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During the COVID-19 pandemic, the use of face masks by the public has helped to slow the spread of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) in the community. Cloth masks have been recommended
because of their effectiveness, availability, and reusability. Like other types of face masks, however, user
discomfort while wearing cloth masks is thought to engender behaviors that limit the effectiveness of cloth masks

as source control (e.g., adjusting or removing one’s mask temporarily while in public). To design cloth masks that
are more tolerable, a measurement instrument for assessing subjective user discomfort is needed. Across two
studies, we identified and confirmed a two-dimensional factor structure underlying the discomfort of cloth masks
— discomfort related to the breathability and discomfort related to the tightness of the mask against the face and
head. Additionally, we provide replicable evidence that both factor-subscales predict the self-reported fre-
quencies of problematic mask-wearing behaviors.

1. Introduction

During the COVID-19 pandemic, the use of face masks by the public
has been an effective, non-pharmaceutical intervention for slowing the
spread of severe acute respiratory syndrome coronavirus 2 in the com-
munity (SARS-CoV-2; (Czypionka et al., 2021; Howard et al., 2021).
However, the discomfort of wearing face masks over long periods of time
has limited compliance with recommendations to wear them (Bakhit
et al.,, 2021; Czypionka et al., 2021). Although the public has used
different types of face masks (e.g., surgical masks, N95s, or KN95s),
organizations such as the U.S. Centers for Disease Control and Preven-
tion (CDC, 2020) and the World Health Organization (WHO, 2020) have
recommended the use of cloth masks for the public because of their
effectiveness, availability, and reusability, particularly when the de-
mand for disposable medical-grade masks outstrips supply (Maclntyre
etal., 2015). Compared to other types of masks, however, the discomfort
of cloth masks has received less empirical attention (Chughtai et al.,
20165 MacIntyre et al., 2015), despite calls in the literature to minimize
user discomfort (e.g., Bhattacharjee et al., 2020; Czypionka et al., 2021).
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To improve the tolerability of cloth masks, it is necessary to measure
user discomfort. Physical properties of cloth masks that affect user
discomfort can be measured objectively. For example, the breathability
of mask material(s) is typically operationalized as the pressure drop (e.
g., in units of mm H20/cm2) between the two sides of the mask material
(Kwong et al., 2021), with a lower pressure drop indicating greater
breathability. Nonetheless, it is also important to measure discomfort
subjectively, which can reveal how physical properties of masks mani-
fest in user discomfort (Choi et al., 2020), particularly in real-world
conditions (Meyer et al., 1997; Radonovich et al., 2019). Moreover,
measuring discomfort subjectively can also reveal potential limitations
of objectively defined standards (e.g., pressure drop). For example, users
of tight-fitting respirators (e.g., N95s) in clinical settings frequently
report breathing difficulty (Baig et al., 2010; Radonovich et al., 2009),
despite wearing respirators that meet objective breathability standards.

Constructs, like discomfort, should be assessed with an instrument
that produces psychometrically reliable and valid measurements, such
as a multi-item scale(s) (DeVellis, 2017). While such instruments have
been developed to measure the discomfort of tight-fitting respirators
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(N95s and elastomeric half-mask respirators; LaVela et al., 2017), and
for face masks, broadly defined (Howard, 2020), there is no instrument
that assesses the discomfort of cloth masks specifically. Instruments
developed for tight-fitting respirators (e.g., the Respirator Comfort,
Wearing Experience, and Function Instrument; LaVela et al., 2017) are
inappropriate because, unlike cloth masks, tight-fitting respirators are
designed to seal tightly against the users face, which may cause
discomfort to manifest in ways unique to these types of masks, such as
leaving painful marks or indentations on the face or redness from the
metal nose-bridge (LaVela et al., 2017). Other instruments that include
measures of the discomfort of face masks, broadly defined (e.g., the Face
Mask Perceptions Scale; Howard, 2020), appear to assess only a single
dimension of discomfort, such as breathability (e.g., “Face masks disrupt
my breathing,” and “Face masks get too hot,”); users of cloth masks
likely experience other dimensions of discomfort as well, which may
manifest as physical irritation or pain (Guo et al., 2008; Roberge et al.,
2012).

Otherwise, the discomfort of face masks has been assessed with a
single, global item (Cheok et al., 2021; Luximon et al., 2016; Roberge
et al., 2013; Scarano et al., 2020; Shenal et al., 2012; Smart et al., 2020),
which is questionable for a construct as ambiguous as “discomfort,” or a
single item(s) that assess one dimension of discomfort (e.g., breathing
discomfort or mask-tightness; (Cheok et al., 2021; Goh et al., 2019;
Luximon et al., 2016; Roberge et al., 2013; Smart et al., 2020).
Compared to multi-item scale scores, ratings of a single item are more
affected by random measurement error and the specific wording of that
item, the effects of which both average out in multi-item scale scores
(DeVellis, 2017). Additionally, multi-item scale scores can offer a more
discriminating response scale than a single item with limited response
options can, which enhances validity by allowing for stronger correla-
tions with external variables (e.g., user behaviors; Sarstedt and Wilc-
zynski, 2009).

Regarding validity, measures of the subjective discomfort of face
masks have distinguished between different types of respirators (Rado-
novich et al., 2019; Shenal et al., 2012) and are associated with user
compliance (Chughtai et al., 2016; Shenal et al., 2012). Beyond
compliance, an important (but less studied; Bakhit et al., 2021) criteria
are behaviors that limit the effectiveness of cloth masks during use, such
as adjusting one’s mask, touching one’s face, and removing one’s mask
temporarily (Kellerer et al., 2021). As others have observed, the fre-
quency of these problematic behaviors may be reduced with masks that
are less uncomfortable (Shiraly et al., 2020; Smart et al., 2020). To this
end, the goal of the present studies was to develop an instrument that
produces a reliable and valid measure(s) of the discomfort of cloth
masks. In Study 1, we used exploratory factor analysis to reveal the
factor-structure of the discomfort of cloth masks. In Study 2, we used
confirmatory factor analysis to verify this factor-structure in an inde-
pendent sample. In both studies, we assessed the criterion-related val-
idity of our measures with the self-reported frequency of problematic
mask-wearing behaviors, with which we expected our measures of
discomfort to be positively related.

2. Study 1: Exploratory factor analysis
2.1. Methods

2.1.1. Item generation

We defined “discomfort” as any unpleasant sensation that relates to
the body, such as pain, irritation, or other sensations arising from
physiological strain (e.g., breathing difficulty or heat stress), rather than
the mind (e.g., anxiety or self-consciousness). We then identified studies
that assessed the discomfort of face masks, comprising studies on tight-
fitting respirators (e.g., N95s or elastomeric half-mask respirators) or
loose-fitting masks (e.g., surgical masks or cloth masks). We reviewed
the item(s) comprising each scale to identify categories of items that
recurred across scales and that were relevant to cloth face masks.
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Additionally, we identified other ways in which cloth masks can be
uncomfortable that were not captured by these categories. Five cate-
gories of items emerged: 1) heat build-up (Baig et al., 2010; Guo et al.,
2008; Howard, 2020; LaVela et al., 2017; Roberge et al., 2010; Roberge
et al., 2012; Roberge et al., 2013; Smart et al.,, 2020), 2) moisture
build-up (Guo et al., 2008; LaVela et al., 2017; Roberge et al., 2010;
Roberge et al., 2012), 3) breathing difficulty (Choi et al., 2020; Goh
et al., 2019; Guo et al., 2008; Howard, 2020; LaVela et al., 2017;
Roberge et al., 2013; Smart et al., 2020), 4) pain (LaVela et al., 2017;
Roberge et al., 2012), and 5) irritation (Baig et al., 2010; Guo et al.,
2008; LaVela et al., 2017; Roberge et al., 2010; Roberge et al., 2012). We
assumed these categories could reflect related, but potentially distinct,
dimensions of discomfort. Consequently, we generated multiple items
for each category (from four to seven items; Fabrigar et al., 1999),
resulting in a total of 30 items. After evaluating the items for relevance,
clarity, and thoroughness, we performed cognitive interviews with five
individuals, who were asked to think-aloud while rating the items. We
revised item-wording based on this feedback.

2.1.2. Participants

In April 2021, participants were recruited through Amazon Me-
chanical Turk (MTurk) and were required to have at least a 95%
approval rate on MTurk (Keith et al., 2017). To determine eligibility,
participants were asked if English was their primary language and to
rate how often they wore a cloth mask (as a single mask or as the inner
layer of two masks) when going out in public over the last three months
(1 = “Never,” 2 = “Sometimes,” 3 = “About half the time,” 4 = “Most of
the time,” and 5 = “Always). We defined a cloth mask as any mask that is
worn over the nose and mouth, made of fabric (e.g., cotton or polyester),
attaches to your head (e.g., with ear loops or ties), and can be washed.
We excluded participants who selected “Never” or indicated that English
was not their primary language.

2.1.3. Procedure

Eligible participants were then invited to complete a second survey;
participants first answered questions about demographics and their use
of cloth masks, including for how long they typically wear cloth masks as
well as the frequency at which they engage in certain (problematic)
mask-wearing behaviors when in public: adjusting one’s mask, touching
one’s face, and removing one’s mask temporarily. Participants rated the
frequency of each behavior using 6 response options (Never = 1, Very
Rarely = 2, Rarely = 3, Occasionally = 4, Frequently = 5, Very
Frequently = 6). Participants then rated the items assessing discomfort
in a random order (Bandalos, 2021) using 4 response options (1 = “Not
at all,” 2 = “A little bit,” 3 = “Somewhat,” 4 = “Very much so,”). We
included three attention checks throughout the survey (Keith et al.,
2017), removing participants who failed any attention check. All
research procedures were approved by the Emory University Institu-
tional Review Board on April 6th, 2021 (Protocol Number:
STUDY00001556).

2.1.4. Exploratory factor analysis

We conducted a preliminary statistical evaluation to identify prob-
lematic items, comprising pairs of items with excessively strong corre-
lations (r’s > 0.80; Gamst et al., 2015; Pett et al., 2003), which may
generate a spurious factor(s) in exploratory factor analysis (EFA), or
items with uniformly low pairwise correlations (r’s < 0.30; Tabachnick
and Fidell, 2001). After removing problematic items, we assessed the
factorability of the correlation matrix using Bartlett’s test of sphericity
and the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy.

We then performed EFA using principal axis factoring. To determine
the number of factors to retain, we conducted a Parallel Analysis (using
permutations of the raw data; O’Connor, 2000), a scree test (using ei-
genvalues from the reduced correlation matrix; Fabrigar and Wegener,
2011; O’Connor, 2000), and considered the interpretability and parsi-
mony of solutions comprising well-defined factors (i.e., factors reflected
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by at least three items; Costello and Osborne, 2005; Tabachnick and
Fidell, 2001; Worthington and Whittaker, 2006). As we expected factors
to be correlated (e.g., heat build-up and moisture build-up), we used an
oblique rotation (Direct Quartimin) and used the factor loadings in the
pattern matrix (Fabrigar and Wegener, 2011; Tabachnick and Fidell,
2001) to interpret the extracted factors.

To better approximate simple structure (Worthington and Whittaker,
2006), we then removed items based on their contribution to the solu-
tion; candidates for removal were items with a low communality (i.e.,
<0.40; Costello and Osborne, 2005), items that failed to load substan-
tially on any factor (i.e., <0.40; Howard, 2016), items with a high
cross-loading (i.e., loading >0.32 on more than one factor; Costello and
Osborne, 2005; Howard, 2016), or otherwise, items with a difference of
less than 0.20 between their highest and lowest factor loadings
(Howard, 2016; Worthington and Whittaker, 2006).

2.1.5. Criterion-related validity

To provide evidence for the criterion-related validity of the factor-
subscales, we assessed the extent to which factor-subscale scores were
related to the self-reported frequency of three problematic mask-
wearing behaviors. For each participant, we calculated the un-
weighted mean of the items comprising each factor-subscale, which we
used to predict the self-reported frequency of each problematic-behavior
using multiple linear regression. All statistical analyses were performed
in SPSS version 27. A p value < 0.05 was considered statistically
significant.

2.2. Results/discussion

2.2.1. Participants

We received complete data from 246 respondents, 11 (4.5%) of
which were excluded for failing at least one attention check or
completing the survey more than once. The remaining respondents (n =
235; Median age = 38 years, IQR: 28-41 years; 52.8% female, 0% other)
were mostly from North America (63.8%), followed by the Indian sub-
continent (23.4%), Europe (7.2%), South America (4.7%), and else-
where (<1%). Respondents reported wearing a cloth mask for a median
duration of 2 h (IQR: 1-5 h), in total, on a typical day in which they wear
a cloth mask in public.

2.2.2. Preliminary evaluation of items

There were no missing data. The mean Pearson correlation between
items was 7 = 0.43 (SD = 0.12), with all items having at least one
pairwise correlation >.30. Inspection of the correlation matrix revealed
a handful of item-pairs with excessively strong correlations (r’s > 0.80).
One pair comprised items related to ear pain, “My ears bother me,” and
“My ears hurt,” (r = 0.82), and three inter-related pairs of items related
to breathing difficulty, “It is hard to breathe,” “I have trouble breathing,”
and “I feel out of breath,” (Range: 0.80-0.82). Given the undesirable
redundancy within these pairs (DeVellis, 2017), we removed one item
related to ear pain (“My ears hurt,”) and two redundant items related to
breathing difficulty (“I have trouble breathing,” and “I feel out of breath,
") before performing EFA.

2.2.3. Exploratory factor analysis

We assessed the factorability of the correlation matrix of the
remaining 27 items. Bartlett’s test of sphericity was significant (y* =
4105.67, df = 351; p < 0.001), which indicates that the correlation
matrix was different from an identity matrix, and the Kaiser-Meyer-
Olkin (KMO) Measure of Sampling Adequacy was 0.94, well above the
recommended minimum value of 0.60 (Howard, 2016; Tabachnick and
Fidell, 2001). Thus, the correlation matrix was appropriate for EFA. A
scree test of the eigenvalues of the reduced correlation matrix suggested
a 2-factor solution whereas Parallel Analysis suggested up to a 5-factor
solution (EFA eigenvalues: 11.94, 1.71, 0.91, 0.73, 0.58; Parallel Anal-
ysis 95th percentile eigenvalues: 0.92, 0.78, 0.69, 0.61, 0.55). To choose
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among these solutions, we evaluated the interpretability and parsimony
of solutions comprising 2 to 5 factors (Fabrigar and Wegener, 2011). The
2-factor solution provided the most well-defined, parsimonious, and
interpretable set of factors; Factor 1 comprised items that reflect the
discomfort related to the breathability of cloth masks (e.g., “I feel hot,”
“It is hard to breathe,” and “I want fresh air,”) and the Factor 2
comprised items that reflect discomfort related to the tightness of cloth
masks against the face, head, and ears (e.g., “My head hurts,” “My ears
feel pinched,” “My face feels ticklish,” and “My face hurts,”). We
retained the 2-factor solution for subsequent analyses.

To better approximate simple structure, we iteratively removed nine
items in total, repeating EFA after removing each item. Having obtained
a clear factor structure (Worthington and Whittaker, 2006), we then
optimized the length of each factor-subscale by removing items that
loaded most weakly on their primary factor. As methodologists have
recommend a ratio of at least three to five items per factor (MacCallum
et al., 1999; Velicer and Fava, 1998), we reduced each factor-subscale to
six items (Table 1), repeating EFA after removing each item. The two
factors, which were strongly correlated (r = 0.53), accounted for 55.92%
of the variance in the 12 items. These 12 items comprise the Discomfort
of Cloth Masks-12 (DCM-12) scale (see appendix).

2.2.4. Criterion-related validity

The mean breathability- and tightness-related discomfort subscale
scores (1 = “Not at all,” to 4 = “Very much so,”) were M = 2.5 (SD = 0.8)
and M = 1.8 (SD = 0.7), respectively. The mean self-reported frequency
(1 = “Never,” to 6 = “Very frequently,”) of adjusting one’s mask in
public, touching one’s face (either outside or underneath their mask) in
public, and removing one’s mask temporarily in public was M = 4.0 (SD
=1.2), M = 3.2 (SD = 1.3), and M = 2.7 (SD = 1.4), respectively.
Multiple regression analyses (Table 2) revealed that both breathability-
and tightness-related discomfort predicted the frequency at which re-
spondents reported touching their face (R? = 0.14, p < 0.001) and
removing their mask temporarily while in public (R = 0.17, p < 0.001).
However, only breathability-related discomfort predicted the frequency
at which respondents reported adjusting their mask while in public (R
= 0.08, p < 0.001).

3. Study 2: confirmatory factor analysis

The goal of Study 2 was to confirm the 2-dimensional factor structure
of the DCM-12 using confirmatory factor analysis in an independent
sample. Moreover, as Study 1 provided evidence of the criterion-related
validity of the DCM-12 subscale scores, we also sought to test the
replicability of these relationships.

Table 1
Item factor loadings from the pattern matrix with item communality, mean
rating, and standard deviation.

Item Factor 1 Factor 2 Communality M SD

I want to cool off. 0.80 —0.02 0.63 2.63 0.97
I feel hot. 0.76 0.08 0.65 2.47  1.04
Ineed to take big breaths.  0.72 —0.04 0.49 231  1.07
1 want fresh air. 0.72 —0.09 0.46 3.08 0.94
It is hard to breathe. 0.72 0.14 0.64 229 1.05
My face feels hot. 0.66 0.15 0.57 2.36  1.00
My face hurts. —0.04 0.82 0.64 1.57 0.88
My ears feel pinched. —0.10 0.74 0.48 2.03 1.04
My head hurts. 0.09 0.71 0.58 1.59 0.88
My ears bother me. —0.04 0.69 0.45 2.07 1.04
My face feels pinched. 0.18 0.65 0.58 2.03 1.04
My head bothers me. 0.18 0.63 0.55 1.65 0.90

Note. Factor 1 = Breathability-related discomfort. Factor 2 = Tightness-related
discomfort. All items were rated on a 4-point scale (1 = “Not at all,” 2 = “A little
bit,” 3 = “Somewhat,” 4 = “Very much so,”). For each item, the primary factor
loading is in bold.
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Table 2
Multiple regression analyses predicting self-reported frequency of behaviors
from factor-subscale scores.

Question Predictor B t p

Factor 1 0.18 246 0.015*
Factor 2 0.14 1.92 0.056

How often do you adjust your mask with
your hands?

How often do you touch your face with ~ Factor 1 0.27 3.77  <0.001***
your hands (either outside or Factor 2 0.15 211  0.036*
underneath your mask)?

How often do you temporarily remove Factor 1 0.25 3.59  <0.001***
your mask? Factor 2 0.22 3.12 0.002**

Note. Each question began with the phrase, “While wearing a cloth mask in
public,” and was rated using a 6-point scale (Never = 1, Very Rarely = 2, Rarely
= 3, Occasionally = 4, Frequently = 5, Very Frequently = 6). Factor 1 =
Breathability-related discomfort subscale score; Factor 2 = Tightness-related
discomfort subscale score.

*p < 0.05, **p < 0.01**, ***p < 0.001.

3.1. Methods

3.1.1. Confirmatory factor analysis

We used structural equation modeling to perform confirmatory fac-
tor analysis (CFA) with the lavaan package (version 0.6-9; Rosseel,
2012) in R statistical software. To estimate model parameters, we used
robust unweighted least squares with a mean-and-variance (ULSMV)
corrected X2 statistic (Forero et al., 2009; Savalei and Rhemtulla, 2012;
Shi et al., 2018), which is recommended for CFA models involving items
rated on fewer than five response options (Rhemtulla et al., 2012). We
specified an initial model with two correlated latent variables, each
reflected by six items (Table 3), and no correlated residuals between
items. We then evaluated standard measures of global fit (Brown, 2006;
Worthington and Whittaker, 2006): Confirmatory Fit Index (CFI), Root
Mean Squared Error of Approximation (RMSEA) with a 90% confidence
interval, and standardized root mean square residual (SRMR). To
determine goodness of fit, we applied conventional cutoff values: CFI
>0.95 (Hu and Bentler, 1999), an RMSEA value < 0.05, <0.08, or <
0.10 as indicating good, acceptable, and marginal fit, respectively
(Browne and Cudeck, 1992), and an SRMR <0.08 (Hu and Bentler,
1999). We report but did not use y? as a measure of global fit because of
its sensitivity to sample size (Worthington and Whittaker, 2006).
Additionally, we evaluated two measures of local fit, correlated re-
siduals and Lagrange multiplier modification indices. To determine
goodness of fit at the local level, we considered correlated residuals > |
0.10| (Kline, 2016) and modification indices >11 (i.e., p < 0.001) as
suggestive of local misfit.

To assess the reliability of each factor-subscale, we used the semTools
package (version 0.5-5; Jorgensen et al., 2021) in R statistical software
to calculate McDonald’s ®, which is appropriate when items are

Table 3
Completely standardized item factor loadings with standard error and item
communality.

Item Factor 1 Factor 2 SE Communality
1 want to cool off. 0.04 .57
I feel hot. 0.03 .69
I need to take big breaths. 0.04 .62
1 want fresh air. 0.06 44
It is hard to breathe. 0.03 .73
My face feels hot. 0.03 .70
My face hurts. 0.03 .76
My ears feel pinched. 0.04 .50
My head hurts. 0.03 .81
My ears bother me." 0.05 .48
My face feels pinched. 0.03 .79
My head bothers me. 0.03 74

Note. Residuals of items marked ' were allowed to correlate post hoc. Factor 1 =
Breathability-related discomfort; Factor 2 = Tightness-related discomfort.
**%p < 0.001.

Applied Ergonomics 98 (2022) 103616

unit-weighted to form a total scale score and violate the assumptions of
tau-equivalence and uncorrelated errors, as Cronbach’s o assumes
(McNeish, 2018). Additionally, we assessed convergent and discrimi-
nant validity using the average variance extracted (AVE) for each factor.
An AVE > 0.50 indicates adequate convergent validity whereas
discriminant validity is supported if the AVE for each factor is greater
than the variance shared between those factors (Fornell and Larcker,
1981).

3.1.2. Participants

In May 2021, we recruited participants through MTurk, who were
required to have at least a 95% approval rate and not have participated
in Study 1. As in Study 1, we excluded respondents whose primary
language was not English and reported never having worn a cloth mask
when in public in the last 3 months. We targeted a sample size of at least
200 respondents, which exceeds MacCallum et al.’s (1999) recom-
mended sample size (100-200) for factor analysis models with strongly
determined factors (i.e., an item-to-factor ratio of 20:3) and item com-
munalities around 0.5; the mean item communality in Study 1 was M =
0.6 (SD = 0.1) with an item-to-factor ratio of 18:3. We included three
attention checks throughout the survey, removing participants who
failed any attention check. To test for differences in demographic vari-
ables between the two studies, we used Fisher’s exact test for categorical
variables and Mann-Whitney U test for (skewed) continuous variables.

3.1.3. Criterion-related validity

To provide replicable evidence for the criterion-related validity of
the factor-subscales (as in Study 1), we assessed the extent to which
factor-subscale scores were related to the self-reported frequency of
three problematic mask-wearing behaviors using multiple regression.

3.2. Results/discussion

3.2.1. Participants

We received complete data from 230 respondents, 16 of which were
excluded for failing at least one attention check or completing the survey
more than once. The remaining respondents (n = 214; Median age = 35
years, IQR: 29-45 years; 43.5% female, < 1% Other) were mostly from
North America (63.5%), followed by the Indian subcontinent (25%),
Europe (5.7%), South America (2.8%), and elsewhere (2.8%). Re-
spondents reported wearing a cloth mask for a median duration of 3 h
(IQR: 1-5h), in total, on days on which they wear a cloth mask in public.
Respondents in Studies 1 and 2 did not differ in age (W = 23,214, p =
0.21), continent of origin (p = 0.66), gender (p = 0.07), nor for how long
they typically wear a cloth mask in public (W = 23,289, p = 0.27).

3.2.2. Confirmatory factor analysis

There were no missing data. The global fit of the initial model was
acceptable according to most criteria: % = 185.98 (df = 53, p < 0.001),
CFI = 0.95, RSMEA = 0.11 (90% CI: 0.09-0.12), and SRMR = 0.07.
However, correlation residuals and modification indices (MIs) both
suggested that the residuals of one pair of items should be allowed to
correlate (“My ears feel pinched,” and “My ears bother me; ” r = 0.31,
MI = 25.77); both items loaded strongly onto the same factor and were
very similar in meaning, suggesting a method effect (Bandalos, 2021;
Brown, 2006) rather than a substantive misspecification. Allowing re-
siduals to correlate between these items sufficiently improved global
model fit according to all criteria: ? = 127.55 (df = 52, p < 0.001), CFI
= 0.97, RSMEA = 0.08 (90% CI: 0.07-0.10), and SRMR = 0.05. Addi-
tionally, correlated residuals (largest |r| = 0.17) and MIs (largest MI =
8.8) were uniformly low.

Completely standardized factor loadings (Table 3) were uniformly
high, ranging from 0.66 to 0.90 (all p’s < 0.001; Table 3). McDonald’s @
for the breathability- and tightness-related discomfort factor-subscales
were 0.88 and 0.86, respectively. The two latent factors were strongly
correlated (r = 0.78, p < 0.001), but not excessively so (r > 0.80 or 0.85;



J.M. Mumma et al.

Brown, 2006). The AVE for breathability- (0.63) and tightness-related
discomfort (0.68) were each greater than the variance shared between
the factors (2 = 0.61) and greater than 0.50, which suggests adequate
discriminant and convergent validity, respectively (Fornell and Larcker,
1981). Thus, a 2-factor structure fit the data well.

3.2.3. Criterion-related validity

The mean breathability- and tightness-related discomfort scores (1 =
“Not at all,” to 4 = “Very much so,”) were M = 2.7 (SD = 0.8) and M =
2.0 (SD = 0.8), respectively. The mean self-reported frequency (1 =
“Never,” to 6 = “Very frequently,”) of adjusting one’s mask in public,
touching one’s face (either outside or underneath their mask) in public,
and removing one’s mask temporarily in public was M = 4.0 (SD =1.1),
M = 3.4 (SD = 1.4), and M = 2.8 (SD = 1.4), respectively. Multiple
regression analyses (Table 4) revealed that both breathability- and
tightness-related discomfort predicted the frequency at which re-
spondents reported touching their face while wearing a cloth mask in
public (R? = 0.22, p < 0.001). However, only breathability-related
discomfort predicted the frequency at which respondents reported
adjusting their mask (R? = 0.08, p < 0.001) whereas only tightness-
related discomfort predicted how often respondents reported
removing their mask temporarily (R? = 0.20, p < 0.001).

4. General discussion

Wearing cloth masks in public settings is effective at slowing the
spread of respiratory-borne pathogens, such as SARS-CoV-2, in the
community (Czypionka et al., 2021; Howard et al., 2021). The effec-
tiveness of cloth masks, however, depends upon the extent to which the
public uses them appropriately (Howard et al., 2021). As appropriate
use is thought to be partly related to the degree of discomfort of wearing
cloth masks, it is important to measure user discomfort to design masks
that will be tolerable for end-users. To this end, we identified and
confirmed the factor structure underlying items assessing the discomfort
of cloth masks; the resulting DCM-12 measures two dimensions of
discomfort: breathability-related discomfort, which is reflected by the
degree of breathing difficulty and heat build-up, and tightness-related
discomfort, which is reflected by the degree of pain or irritation in the
face, head, and ears.

Across two studies, both dimensions of discomfort were strongly and
positively correlated, which is unsurprising given the relationship be-
tween the fit (i.e., tightness) and the breathability of a mask. Lee et al.
(2020) observed that the fit of cloth masks affects their breathability
because fit controls the size of the gap(s) between the user’s face and
mask (i.e., leakage; Kwong et al., 2021), which allows exhaled air to
escape more easily than if were to pass through the mask material. On
the other hand, unique variance in each dimension is likely to be related,
in part, to properties of masks that are independent of one another;

Table 4
Multiple regression analyses predicting frequency of behaviors from factor-
subscale scores.

Question Predictor f t p

Factor 1 0.19 224 0.026*
Factor 2 0.12 1.39 0.167
Factor 1 0.23  2.87  0.004**
Factor 2 0.28 3.52  0.001%***

How often do you adjust your mask
with your hands?

How often do you touch your face with
your hands (either outside or
underneath your mask)?

How often do you temporarily remove
your mask?

Factor 1 0.15 1.80 0.074
Factor 2 0.34 4.16 <0 .001%**

Note. Each question began with the stem, “While wearing a cloth mask in pub-
lic,” and was rated using the same 6-point scale (Never = 0, Very Rarely = 1,
Rarely = 2, Occasionally = 3, Frequently = 4, Very Frequently = 5). Factor 1 =
Breathability-related discomfort subscale score; Factor 2 = Tightness-related
discomfort subscale score.
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independent of fit, the breathability of a cloth mask is affected by
properties of the mask material, such as its filtration efficiency, and the
number of layers comprising the mask (Kwong et al., 2021). Indepen-
dent of the mask material(s), an overly tight mask can cause pain and
irritation via pressure and friction against the face, head, or ears,
particularly over extended periods of use (Lee et al., 2020).

The separability of these dimensions is further demonstrated by their
differential relationships with problematic mask-wearing behaviors.
Across both studies, we provide replicable evidence that the degree of
breathability- and tightness-related discomfort not only accounted for
unique variance in certain behaviors but were also uniquely related to
different behaviors; as discomfort related to the breathability and the
tightness of a mask increased, so too did the self-reported frequency of
touching one’s face. Across both studies, however, the frequency of
adjusting one’s mask and removing one’s mask temporarily were
consistently predicted by breathability- and tightness-related discom-
fort, respectively. This suggests that adjusting one’s mask may be done
primarily to relieve discomfort from a lack of breathability, rather than
to relieve pain and irritation from the tightness of a mask. Removing
one’s mask temporarily, however, removes pressure from the face, head,
or ears thereby relieving the discomfort from the tightness of the mask.

The 2-factor structure of the DCM-12 differs from the common,
unidimensional conceptualization of the discomfort of face masks as
being related to breathability only (e.g., Choi et al., 2020; Goh et al.,
2019; M. C. Howard, 2020; Roberge et al., 2013; Smart et al., 2020). It is
unlikely that the 2-dimensional structure of discomfort is entirely
unique to cloth masks because other types of masks, both loose- and
tight-fitting, have the same issues of fit and breathability. However, the
items reflecting these dimensions may need to be contextualized for
different types of face masks; for example, tightness-related discomfort
in tight-fitting respirators can manifest in ways unique to these types of
mask (e.g., painful indentations on the face; Baig et al., 2010; LaVela
etal., 2017; Roberge et al., 2010). Lastly, the multidimensional nature of
discomfort should discourage the use of single, global items to measure
discomfort (e.g., Goh et al., 2019; Roberge et al., 2010; Shenal et al.,
2012); not only do such items lack diagnostic value, but their ambiguity
may undermine their reliability and validity.

The present studies are not without limitations. We focused on cloth
masks, which we defined as any mask that is worn over the nose and
mouth, made of fabric, attaches to your head, and can be washed;
consequently, we cannot speak to the appropriateness of the DCM-12 for
measuring the discomfort of other types of loose-fitting masks, such as
surgical masks, which are a popular alternative to cloth masks. Addi-
tionally, we did not elicit details of the cloth masks that respondents
wore, which most certainly varied with respect to the type of fabric (e.g.,
cotton or polyester), number of layers of fabric, patterns (e.g., pleated or
flat), or how the mask attaches to the head (e.g., with elastic ear loops or
fabric ties). Consequently, we could not assess the known-groups val-
idity of the DCM-12, as related instruments have for other types of face
masks (Radonovich et al., 2019). Lastly, we relied on self-reports of
mask-wearing behaviors as our criterion variable. Although arguably
less reliable than independent observations of behavior, the DCM-12
nonetheless revealed clear and consistent relationships between
discomfort and self-reported behaviors.

The DCM-12 also has applied value. The items are applicable to cloth
masks generally and the relatively small number of items allows the
DCM-12 to be administered quickly. Future research should assess other
forms of validity, such as known-groups validity, as well as criterion-
related validity based upon observations of user behaviors. Ultimately,
we hope that the DCM-12 will aid in the design of cloth masks that are
not only effective as source control but are also tolerable for extended
periods of use. In designing cloth masks, we recommend that user
discomfort be assessed early and often in the design process because
design decisions intended to maximize the effectiveness of cloth mask as
source control may create discomfort, which leads to user behaviors that
undermine the effectiveness of the mask. For example, all else being
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equal, a looser-fitting mask is more breathable, but leakage reduces the
filtration efficiency of a mask (Cappa et al., 2021), while a tighter-fitting
mask will have better filtration efficiency but will be less breathable,
potentially leading users to remove their mask temporarily while in
public. Considering user discomfort may reduce the frequency of be-
haviors that undermine the effectiveness of cloth masks. As the response
to the COVID-19 pandemic has demonstrated, masking as a
non-pharmaceutical intervention is most effective when there are high
levels of compliance in the community, underscoring the importance of
behavior in the success of public health efforts to reduce the trans-
mission of respiratory-borne pathogens.
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