 1.91 1.07
18. | am worried that foreigners are spreading the virus because they’re not as clean as we are 1.98 1.10
19. | am worried that if | touched something in a public space (e.g., handrail, door handle), | would catch the virus 2.61 1.25
20. | am worried that if someone coughed or sneezed near me, | would catch the virus 2.23 1.18
21. | am worried that people around me will infect me with the virus 2.28 1.18
22. | am worried about taking change in cash transactions 2.53 1.27
23. | am worried that | might catch the virus from handling money or using a debit machine 2.25 1.20
24. | am worried that my mail has been contaminated by mail handlers 1.97 1.08
25. | had trouble concentrating because | kept thinking about the virus 1.86 1.00
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26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

Disturbing mental images about the virus popped into my mind against my will

| had trouble sleeping because | worried about the virus

| thought about the virus when | didn’t mean to

Reminders of the virus caused me to have physical reactions, such as sweating or a pounding heart
| had bad dreams about the virus

Searched the Internet for treatments for COVID-19

Asking health professionals (e.g., doctors or pharmacists) for advice about COVID-19
YouTube videos about COVID-19

Checking your own body for signs of infection (e.g., taking your temperature)
Seeking reassurance from friends or family about COVID-19

Social media posts concerning COVID-19

2.12
1.69
1.89
1.65
1.63
2.82
1.89
2.99
3.43
3.12
2.10

1.17
0.96
1.10
0.96
0.97
1.34
1.06
1.31
1.28
1.23
1.21
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Table 2 Average values, Cronbach’s a and MacDonald’s w reliability coefficients, correlation coefficients between domain, and correlations

of CSS and HADS.

Domains M SD w (95% Cl) a (95% Cl) 1 2 3 4 5 6 7 8 9

1. CSS Total 83.9 28.7 0.97 (0.96-0.97) 0.97 (0.97-0.97) 0.83 0.90 0.77 0.85 0.84 0.76 0.49 0.38
2. DAN 30.7 11.4 0.92 (0.91-0.93) 0.92(0.91-0.93) 0.77 0.52 0.63 0.57 0.59 0.46 0.35
3. SEC 14.7 5.39 0.87 (0.85-0.90) 0.88 (0.86-0.90) 0.64 0.75 0.70 0.62 0.42 0.33
4. XEN 11.4 5.74 0.96 (0.96-0.98) 0.96 (0.96-0.97) 0.57 0.66 0.46 0.35 0.29
5. CON 13.9 6.30 0.94 (0.93-0.95) 0.94 (0.93-0.95) 0.70 0.55 0.38 0.30
6. TSS 8.99 4.60 0.95 (0.94-0.97) 0.95 (0.94-0.96) 0.57 0.45 0.32
7. CHE 16.4 5.46 0.83 (0.79-0.86) 0.83 (0.80-0.85) 0.38 0.27
8. HADS-A 0.87 (0.84-0.86) 0.87 (0.85-0.88) 0.67
9. HADS-D 0.76 (0.72-0.77) 0.76 (0.72-0.79)

* All correlations are significant at the 0.01 level.

HADS-A = Hospital Anxiety Depression Scale — Anxiety, subscale HADS-D = Hospital Anxiety Depression Scale — Depression subscale.
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3.2 Confirmatory Factor Analysis (CFA)

The fit indices for all five models are shown in Table 3. The one-factor model exhibited the
poorest fit of the five theoretical exemplars, with values for CFI, TLI, RMSEA, and SRMR beyond the
recommended cut-offs (y?> = 6445.38, df = 594; x?/df = 10.9; CFl = 0.69; TLI = 0.68; RMSEA = 0.157
(90% Cl = 0.153-0.160); SRMR = 0.123). Next, the four-factor model could not be considered
acceptable even though it displayed a better fit than the one-factor template, as evidenced by a
decrease in the chi-square value and the improved CFI, TLI, RMSEA, and SRMR statistics (x? = 4066.64,
df = 588; x?/df = 6.9; CFl = 0.76; TLI = 0.75; RMSEA = 0.121 (90% CI = 0.118-0.125); SRMR = 0.100).
The five-factor model resulted in an improved but not acceptable fit to the data (x*> = 3736.16, df =
584; x?/df = 6.4; CFI = 0.86; TLI = 0.85; RMSEA = 0.116 (90% Cl = 0.112-0.119); SRMR = 0.093).

Table 3 Goodness-of-fit indices for competing models of the CSS.

Model X df x*/df CFI TLI RMSEA (90% Cl) SRMR
One-factor  6445.38 594 10.9 0.69 0.68 0.157 (0.153-0.160) 0.123
Four-factor  4066.64 588 6.9 0.76 0.75 0.121 (0.118-0.125) 0.100
Five-factor 3736.16 584 6.4 0.86 0.85 0.116 (0.112-0.119) 0.093
Six-factor 2752.34 579 4.8 0.91 0.90 0.072 (0.068-0.076) 0.068
Bifactor 1662.23 544 3.1 0.93 0.93 0.038 (0.037-0.038) 0.029

* x2 = chi square, df = degrees of freedom, CFl = comparative fit index, TLI = Tucker-Lewis index,
RMSEA = root mean square error of approximation, Cl = confidence interval, SRMR =
standardized root mean residual.

P<0.0

The six-factor model suited the data more than the one-, four-, and five-factor models and
showed an optimal fit across all indices (y?> = 2752.34, df = 579; ?/df = 4.8; CFl = 0.91; TLI = 0.90;
RMSEA = 0.072 (90% Cl = 0.068-0.076); SRMR = 0.068). The bifactor model with six specific factors
demonstrated the best overall model fit, with significant improvements over the one-, four-, five-
and six-factor exemplars and all fit indices were observed to fall well within the recommended
ranges (x? = 1662.23, df = 544; y?/df = 3.1; CFl = 0.93; TLI = 0.93; RMSEA = 0.038 (90% CI = 0.037-
0.038); SRMR = 0.029). The bifactor model evinced lower RMSEA values than the other models and
was therefore deemed the model that exhibited the best fit (Figure 1). The bifactor model evidenced
moderate to strong loadings on the general factor, ranging from 0.41 to 0.89 (Table 4). All loadings
on the general factor were significant at p < 0.001. Compared to item loadings on the factor
encompassing specific elements, the loadings for the general factor were stronger than those for
the factor including specific components, which were mostly weak and nonmeaningful except for
items 13, 14, 30, 32, and 36. These results suggest that a general factor could explain a large
proportion of the variance of the items.
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General
Factor

Figure 1 The conceptual bifactor model of the CSS.
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Table 4 Standardized factor loadings of bifactor model of the CSS.

Item G DAN SEC XEN CON TSS CHE
1. I am worried about catching the virus 0.57 0.22
2. I am worried that | can’t keep my family safe from the virus 0.69 0.38
3. I am worried that our healthcare system won’t be able to protect my loved ones 0.68 0.07
4. | am worried that our healthcare system is unable to keep me safe from the virus 0.68 0.06
5. Iam worried that basic hygiene (e.g., handwashing) is not enough to keep me safe from the 074 0.31
virus
6. | am worried that social distancing is not enough to keep me safe from the virus 0.67 0.37
7. 1 am worried about grocery stores running out of food 0.41 0.18
8. I am worried that grocery stores will close down 0.70 0.38
9. | am worried about grocery stores running out of cleaning or disinfectant supplies 0.75 0.13
10. | am worried about grocery stores running out of cold or flu remedies 0.84 0.22
11. lam worried about grocery stores running out of water 0.89 0.13
12. | am worried about pharmacies running out of prescription medicines 0.88 0.02
13. lam worried that foreigners are spreading the virus in my country 0.67 0.70
14. If | went to a restaurant that specialized in foreign foods, I’'d be worried about catching the 0.38 0.64
virus
15. | am worried about coming into contact with foreigners because they might have the virus 0.79 0.10
16. If I met a person from a foreign country, I'd be worried that they might have the virus 0.76 0.14
17. If ' was in an elevator with a group of foreigners, I'd be worried that they’re infected with the 0.76 0.10
virus
18. |am worried that foreigners are spreading the virus because they’re not as clean as we are 0.64 0.09
19. |am worried that if | touched something in a public space (e.g., handrail, door handle), |
would catch the virus 0.72 0.29
20. |am worried that if someone coughed or sneezed near me, | would catch the virus 0.78 0.23
21. |am worried that people around me will infect me with the virus 0.61 0.10
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22. |am worried about taking change in cash transactions 0.75 0.15
23. |am worried that | might catch the virus from handling money or using a debit machine 0.80 0.11
24. 1am worried that my mail has been contaminated by mail handlers 0.78 0.26
25. | had trouble concentrating because | kept thinking about the virus 0.44 0.12
26. Disturbing mental images about the virus popped into my mind against my will 0.84 0.21
27. | had trouble sleeping because | worried about the virus 0.85 0.11
28. |thought about the virus when I didn’t mean to 0.83 0.15
29. Reminders of the virus caused me to have physical reactions, such as sweating or a pounding 0.73 0.33

heart
30. | had bad dreams about the virus 0.79 0.51
31. Searched the Internet for treatments for COVID-19 0.74 0.19
32. Asking health professionals (e.g., doctors or pharmacists) for advice about COVID-19 0.62 0.53
33. YouTube videos about COVID-19 0.59 0.28
34. Checking your own body for signs of infection (e.g., taking your temperature) 0.55 0.11
35. Seeking reassurance from friends or family about COVID-19 0.58 0.03
36. Social media posts concerning COVID-19 0.54 0.60
wH 0.85
wS 0.11 0.09 0.18 0.14 0.06 0.21
ECV 0.81

* G = General factor, DAN = Dangerous, SEC = Socioeconomic, XEN = Xenophobia, Con = Contamination, TSS = Traumatic stress, CHE = Compulsive
checking and reassurance seeking, wH = McDonald’s Omega hierarchical coefficient, wS = McDonald’s Omega specific coefficient, ECV = Explained

common variance.
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3.3 Item Analysis and Internal Consistency

Model-based reliability estimates should be computed as the bifactor structure is applied to
determine the preciseness of the assessment of the combination of general and specific factors by
a certain scale. Thus, we estimated the McDonald’s w, wH, wS coefficients, and ECV of the bifactor
model to further appraise the unidimensionality of the CSS (Table 2). The coefficient omega values
for the total score, danger, socioeconomic characteristics, xenophobia, contamination, traumatic
stress symptoms, and compulsive checking and reassurance-seeking subscales were respectively w
=097, w=0.92, w=0.87, w=0.96, w =0.94, w = 0.95, and w = 0.83, indicating robust reliability.
The omega hierarchical coefficient (wH) for the total score based on the bifactor solution was 0.85,
supporting the presence of a relatively strong general CSS factor. It can thus be concluded that 85%
of the variance in the total score could be attributed to variance in the general factor if a composite
were formed from a sum of the CSS items. These values also suggest that only 12% of the total score
variance was explained by amalgamating the six specific factors, with 3% attributable to error
variance. ECV was also calculated at 0.81, signaling that the general factor accounted for most of
the common variance. Conversely, the omega subscale coefficients (wS) for danger (wS = 0.11),
socioeconomic characteristics (wS = 0.09), xenophobia (wS = 0.18), contamination (wS = 0.14),
traumatic stress symptoms (wS = 0.06), and compulsive checking and reassurance seeking (wS =
0.21) signified that the majority of their variances were explained by the general factor and that the
reliability of the subscale scores was substantially diminished after the general factor was controlled.

In addition, internal consistency estimates (i.e., Cronbach's alphas) were also attained for each
scale as well as for the overall CSS scale along with other item statistics (e.g., corrected item-total
correlations, alpha if item deleted). Table 2 also presents Cronbach alpha coefficients for the scales.
The Cronbach’s a coefficient was 0.97 for the total CSS, 0.92 for danger, 0.88 for socioeconomic
characteristics, 0.96 for xenophobia, 0.94 for contamination, 0.95 for traumatic stress symptoms,
and 0.83 for compulsive checking and reassurance seeking. Items 34 and 36 exhibited the lowest
correlation coefficients of 0.49 and 0.46, respectively. Correlation coefficients were computed for
the rest of the items and the total scores ranged from 0.51 to 0.80. Cronbach’s alpha coefficients
were also appropriate for all items when an item was deleted. In addition, the six CSS domains were
significantly interconnected, and their interrelation scales ranged from 0.46 to 0.84 (Table 2). The
item difficulty indices of the CSS were found to range between 0.47 and 0.82.

3.4 Convergent Validity

We assessed the correlations of the CSS total scale and its subscales with other HADS-Anxiety
and HADS-Depression measures (Table 2). The total CSS scores were positively correlated with the
HADS-Depression (r = 0.38) and HADS-Anxiety scores (r = 0.49). The total CSS evinced greater
connections with measures of anxiety-related traits than with the depression domain. The CSS
subscales demonstrated small to moderate positive correlations with the HADS-Depression (ranging
from 0.27 to 0.35) and HADS-Anxiety scores (ranging from 0.35 to 0.46). All correlations were
significant at 0.01 levels and all were medium in magnitude. These findings support the convergent
validity of the CSS.
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4. Discussion

The current study aimed to examine the CSS's psychometric properties by evaluating its factorial
structure, internal consistency, and validity at the peak of the COVID-19-caused lockdown in a
sample of Korean university students. Additionally, the CSS was translated and validated for use in
the Korean university context as a robust instrument for the testing and assessing stress related to
the pandemic. This study strengthens our knowledge about the validated research tool to assess
and better understand COVID-19-related distress. Through CFA, this study extends the literature by
replicating the factor structure of the CSS to university students who are thought to be at
heightened risk of COVID-19-related distress. Our study results suggest that Korean university
students experienced COVID-19-related distress comparable to the outcomes reported by
Khosravani et al. in clinical samples from Iran and by Milic et al. in other adult samples from Serbia.
First, the overall mean score attained in our study was higher than the means obtained by Milic et
al. (M =35.4; SD = 25.9) but lower than the means for Khosravani et al.’s samples of AD (M = 99.3;
SD =18.5) and OCD patients (M = 106.3; SD = 16.5).

The COVID-19 outbreak caused increased perceived threats and fears: about the dangerousness
of COVID-19, the socioeconomic consequences of the pandemic (i.e., job loss), foreigners who could
carry the infection (i.e., disease-related xenophobia), fears about becoming infected (i.e., objects
and surfaces), traumatic stress symptoms (i.e., unwanted thoughts and nightmares), and
compulsive behaviors such as checking and reassurance seeking (i.e., inspecting news media about
COVID-19, and searching for repeated assurance from friends or medical professionals) [19]. The
current study’s participants accorded the highest score to the dangerous domain, consistent with
the outcomes reported by previous studies conducted in Iran and Servia. However, the current
study’s participants registered the lowest scores on the traumatic stress symptoms domain;
conversely, the socioeconomic characteristics scale was less endorsed in a sample of patients with
anxiety and obsessive-compulsive disorders in Iran. The present sample of Korean university
students could differ qualitatively from a psychiatric sample of patients suffering from anxiety and
a clinical sample comprising respondents diagnosed with obsessive-compulsive disorder. These
distinctions could contribute to the observed differences.

In terms of the scale's dimensionality, we applied the cross-validated confirmatory factor method,
which clarified and confirmed the latent structure of the CSS. While the best CSS model remains a
subject for debate, this study further supports the alternative bifactor model with one general factor
and the second factor encompassing the six specific elements of danger—socioeconomic
characteristics, xenophobia, contamination, traumatic stress symptoms, compulsive checking, and
reassurance seeking—which demonstrated slightly better overall fit indices about our sample. This
strengthens the argument that the CSS could measure overall COVID-19-related distress. On the
other hand, it offered limited support for the viable multidimensionality of the Korean version of
the CSS. First, all CSS items were statistically significantly loaded on the general factor of COVID-19-
related stress, except for five items with substantial loadings on both the general and specific factors.
Most of the items did not display substantial loadings on their specific factors and were lower than
the general factor. Second, the general factor explained most of the variance, and the reliability of
the subscale scores was substantially reduced when the general factor was controlled. Indeed, the
wS coefficients for the six subscales ranged from 0.06 to 0.21, and none of them met the minimum
standard of 0.50 suggested by Reise et al. [35]. Third, the low reliability of the six subscales as
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estimated by omega subscale coefficients also indicated that the six subscales did not vyield
measures of COIVD-19-related stress that were precise and distinct enough to facilitate practical
applications because they comprised a very small amount of reliable variance for interpretation [36].
Simultaneously, the strength of the general factor as evidenced by wH accounted for 85% of the
total scale variance and 81% of the common variance. The strong loadings of the general factor on
the items indicate that the CSS should be deemed unidimensional. Therefore, the calculation of
separate subscale scores is not empirically justified. Moreover, the values computed for the six
subscales were below the threshold of 0.50 established for a subscale to be considered a valid
representation of a separable dimension. The specific factors do explain some variance over the
general factor but this qualification does not suffice to warrant the use of the subscale scores.
Therefore, our findings suggest that using the total CSS score as a measure of COVID-related stress
would be more appropriate, at least within the Korean context. Our findings also imply that the
subscale scores should be used cautiously because most of the reliable variance in subscale scores
could be attributed to the general factor.

In addition, the total CSS score exhibited substantial correlations with all six measures of danger,
contamination, socioeconomic characteristics, xenophobia, traumatic stress symptoms, and
compulsive checking and reassurance seeking. This result may indicate that the correlations were
primarily creditable to relationships with the general factor than to the orthogonal specific factors.
Accordingly, the total score can be used to measure general COVID-19-related stress.

The results of reliability measures applied to the Korean version of CSS revealed excellent internal
consistency. The reliability measures as measured by Cronbach’s a values and McDonald’s w across
the six specific factors and total scale were >0.80. These findings align with the results reported for
the original CSS and other foreign validations of the questionnaire [16, 17, 19, 20, 22]. Moreover,
statistically significant interrelations were observed for all six CSS domains, indicating that COVID-
19-associated symptoms form a coherent COVID-related stress syndrome for people with high
scores on the CSS [15].

COVID-19 is strongly associated with anxiety. Therefore, the HADS scales were deployed to
evaluate the convergent validity of the CSS. As expected, the CSS aggregate displayed significant
positive correlations with HADS-Anxiety, and HADS-Depression, supporting the convergent validity.
Hence, our findings are consistent with some studies conducted in Korea, which have shown that
many university students reported anxiety and depressive symptoms during the COVID-19 outbreak
[37, 38]. This study also verified the findings of other international studies that noted a strong
correlation between CSS and anxiety-related traits [16, 17].

Taylor et al. indicated that the CSS is an appropriate instrument for assessing COVID-19-related
stress in vulnerable populations such as university students. The mental health of university
students was a growing concern even before the COVID-19 pandemic [37]. The global outbreak of
COVID-19 changed the lifestyles of this population dramatically. The stresses and strict restrictions
associated with the pandemic placed university students at greater risk of developing mental health
problems (i.e., stress, anxiety, and depression) [8-10, 39]. Zurlo et al.’s [40] longitudinal study found
that varied aspects of COVID-19-related stress were significantly associated with several
psychopathological symptoms in their sample of university students as the pandemic progressed.

To the best of our knowledge, our study is the first to examine the bifactor structure of the CSS.
Still, our our findings should be interpreted cautiously because we acknowledge several limitations.
Our study found scant justification for using the CSS subscale scores because they primarily reflect
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variations of the general factor of COVID-19-related stress. However, compelling evidence is
currently lacking to support the individual utilization of the six subscales for the Korean student
population. Future research is warranted to explore the dimensionality of the Korean version of the
CSS in more representative samples. Prospective studies should also assess the validity of
generating the total CSS score. Next, the demographic information obtained from the students in
our study included age, gender, and field of study. Notably, the student sample was relatively
homogeneous, and the age range was small. We did not gather demographic data regarding the
students’ or their families’ experience of exposure to the virus; future studies may explore this
aspect further for a better understanding and assessment of the distress associated with COVID-19
and for the identification of people who need mental health services. Another limitation is that
compared to when the pandemic was at its peak, the effect of COVID-19-related stressors and their
psychological distress on students may have diminished toward the end of the pandemic, which is
when we conducted our study. This may have prevented us from fully capturing their experience
during the crisis. Finally, the study relied solely on self-reports and, therefore, its findings could be
affected by the method bias. Prospective research projects should include a broader range of data
sources to explore the stress associated with COVID-19 (e.g., in-depth interviews).

5. Conclusions

To conclude, notwithstanding the stated drawbacks, this study aimed to assess the psychometric
properties of the Korean version of the CSS and provide preliminary evidence regarding its
usefulness. The present study’s findings based on psychometric testing highlight the bifactor
structure and confirm the robustness of the Korean version of the CSS as a measurement tool for
assessing COVID-19-related distress in Korean university students. This version comprises general
and six specific factors: danger, contamination, socioeconomic characteristics, xenophobia,
traumatic stress symptoms, and compulsive checking and reassurance seeking. The CSS has
displayed good internal consistency and adequate convergent validity for anxiety. Therefore, the
Korean version of the CSS could be useful for studying stressors associated with COVID-19 or similar
crises in the future. The Korean version of the CSS also appears to represent a unidimensional tool
conceived for use by mental health and professionals on campuses advocating the utilization of an
aggregated scoring system (i.e., total score). It can potentially promote a more comprehensive
understanding of the stressors associated with the COVID-19 pandemic perceived by students [15,
39].
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