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Abstract
Background: This study aimed to assess the factorial validity and reliability of the Pandemic Coping Scale, a new brief measure of coping behavior in
response to the stressors of a pandemic.

Methods: The scale was administered to N = 2,316 German participants during the COVID-19 pandemic. An exploratory and a confirmatory factor analysis
were applied among two random splits of the sample. The global goodness of fit (χ², RMSEA, SRMR, CFI, TLI), the local goodness of fit (factor loadings,
communalities, factor reliability, discriminant validity), and test quality criteria (internal consistency, item discrimination, and difficulty) were evaluated for two
models (Model 1: four-factor model; Model 2: four-factor model combined with a second-order general factor).

Results: The exploratory factor analysis suggested a four-factor solution with factor loadings accounting for 44.6% of the total variance (Factor 1 ‘Healthy
Lifestyle’, Factor 2 ‘Joyful Activities’, Factor 3 ‘Daily Structure’, Factor 4 ‘Prevention Adherence’). The confirmatory factor analysis showed a sufficient global fit
for both specified models (Model 1: χ² (59, N =1172) = 366.97, p < .001, RMSEA = .067, SRMR = .043, CFI = .926, TLI = .902; Model 2: χ² (61, N = 1172) =
373.33, p < .001, RMSEA = .066, SRMR = .043, CFI = .925, TLI = .904). Model 1 and Model 2 did not significantly differ in their fit to the data (∆χ² (2, N = 1172)
= 6.36, p = .042). Local goodness of fit indices were similar for both models and mostly showed moderate to large factor loadings, and good factor reliabilities
except for ‘Prevention Adherence’.

Conclusion: The Pandemic Coping Scale showed sufficient factorial validity for the four measured dimensions of coping and reliability for the scales except
for ‘Prevention Adherence’ to assess coping during the current COVID-19 pandemic. The ‘Prevention Adherence’ subscale might be improved by adding items
with higher item difficulties. 

Background
The coronavirus disease 2019 (COVID-19) pandemic is related to multiple stressors that impact the wellbeing of whole populations (Serafini et al., 2020; Usher
et al., 2020). In addition to the burden of a COVID-19 infection, the national lockdowns have a drastic impact on everyday life. Social physical contacts are
rare, including friends and family gatherings. Structuring the work and daily activities when working from home can be also challenging (Palumbo, 2020;
Rubin et al., 2020). Physical activities like cycling to work have been restricted, leisure opportunities such as going to the sports club were often impossible. At
the same time, activities like watching television and sitting in front of the computer have increased (Meyer et al., 2020; Ong et al., 2020). Being at home most
of the time may promote unhealthy eating habits (Mattioli et al., 2020) and alcohol use (Koopmann et al., 2020; Ramalho, 2020). Being at home for weeks or
even months with reduced social contact has increased distress, loneliness, and anxiety (Bäuerle et al., 2020). To reduce the psychological burden of a
pandemic, it is important to understand how people cope with these pandemic-specific stressors, and which coping behavior promotes wellbeing.

Coping is defined as a cognitive or behavioral approach to control a situational demand that is stressful (Skinner & Zimmer-Gembeck, 2016). The term coping
is often referred to adaptive coping strategies, i.e., strategies that reduce distress and promote wellbeing and health (Taylor & Stanton, 2007). For example,
engaging in exercising in response to a stressful situation might be seen as adaptive coping, as it may reduce distress and may increase wellbeing. However,
some coping strategies may increase distress, and in turn, may be considered maladaptive. For example, smoking in response to a stressful situation could be
seen as maladaptive, as it may increase distress and can harm health.

Coping with the multiple stressors in the context of a pandemic or epidemic requires specific coping skills, such as following physical distancing measures,
establishing healthy lifestyle behaviors and a daily structure, or seeking social support. Research conducted during the early phase of the COVID-19 pandemic
found associations between adaptive coping and reduced symptoms of anxiety and depression (Fullana et al., 2020). Establishing a daily routine, following a
healthy diet, and taking the opportunity to pursue hobbies were most strongly related to lower symptoms of depression (Fullana et al., 2020).

To assess coping with the specific stressors during a pandemic or epidemic, a valid and reliable measure is needed. A meta-analysis of coping questionnaires
(Kato, 2015) found that the most commonly used measures outside of a pan- or epidemic context were the Coping Orientation to Problems Experienced
(COPE; Carver et; al., 1989), the Brief-COPE (Carver, 1997), and the Ways of Coping Questionnaire (WCQ; Folkman & Lazarus, 1988). During the current COVID-
19 pandemic, the 60-item COPE (Carver et al., 1989) has rarely been used. Questionnaires with a high number of items might be difficult to be used during a
pandemic, as an online-based assessment is required. The shorter Brief-COPE was applied in the general population (Fiorillo et al., 2020; Kalaitzaki, 2020;
Zacher & Rudolph, 2021) and in nursing students (Sheroun et al., 2020) during the current pandemic. For example, Zacher & Rudolph (2021) found that active
coping, positive reframing, seeking emotional support, and religion were related to wellbeing during the early phase of the pandemic. Unexpectedly, the coping
behaviors ‘planning’ and ‘humor’ were associated with reduced wellbeing, indicating that these coping strategies might be less adaptive during a pandemic
compared to non-pandemic situations.

The 66-item Ways of Coping Questionnaire (WCQ; Folkman & Lazarus, 1988) measures problem-focused and emotion-focused strategies. Studies
investigating the psychometric properties of the WCQ revealed heterogenous internal consistencies (Lundqvist & Ahlström, 2006; Rexrode et al., 2008).
Although the WCQ has been widely used in other contexts (Kato, 2015), the WCQ has been rarely applied during the current pandemic. Salopek-Žiha et al.
(2020) found that physicians used more problem-focused strategies than nurses, while nurses used more emotion-focused strategies. It remains unclear
whether the WCQ can cover the specific coping behaviors that are relevant to the current pandemic. This concern is supported by previous studies showing
that some of the WCQ items seem to measure behavior that is irrelevant for coping with specific stressors (Ben-Porath et al., 1991; Stone et al., 1991). The
unstable factor structure of the WCQ (Edwards & O’Neill, 1998; Parker et al., 1993) complicates comparisons between countries, which are particularly needed
during a global pandemic.
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Other less well established coping measures have been used during a pandemic, including the Simplified Coping Style Questionnaire (SCSQ; Xie, 1998), the
Cognitive Emotion Regulation Questionnaire (CERQ; Garnefski et al., 2001), and the Coping Inventory for Stressful Situations (CISS; Endler & Parker, 1990,
1999). The 20-item SCSQ (Xie, 1998) assesses coping with daily life stressors. Passive coping was associated with greater distress (Nie et al., 2020; Wang et
al., 2020; Yu et al., 2020), while active coping was associated with resilience (Lin et al., 2020) during the COVID-19 pandemic. However, apart from a first
validation study (Xie, 1998), no study systematically examined the psychometric properties of the SCSQ.

The 36-item Cognitive Emotion Regulation Questionnaire (CERQ; Garnefski et al., 2001) and its 18-item short form (CERQ-short; Garnefski & Kraaij, 2006)
measure cognitive emotion regulation strategies. Both measures have shown good psychometric properties (Garnefski & Kraaij, 2006; Ireland et al., 2017). The
CERQ has been used during the COVID-19 pandemic. Maladaptive cognitive emotion regulation strategies were related to depression, anxiety, and distress
(Dubey et al., 2020) and mental health problems (Riaz et al., 2021). However, Dubey et al. (2020) found several unexpected associations between adaptive
coping strategies, such as acceptance, and higher levels of depression and distress. These results might indicate that coping strategies that are adaptive in
non-pandemic contexts might be not adaptive during a pandemic (Dubey et al., 2020). The CERQ covers cognitive coping (Garnefski & Kraaij, 2007), but does
not consider behavioral and emotional coping. However, behavioral coping seems particularly important during a pandemic or epidemic, such as following
governmental recommendations of distance keeping.

The 48-item Coping Inventory for Stressful Situations (CISS; Endler & Parker, 1990, 1999) and its short 21-item version (CISS-SF; Endler & Parker, 1994; Endler &
Parker, 1999) have been used in a few studies during the current pandemic. The CISS measures task-, emotion- and avoidance-oriented coping. Reliability and
validity have been established (Cohan et al., 2006; McWilliams et al., 2003). Findings demonstrated associations between task-oriented coping and reduced
burnout symptoms (Di Monte et al., 2020). Rogowska et al. (2020) reported an unexpected positive association between task-oriented coping and symptoms
of anxiety. The authors assumed this unexpected result to be pandemic-specific since the behaviors to cope with everyday stressors might be useless in times
of COVID-19 when the situation cannot be changed and might lead to frustration rather than well-being (Rogowska et al., 2020).

In sum, several coping measures exist of which some have been used to investigate coping during the current COVID-19 pandemic. The COPE and the WCQ
have been rarely applied during the current pandemic, as they include many items which are difficult to be applied online. The BRIEF-COPE, SCSQ, CERQ, CISS
have been used during the COVID-l9 pandemic. While the findings of these studies indicate relationships between coping and wellbeing (Dawson & Golijani-
Moghaddam, 2020; Zacher & Rudolph, 2021), distress (Dawson & Golijani-Moghaddam, 2020; Yang et al., 2020), anxiety (Mariani et al., 2020;
Mohammadzadeh et al., 2020), and depression (Dubey et al., 2020; Mariani et al., 2020), these measures lack to capture the full range of the coping behavior
that is specific for a pandemic, as these measures have been designed to assess coping with everyday stressors. Several studies reported unexpected findings
that might be explained by the specific context of a pandemic (Dubey et al., 2020; Rogowska et al., 2020; Zacher & Rudolph, 2021). Consequently, several
researchers have stressed the need to cover the coping behaviors that are unique for a pandemic or an epidemic (Rahman et al., 2020), particularly coping
with the stressors related to physical distancing (Cauberghe et al., 2020), which is not covered by the existing measures. To better understand how people are
coping with the current pandemic and how coping affects mental health, a brief, valid and reliable measure of coping behavior during a pandemic is required.
Therefore, this study aimed to assess the factorial validity and reliability of the Pandemic Coping Scale, a new brief measure of coping in response to the
stressors of a pandemic.

Methods
Study design

For this psychometric study, cross-sectional data was drawn from the first wave of a longitudinal cohort study on stressors, coping, and symptoms of
adjustment disorder during the COVID-19 pandemic (Lotzin et al., 2020). Ethics approval was provided by the Local Psychological Ethics Committee at the
Center for Psychosocial Medicine (LPEK) at University Medical Center Hamburg-Eppendorf (LPEK-0149). All participants provided informed consent before
participating. The longitudinal cohort study was registered in a study registry (https://doi.org/10.17605/OSF.IO/8XHYG) before the start of the study. All
methods were performed in accordance with relevant guidelines and regulations for survey research (Kelley et al., 2003). The data were assessed between
June and September 2020.

Sample and Procedure

Data were collected from German participants. Eligibility criteria were (1) age of at least 18 years, and (2) ability to understand the German language. The trial
was actively promoted via the internet (e.g., eBay advertisements, Facebook, interest groups), leisure and sports clubs, large companies, and clubs of senior
citizens. After being informed about the study and willing to participate, participants filled out an online questionnaire. A total of N = 2,316 participants agreed
to take part in the survey and filled out the questions of the Pandemic Coping Scale (PCS).

Measure

The Pandemic Coping Scale (PCS) was designed as a brief self-report measure to assess coping behavior to the stressors of a pandemic. The coping theory
of Folkman et al. (1986) was used as a conceptual framework. In this context, coping is defined as “the person’s constantly changing cognitive and behavioral
efforts to manage specific external or internal demands that are appraised as taxing or exceeding the person’s resources” (Folkman et al., 1986). The first set
of items was constructed by reviewing the literature on measures of coping with stressors, as well as on published recommendations on how to cope with the
COVID-19 pandemic (American Medical Association, 2020; Center for the Study of Traumatic Stress, 2020; Centers for Disease Control and Prevention, 2020;
World Health Organization, 2020). The following six domains of coping behavior relevant for a pandemic or epidemic were identified: preventive adherence
(e.g., following the recommendations to limit the spread of the coronavirus); health lifestyle (e.g., paying attention to a healthy diet); rest (e.g., taking breaks);
meaningful activities (e.g., doing something enjoyable); daily structure (e.g., maintain a daily routine.); and social support (e.g., spending a good time with
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loved ones, friends, or pet). The first set of items were constructed by a clinical psychologist (first author). Items were then reviewed and refined by consensus
of an expert group of professionals in the field of traumatic stress, which were members of the European Society of Traumatic Stress Studies (Lotzin et al.,
2020). The resulting first version of the PCS included thirteen four-point items representing coping behaviors in the six identified domains. The items range
from 0 to 3 (0 = ‘I have not been doing this at all’; 1 = ‘I’ve been doing this a little bit’; 2 = ‘I’ve been doing this a medium amount’; 3 = ‘I’ve been doing this a lot’).
The scaling of the items was harmonized with the scaling of the Brief-COPE so that the PCS can be used in addition to this established measure to cover
coping behavior that is specific for a pandemic. Higher scores indicate doing more of the respective behavior. Completion of the questionnaire requires about
five minutes. Sociodemographic characteristics were also assessed by self-constructed items (e.g., gender, age, education, household income).

Data Analysis

The psychometric properties of the PCS were evaluated in two analyses. The first study investigated the dimensional structure of the PCS by exploratory
factor analysis (EFA). In a second study, it was examined whether the identified dimensions could be replicated by using confirmatory factor analysis (CFA).
The two studies were conducted with two different samples, obtained by a random split of the dataset of N = 2,316 participants by using the random
generator of SPSS 22.0.

Study 1: Exploratory Factor Analysis

A sample of n = 1,144 participants was used for study 1. The EFA was done following current recommendations on conducting EFA (Samuels, 2017). Before
conducting the EFA, the bivariate correlation matrix of all PCS items was computed and inspected to detect problems with multicollinearity. The strength of
correlations was determined based on Cohen’s criteria (Cohen, 1988): low: r = ± .10 to .29, moderate: r = ± .30 to .49, large: r = ± .50 to 1.0. Bivariate
correlations of greater than .80 were assumed to indicate multicollinearity problems. For correlations > .80, one of the two items was removed.

Scales were extracted based on an EFA using Maximum Likelihood as the extraction method, as this method is recommended when measures are developed
to be used with other datasets in the future (Field, 2013, pp. 674–675). An oblimin rotation with Kaiser normalization was applied. Items with communalities
of less than .20 were removed, and the EFA was re-run. The optimal number of factors was determined by the following criteria: (1) Kaiser’s criterion
(eigenvalue > 1); (2) a solution of a maximum number of factors with at least two items with a loading greater than .40 and a low cross-loading. Items with
factor loadings < .30 and/or cross-loadings > 75% were removed, starting with the one with the lowest absolute maximum loading on all the factors. The
analyses were conducted in SPSS 22.0.

Study 2: Confirmatory Factor Analysis

A sample of n = 1,172 participants was used to conduct a CFA to test the factorial validity of the factor model obtained by the EFA in study 1. The analyses
were conducted in SPSS 22.0 and AMOS. Based on the results of the EFA, two models were tested. Model 1 consisted of the 13 items as indicators for four
latent factors (Figure 1). Correlations between factors were expected and allowed. To examine whether all factors load on one general factor, Model 1 was
extended in Model 2 by adding a second-order general factor on which the four first-order factors loaded (Figure 2).

A CFA using the Maximum Likelihood (ML) estimation method was applied. Normal distribution of the items as a prerequisite for ML estimations was
evaluated using the skew- (γ1) and kurtosis index (γ2).│γ1│≥ 3.0 and │γ2│ ≥ 10.0 were considered as problematic (Kline, 2015, p. 76-77). The Variance
Inflation Factor (VIF) was calculated to check for multicollinearity between indicators. A VIF ≥ 10.0 was considered as an indication of multicollinearity (Kline,
2015, p. 72).

Global Goodness of Fit. Based on the recommendations of Schermelleh-Engel et al. (2003), the following cut-offs and indices were used for model evaluation:
χ² statistics and normed χ² (χ²/df): ≤ 3 acceptable, ≤ 2 good; Root Mean Square Error of Approximation (RMSEA): ≤ .08 acceptable, ≤ .05 good; Standardized
Root Mean Residual (SRMR): ≤ .10 acceptable, ≤ .05 good. The Tucker Lewis Index (TLI) and Comparative Fit Index (CFI): > .92 acceptable, according to the
recommendations of Hair et al. (2019), taking the large sample size and model complexity into account.

Local Goodness of Fit. Local fit indices were used to assess how reliable the indicators measured the latent constructs. Factor loadings of λ ≥ .50 were rated
as moderate, loadings of λ ≥ .70 were rated as large (Hair et al., 2019). The Critical Ratio (C.R.) of ≥ │1.96│ was used to assess their statistical significance.
Factor communalities were considered acceptable with λ² ≥ .50 (Hair et al., 2019).

On the level of the factors, factor reliabilities (FR) were computed, with FR > .60 assumed as sufficient (Bagozzi & Yi, 1988). Discriminant validity was
determined using the Fornell-Larcker criterion that compares the Average Variance Extracted (AVE) with the coefficient of determination (AVE > R² of two
factors; Fornell & Larcker, 1981).

Additional test quality criteria. The item difficulties were calculated by the mean of the items divided by the maximum item score (assumed as good if .20 ≤ P
≤ .80; Kline, 2013). The corrected item-total correlations were estimated as a measure of item discrimination (rit ≥ .30 rated as acceptable and rit ≥ .50 as
good; Krohne & Hock, 2015, p. 52). The internal consistency was computed using Cronbach's α for the subscales and the total scale.

Model comparison. A chi-square difference test was applied to compare the fit of Model 1 and Model 2 (∆χ² = χ² Model 2 – χ² Model 1 and ∆df = df Model 2 – df

Model 1; Kline, 2015, p. 281). Because chi-square tests tend to be oversensitive in large samples (Hair, 2019), a conservative significance level of α = .01 was
chosen.

Results
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Study 1

Sample characteristics.

The sample included n = 1,144 cases of German adults from the general public (Table 1). The sample can be characterized as a medium to high-educated
sample with varying ages and incomes. Ages ranged between 18 and 82 years, with a mean age of 41.17 (SD = 12.79). More participants were female (n =
811, 70.9%) than male (n = 327, 28.6%), or of diverse gender (n = 6, 0.52%). Only few participants (n = 4, 0.35%) reported less than ten years of schooling;
12.8% (n = 146) completed up to thirteen years of schooling as highest education; 35.1% (n = 402) completed vocational training; 48.2% (n = 551) graduated
university; and 3.58% (n = 41) completed a doctorate. One-fifth of the sample (n = 251, 21.9%) classified themselves as being at risk for severe or life-
threatening symptoms of COVID-19. One fifth (n = 268, 23.4%) stated to have been diagnosed with a mental disorder, of which 8.0% (n = 92) reported being
affected by a mental disorder at the time of the assessment.

Exploratory Factor Analysis

Intercorrelations ranged from -.001 to .76. As no correlation exceeded the threshold of .80, all items were retained in the analysis. The communalities of the
initial solution were greater than .20 for all items, indicating that all items could be used. The means, standard deviations, and indices for skewness and
kurtosis for the items are shown in Table 2. All items were approximately normally distributed, although some items showed negative skew. No indication of
multicollinearity between the indicators was found (all VIF < 10.0).

The results of the EFA suggested a four-factor solution (Table 2). The factor solution was also confirmed by visual examination of the scree plot. No
additional factor exceeded the threshold of an Eigenvalue of 1.0. All items had loadings > .40 on the respective factor. The four factors were named (1)
‘Healthy Lifestyle’, (2) ‘Joyful Activities’, (3) ‘Daily Structure’, and (4) ‘Prevention Adherence’. The factors accounted for 25.2% (Daily Structure), 10.8% (Healthy
Lifestyle), 4.3% (Joyful Activities), and 4.4% (Prevention Adherence) of the total variance, respectively. The factor correlations ranged from r = .20 (Joyful
Activities with Prevention Adherence) to r = .58 (Healthy Lifestyle with Joyful Activities). In the four-factor solution, each item had a salient loading on only one
factor. No item of the rotated factor matrix cross-loaded more than 75% on another factor. The factor loadings of the 13 items ranged between .39 and .94,
suggesting meaningful and practically significant factor loadings (Cudeck & O’Dell, 1994).

Of the six pandemic coping domains that were specified before the analysis (please see Measure section), the domains ‘Healthy Lifestyle’, ‘Daily Structure’,
and ‘Prevention Adherence’ were identified as single factors in the EFA. The two previously specified domains ‘Meaningful Activities’ and ‘Social Activities’
loaded on one common factor, which was named ‘Joyful Activities’. The two items of the previously specified domain ‘Resting’ loaded on the ‘Healthy
Lifestyle’ factor.

Study 2

Sample characteristics.

Study 2 included n = 1,172 German adults (Table 1). The sample characteristics were similar to those of the sample of study 1 and can be characterized as a
medium to high-educated sample with varying ages and income. The mean age was 41.19 (SD = 13.1), which ranged from 18 to 80 years. The majority of the
sample was female (n = 813, 69.4 %), the remaining participants were male (n = 355, 30.3%) or of diverse gender (n = 4, 0.3 %). Only 0.3% (n = 3) of the sample
completed less than nine years of schooling. The remaining participants completed up to thirteen years of schooling (n = 138, 11.8%), passed a vocational
training (n = 416, 35.5%), graduated from university (n = 572, 48.8%) or completed a doctorate (n = 43, 3.7%). One-fifth of the sample (n = 253, 21.6%)
classified themselves as being at risk for severe or life-threatening symptoms of the coronavirus disease. 23.2% (n = 272) reported being diagnosed with a
mental disorder; and 8.0% (n = 94) stated to be currently affected by a mental disorder.

Confirmatory Factor Analysis

All indicators were approximately normally distributed (skew index │γ1│< 3.0 and kurtosis index │γ2│ < 10.0; Supplement 1; Kline, 2015, p. 76-77). There was
no indication of multicollinearity between the indicators (VIF < 10.0, Kline, 2015, p. 72).

Model 1.

Global Goodness of Fit. The χ² statistics suggested a discrepancy between the theoretical model and the model implied by the observed data (χ² (59, N =
1,172) = 367.0, p < .001, normed χ² = 6.22, Table 3). The RMSEA showed an acceptable fit (RMSA = .067, p < .001, 90% CI = .060, .073), the SRMR indicated a
good fit (SRMR = .043), the CFI (.926) showed an acceptable fit. However, the TLI (.902) indicated an insufficient model fit as it was lower than .92.

Local Goodness of Fit. Factor loadings were moderate (λ ≥ .50) to large (λ ≥ .70), apart from smaller loadings of three indicators of the factor ‘Joyful
Activities’ (Supplement 2). All factor loadings were significant (C.R. ≥ │1.96│). Only four indicators showed communalities λ² ≥ .50 (items 5, 6, 10, and 11;
Supplement 2). The factors mainly showed discriminant validity in terms of a small to medium correlation (ranging from .05 to .33, Supplement 3) except for
‘Healthy Lifestyle’ and ‘Joyful Activities’, which showed a medium correlation (r = .54). Factor reliability was considered as good with FR > .60 for all factors
except for ‘Prevention Adherence’ (FR = .52, Supplement 3).

Additional test quality criteria. Item difficulties were considered as good (Supplement 4), except for the indicators of ‘Prevention Adherence’ which showed a
low difficulty (P > .80). Item discrimination indices were good (rit > .50) or acceptable (rit > .30). Internal consistency was excellent for the factor ‘Daily Structure’
(α = .86), and moderate for the factor ‘Healthy Lifestyle’ (α = .79). The factors ‘Joyful Activities’ (α = .60) and ‘Prevention Adherence’ (α = .51) showed low
internal consistency.
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Model 2.

Overall, the global and local fit indices and the test quality criteria of Model 2 were similar to those found in Model 1.

Global Goodness of Fit. The χ² statistic referred to a statistically significant difference between the specific and observed variance-covariance matrix (χ² (61, N
= 1172) = 373.33, p < .001, normed χ² = 6.12; Table 3). The RMSEA showed an acceptable fit (RMSEA = .066, p < .001, 90% CI = .060, .073), the SRMR showed
a good fit (SRMR = .043). While the CFI (.925) indicated an acceptable model fit, the TLI (.904) indicated an insufficient fit, as it was < .92.

Local Goodness of Fit. Factor loadings of the indicators were moderate to large, except for items 8 and 12 of the factor ‘Joyful Activities’ (Supplement 2). The
factor loadings on the second-order general factor (named ‘Pandemic Coping’) were large for ‘Healthy Lifestyle’ (λ = .87) and ‘Joyful Activities’ (λ = .85),
moderate for ‘Daily Structure’ (λ = .67) and small for ‘Prevention Adherence’ (λ = .36, Supplement 2). All factor loadings were significant (C.R. ≥ │1.96│).
Consistent with Model 1, communalities λ² ≥ .50 were only found for items 5, 6, 10, and 11 (Supplement 2). The factor reliabilities could be considered as
good for the second-order general factor ‘Pandemic Coping’ (FR = .90) and for all first-order factors (FR > .60) except for ‘Prevention Adherence’ (FR = .52,
Supplement 3).

Additional test quality criteria. Item difficulties were evaluated as good for all indicators (Supplement 4) except for the indicators of ‘Prevention Adherence’,
which showed low difficulties (P > .80). Item discrimination indices concerning the second-order general factor ‘Pandemic Coping’ were evaluated as good (rit >
.50) or acceptable (rit > .30), except for the indicators of ‘Prevention Adherence’. The internal consistency of the second-order general factor ‘Pandemic Coping’
was acceptable (α = .83). For the internal consistencies of the subscales, please see the result section for Model 1.

Model comparison. The chi-square difference test comparing Model 1 and Model 2 showed no significant difference in their fit to the data (∆χ² (2, N = 1172) =
6.36, p = .042).

Discussion
Coping with the specific stressors of a pandemic may impact physical and psychological health and well-being. This research aimed to assess the factorial
validity and reliability of the Pandemic Coping Scale (PCS), a brief measure of coping with the stressors of a pandemic. In a first study, we identified factors of
the PCS by using exploratory factor analysis (EFA) in a German sample. In a second study, we examined whether the factor structure identified in study 1
could be replicated in a second German sample using confirmatory factor analysis (CFA). In study 2, we assessed the global goodness of fit of the factor
structure, the local goodness of, fit and test quality criteria, which were evaluated in two models: a four-factor model, and a four-factor model combined with a
second-order general factor.

Exploratory Factor Analysis

The EFA conducted in study 1 indicated a four-factor solution which accounted for 44.6% of the total variance. Each of the 13 items showed salient and
significant factor loadings on only one of the four factors. Based on the meaning of the included items, the four factors were named ‘Healthy Lifestyle’, Joyful
Activities’, ‘Daily Structure,’ and ‘Prevention Adherence’.

Confirmatory Factor Analysis

Global Fit.

The four-factor solution could be replicated in study 2 by applying CFA. Most of the global fit indices (RMSEA, SRMR, CFI) showed a sufficient fit in a model
with four separate factors, as well as in a model which additionally included a second-order general factor. The χ2 statistics of both models indicated a
deviation from the observed model, consistent with earlier research showing that the χ2 test tends to be oversensitive in large samples (Hair et al., 2019). The
comparison of the two models (four-factor model vs. a four-factor model combined with a second-order general factor) showed no difference in their fit to the
data. These results indicate that a second-order general factor seems to be consistent with the data structure and may legitimize the calculation of a total
score of the ‘Pandemic Coping Scale’.

Local Fit.

On the level of the indicators, we found that most of the factor loadings of the two tested factor models were moderate to large, except for some items of the
subscale ‘Joyful Activities’. The factor loading of the items of the subscale ‘Prevention Adherence’ on the second-order general factor was also lower. The
subscale ‘Joyful Activities’ was initially constructed as two separate domains, but according to our results of the EFA, the constructs of meaningful and social
activities overlapped. However, these two domains may still cover separate aspects resulting in increased heterogeneity of the combined scale. This might
explain the comparably small factor loadings of the items on ‘Joyful Activities’, but greater factor loadings on the second-order general factor.

On the level of the factors, we found good factor reliabilities for all first-order factors except for ‘Prevention Adherence’ for both models. Therefore, the
indicators within each factor share a sufficient amount of variance indicating that they measure a similar construct. Most factors showed evidence for
discriminant validity, indicating that the items of the subscales represent distinct constructs. These findings are in line with the results of study 1, showing that
all items primarily loaded on only one factor. The subscales ‘Healthy Lifestyle’ and ‘Joyful Activities’ shared variance with each other, indicating that they were
not fully independent.

Item Difficulty. Our analysis of additional test quality criteria yielded comparable results for both tested factor models for most of the assessed indices. The
items of the three subscales showed good item difficulties, whereas the items of ‘Prevention Adherence’ were comparably easy in both models. Consequently,
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this subscale may not perfectly discriminate between people with very high versus high prevention adherence scores. The scale might benefit from additional
items with varying difficulties. However, the data assessment for this study took place three to six months after the start of the pandemic. It has become
evident that people – after the lockdown has become an enduring condition – are less adherent to the lockdown measures. The reduced prevention adherence
behavior which is measured by the subscale is likely to increase the item variance and item difficulty. Future studies using the PCS in the later phases of the
pandemic are needed to further examine the item difficulties of this subscale.

Item Discrimination and Internal Consistency. Acceptable indices for item discrimination were found for all items, with one exception: The items of the
subscale ‘Prevention Adherence’ did not sufficiently discriminate between high and low scores in the second-order general factor in Model 2. Internal
consistency was excellent for ‘Daily Structure’, acceptable for ‘Healthy Lifestyle’, but low for Joyful Activities’ and ‘Prevention Adherence’. Cronbach’s α
increases with an increasing number of items per scale (Ponterotto & Ruckdeschel, 2007); the low number of indicators of the factor ‘Prevention Adherence’
might have contributed to the low internal consistency. Furthermore, calculations of Cronbach’s α are affected by the total item variance (Streiner, 2003). The
low difficulties of both items of this scale may have restricted the item variance, which could have contributed to the low internal consistency of the factor
‘Prevention Adherence’. The lower internal consistency of ‘Joyful Activities’ might be attributable to the heterogeneity caused by the inclusion of two formerly
separate domains.

Overall, the findings of both studies support the factorial validity and reliability of the Pandemic Coping Scale (PCS). However, compared with the other
subscales, the subscale ‘Prevention Adherence’ showed lower factor reliability and a lower factor loading on the second-order general factor, lower item
discrimination indices concerning the second-order general factor, lower internal consistency, and lower item difficulties. The lower factorial validity and
reliability might be explained by a reduced item variance. Most of the conducted calculations are based on variance-covariance matrices; reduced item
variance, therefore, results in lower local and lower global model fit. Alternatively, the items of this subscale might measure content that is less related to the
content domains of the other three subscales. While the subscale of ‘Prevention Adherence’ includes behavior such as informing oneself about the pandemic
situation and following the recommendations, the other three subscales of the PCS focus on self-care and social contacts. This could explain the smaller
factor loading of ‘Prevention Adherence’ and moderate to large factor loadings of the remaining subscales on the second-order general factor. It would also
explain why the items of ‘Prevention Adherence’ could distinguish between participants with high and low scores in ‘Prevention Adherence’ but could not
distinguish sufficiently between participants with high and low scores in the total score of the PCS. Removing the subscale of ‘Prevention Adherence’ might
therefore result in a higher internal consistency of the total score of ‘Pandemic Coping’ and would increase the homogeneity of the items. The elimination of
both items could improve local and global model fit, as the two items showed reduced item variance. However, the removal of this subscale carries the risk of
leaving out an important area of coping behavior that is specific for a pandemic. Alternatively, additional items measuring preventive adherence to the PCS
with higher item difficulties could be added to the scale.

Strength and Limitations

This study has strengths and limitations. A strength of this study is the use of sufficiently sized samples, and the combined use of EFA and CFA in two
randomized splits of a large sample to replicate the results obtained in EFA. A limitation is that the sample was not representative of the German general
population concerning gender, income, and education. The study is also limited by the use of self-report questionnaires that might have led to different results
compared to observational measures of coping. Finally, validity testing of a measure needs to demonstrate not only factorial validity and reliability but also
convergent and discriminant validity. We did not examine the convergent and discriminant validity of the PCS in this study.

Future directions

Future studies need to examine the psychometric properties of the PCS among a representative sample, as well as the measure’s convergent and discriminant
validity with other coping measures. The psychometric properties of the questionnaire might be further improved by adding items to the Prevention Adherence
subscale and examining its factorial validity and reliability. The strength and direction of association of the PCS with other measures of coping during a
pandemic, or with measures of coping with daily life stressors should be examined. Finally, the appropriateness of the usage of the measure should be also
examined in other countries.

Conclusion
Overall, the findings of both studies show empirical support for the factorial validity and reliability of the Pandemic Coping Scale. The subscale ‘Prevention
Adherence’ might benefit from further adaption and evaluation.
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Tables
Table 1

Sociodemographic Characteristics
  Study 1, n = 1,144 Study 2, n = 1,172

Variable M SD M SD

Age 41.17 12.79 41.19 13.13

Gender n % n %

Female 811 70.9 813 69.4

Male 327 28.6 355 30.3

Other 6 0.52 4 0.34

Education level        

6 - 9 years of schooling 4 0.35 3 0.26

10 - 13 years of schooling 146 12.8 138 11.8

Completed vocational studies 402 35.1 416 35.5

Completed studies 551 48.2 572 48.8

Doctorate 41 3.58 43 3.67

Average monthly household income ab        

< 1,000 Euro 108 9.85 116 10.3

1,000 to < 2,000 Euro 154 14.1 149 13.2

2,000 to < 3,000 Euro 306 27.9 287 25.5

3,000 to < 5,000 Euro 343 31.3 348 30.9

≥ 5,000 Euro 185 16.9 225 20.0

Community        

Large City 666 58.2 687 58.6

Small city or town 247 21.6 250 21.3

Suburb near a large city 135 11.8 132 11.3

Rural area 96 8.39 103 8.79

Risk for severe or life-threatening symptoms of corona virus        

Yes 251 21.9 253 21.6

No 893 78.1 919 78.4

Mental disorder diagnosis        

Yes (recovered) 176 15.4 178 15.2

Yes (currently affected) 92 8.04 94 8.02

No 876 76.6 900 76.8

Note. a study 1: n = 1,096.  b study 2: n = 1,125.
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Table 2

Means, Standard Deviations and Factor Loadings for the Items of the Pandemic Coping Scale (Study 1, n = 1,144 German Adults)
Item M SD Skewness Kurtosis Factor loadings

Factor 1
‚Healthy
Lifestyle‘

Factor 2

‚Joyful 
Activities‘

Factor 3

‚Daily 
Structure‘

Factor 4

‚Prevention
Adherence‘

Item 3:   Paying attention to a healthy diet 2.07 0.90 -0.65 -0.42 .60 -.11 -.08 .17

Item 4:   Exercising or taking a walk 1.97 0.98 -0.42 -0.96 .52 .02 -.06 .01

Item 5:   Paying attention to good sleeping habits 1.67 1.02 -2.68 7.33 .80 -.07 -.09 -.05

Item 6:   Paying attention to take enough breaks 1.44 1.06 -1.56 1.73 .69 .17 .11 -.04

Item 7:   I have been relaxing 0.84 1.01 -0.21 -1.05 .47 .20 .05 -.02

Item 8:   Doing something useful 1.91 0.94 -0.21 -0.87 .09 .37 -.07 .09

Item 9:   Doing something that I enjoy 1.94 0.88 0.08 -1.18 .10 .70 .04 -.09

Item 12: Spending a good time with loved
ones/friends/pet

1.94 1.03 0.89 -0.41 .01 .40 -.13 -.05

Item 13: Spending a good time with loved
ones/friends through digital media

1.79 0.94 -0.34 -0.83 -.01 .47 -.02 .16

Item 10: Structuring my day 1.90 0.97 -0.35 -0.93 .02 .09 -.85 -.02

Item 11: Paying attention to maintain my daily
routine

1.95 .999 -0.45 -0.83 .03 .03 -.81 .01

Item 1:   Following the recommendations to limit
spread of coronavirus

2.82 .490 -0.51 -0.85 -.02 .06 .04 .62

Item 2:   Informing myself about the current state of
the pandemic

2.62 .668 -0.08 -1.05 .04 -.02 -.04 .52

 

Table 3

Global Fit Indices of the Confirmatory Factor Analysis for Model 1 and Model 2 (Study 2, n = 1,172 participants)
Global Fit Index χ² df p normed χ² RMSA p RMSA RMSEA 90% CI SRMR TLI CFI

Model 1 366.97 59 < .001 6.22 .067 < .001 .060 – .073 .043 .902 .926

Model 2 373.33 61 < .001 6.12 .066 < .001 .060 – .073 .043 .904 .925

Note. df = degrees of freedom; RMSEA = Root Mean Square Error of Approximation; CI = Confidence Interval; SRMR = Standardized Root Mean Residual; TLI=
Tucker-Lewis Index; CFI = Comparative Fit Index.
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Figure 1

Factor Loadings of Model 1 Consisting of Four First-order Factors

Figure 2

Factor Loadings of Model 2 Consisting of Four First-order Factors and a Second-order General Factor
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