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Abstract
We report four studies (N=1419) examining emotional reactions from March to April 2020, when COVID-19 exhibited expo-
nentially increasing infections and fatalities. Specifically, we examined associations between emotions with self-reported inten-
tions to enact virus-prevention behaviors that protect oneself from COVID-19 and eudaimonic functioning. Study 1A, 1B, and
Study 2 provided naturalistic evidence that mixed emotions predicted legitimate virus-prevention behaviors and eudaimonic
functioning in the USA and Singapore, and Study 2 also supported receptivity as a mediator. Finally, Study 3 provided
experimental evidence that mixed emotions causally increased legitimate virus-prevention behaviors relative to neutral, positive
emotion, and negative emotion conditions, whereas eudaimonic functioning was increased only relative to the neutral condition.
Across all studies, positive and negative emotions were unrelated to legitimate virus-prevention behaviors, while relationships
with eudaimonic functioning were inconsistent. While self-reported measures do not represent actual behaviors, the findings
suggest a potential role for mixed emotions in pandemic-related outcomes.
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The COVID-19 outbreak is an unprecedented global crisis
which has exceededmillions of infections and fatalities world-
wide. Amidst this crisis, two practical concerns are pertinent.
The first is encouraging intentions to enact virus-prevention
practices that could slow the spread of COVID-19, such as
good hygiene and social distancing (Dalton et al., 2020).
Complicating this, misinformation is widespread (Garrett,
2020) and has been propagated even by some authorities.
The second concern is whether individuals can experience
positive psychological outcomes despite the pandemic. It is
hence pertinent to examine intentions to enact legitimate
virus-prevention behaviors that may effectively prevent infec-
tion, as well as whether individuals can maintain positive
functioning amidst this crisis. We examined these issues with

four studies from March to April 2020, when trajectories of
infections and fatalities were rising exponentially.

In particular, the COVID-19 pandemic has been character-
ized by intense emotionality. As emotions are major anteced-
ents of perceptions and behaviors (Keltner & Gross, 1999),
examining how emotions during this crisis may influence be-
haviors is crucial. Furthermore, mixed emotions, in which
people simultaneously experience positive and negative emo-
tions (Larsen &McGraw, 2011), may dominate the emotional
landscape of many individuals during this crisis (McCarthy,
2020). Whereas positive emotions may promote resilience
(Gloria & Steinhardt, 2016) and negative emotions generally
have debilitative consequences (Badour et al., 2017), the role
of mixed emotions in an international crisis like the COVID-
19 pandemic remains unknown and merits study.

One perspective, which we term the integrative perspec-
tive, argues that mixed emotions serve adaptive integrative
functions, especially in adversity (Adler & Hershfield, 2012;
Larsen et al., 2003). For example, Rees et al. (2013) found
across four experimental studies that mixed emotions facili-
tated better judgement on estimation tasks, and this was me-
diated by receptivity, which reflects a willingness to accept
information from multiple perspectives even if they are
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conflicting. By facilitating receptivity and effective integra-
tion of divergent information, mixed emotions may promote
complex thought processes (Fong, 2006) and well-being
(Berrios et al., 2018). Moreover, these effects were unique
from positive and negative emotions, suggesting that mixed
emotions are distinctive affective states (Vaccaro et al., 2020).
Although positive emotions may also broaden thought pro-
cesses (Fredrickson, 2001), they may encourage uncritical ac-
ceptance of pro-attitudinal or mood-congruent information
(Forgas & East, 2008; Ziegler, 2014). Furthermore, while neg-
ative emotions may reduce gullibility (Forgas, 2019), they
also encourage impulsivity (Selby et al., 2016) and ineffective
coping (Tran et al., 2019). Mixed emotions may hence have
unique implications from positive and negative emotions.

However, an alternative view of mixed emotions, which
we term the conflict perspective, suggests that mixed emo-
tions are conflicting and agonizing states (Mejía & Hooker,
2017; van Harreveld et al., 2009) that are linked to negative
traits, negative life events, and negative emotionality (Barford
et al., 2020; Barford & Smillie, 2016; Hui et al., 2009).
Indeed, some evidence suggests that mixed emotions could
be linked to motivational and behavioral avoidance (Durso
et al., 2016; van Harreveld et al., 2015) and could have neg-
ative implications for self-esteem and well-being (Newman
et al., 2019). These diverging theoretical perspectives compli-
cate predictions concerning whether mixed emotions would
be adaptive within the pandemic.

For example, the integrative perspective would predict that
mixed emotions should facilitate receptivity towards legiti-
mate virus-prevention behaviors, which are scientifically sup-
ported behaviors that may protect oneself from infection (e.g.,
social distancing). Conversely, the conflict perspective would
predict that mixed emotions could encourage behavioral
avoidance and reduce receptivity towards such behaviors. It
is also unclear whether effects predicted by either perspective
could generalize to unsupported virus-prevention behaviors,
which may appear to have protective functions but are not
scientifically supported (e.g., consuming honey), and atypical
virus-prevention behaviors, which are not scientifically sup-
ported and are unusual behaviors that could be harmful (e.g.,
using detergent as mouthwash). While the finding that mixed
emotions enable better judgement (Rees et al., 2013) implies
that mixed emotions should not elicit indiscriminate receptiv-
ity to misinformation, the finding that mixed emotions con-
sume regulatory resources (van Harreveld et al., 2009) could
imply that mixed emotions may decrease the ability to inhibit
maladaptive forms of coping.

Moreover, whereas the integrative perspective would pre-
dict that mixed emotions may enhance psychological func-
tioning, the conflict perspective would predict that mixed
emotions could interfere with psychological functioning.
Specifically, we focused on eudaimonic functioning, which
broadly encompasses positive functioning and flourishing.

Whereas hedonic conceptualizations focus on pleasure or the
absence of adversity, eudaimonic conceptualizations focus on
positive functioning even during adversity (Ryan & Deci,
2001) and are especially appropriate for studying pandemic-
related outcomes. Three aspects of eudaimonia may be partic-
ularly relevant to this crisis: feeling appreciation towards life
(Huta, 2013), developing complex insights about life (Bauer
& McAdams, 2010), and experiencing self-improvement mo-
tivations (Huta & Waterman, 2014).

Given the conflicting theoretical perspectives, we made no
a priori hypotheses and instead sought to provide empirical
tests to determine which of the two competing perspectives
would be supported by the data before examining the replica-
bility of the findings. We conducted four studies from March
to April 2020, focusing primarily on the USA, where the pan-
demic was in its early stages of exponentially worsening.
Moreover, as argued by Dejonckheere et al., (2019), positive
and negative emotions must be controlled for to conclude that
any findings are independently and uniquely explained by
mixed emotions. We hence examined global positive, nega-
tive, and mixed affective states to comprehensively examine
emotional states and important pandemic-related outcomes,
specifically legitimate, unsupported, and atypical virus-
prevention behaviors, and eudaimonic functioning.
Furthermore, we adjusted for demographical variables that
could be implicated in pandemic-related outcomes (e.g.,
Pasion et al., 2020), including age, gender, education level,
household income, and household size, as well as social de-
sirability, which may lead to artificial responses motivated by
self-presentational concerns (Timmons et al., 2020). These
controls ensure that findings for mixed emotions are not con-
founded by single-valenced emotions and demographical
variability.

Study 1

Study 1 examined whether naturalistic emotions during the
COVID-19 pandemic would predict virus-prevention behav-
iors and eudaimonic functioning. Specifically, Study 1A was
conducted in the USA between 26 March (85,356 infections)
and 29 March (140,904 infections). Study 1B was conducted
in Singapore, an East Asian country, between 26 March (683
infections) and 20 April (8014 infections),1 and serves as a
comparison to determine whether the findings would general-
ize across two samples differing in culture and the pandemic’s
severity, among other differences.

1 Statistics on cases and fatalities are retrieved from https://www.cdc.gov/
coronavirus/2019-ncov/cases-updates/previouscases.html and https://
covidsitrep.moh.gov.sg/.
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Method

Participants

We aimed to collect at least 300 participants to provide ade-
quately powered tests for structural equation modelling
(Kline, 2016). We recruited 351 participants from the USA
with at least a 99% approval rate and at least 10,000 HITs
completed via Amazon Mechanical Turk (MTurk) for Study
1A, while 466 participants from Singapore were recruited via
online advertisements for Study 1B. Participants in Study 1A
were reimbursed with USD $1.00; participants from Study 1B
participated for a lucky draw of two SGD $100 prizes. At the
end of the study, participants were given a thorough
debriefing (see Appendix C) to correct misinformation and
direct them to reliable sources of information about the pan-
demic. We excluded 13 and 53 participants in Study 1A and
Study 1B, respectively, for failing attention checks, giving
338 participants and 413 participants, respectively (see
Table 1 for demographic details and demographic
differences). Data and R codes are available at https://osf.io/
tbwc5/?view_only=2cc3ae50f0f24f91ba7d206b21381d15.

Measures

Cronbach’s alphas for all measures are presented in Table 1.
Materials and scale construction considerations (including
items, instructions, and psychometric properties) are provided
in Appendix A.

Emotions Participants were instructed to think about the on-
going COVID-19 virus outbreak and asked “Over the past two
weeks, to what extent have you felt the following emotions as
a result of this outbreak?”. The reference period of 2 weeks
was specified to capture greater variability in emotions but
also to avoid tapping into schematic or dispositional beliefs
(e.g., Robinson & Clore, 2002), and the outbreak was speci-
fied as the target to avoid assessing diffuse mood states rather
than emotions (Beedie et al., 2005). They rated several emo-
tion items presented in randomized order on a seven-point
scale, with the following anchors: 1 (“Did not feel the emotion
at all”), 4 (“Felt the emotion moderately”), and 7 (“Felt the
emotion very much”). Positive emotionswere measured by 21
items (e.g., “Grateful,” “Joyful”); negative emotions were
measured by 20 items (e.g., “Sad,” “Fearful”). Mixed
emotions were measured by 28 items adapted based on
Barford and Smillie (2016; e.g., “a mixture of positive and
negative emotions at the same time”) and were rated on the
same 7-point scale with the same anchors.

Virus-Prevention Behaviors We measured legitimate, unsup-
ported, and atypical virus-prevention behaviors. Participants
were given a list of behaviors and were told that these were

coping behaviors that may have potential in reducing the risk
of COVID-19. They then rated how likely they were to try
each behavior to prevent getting infected by COVID-19 on a
seven-point scale, with these anchors: 1 (“Not at all likely to
do this”), 4 (“Somewhat likely to do this”), and 7 (“Very likely
to do this”). Six items measured legitimate virus-prevention
behaviors (e.g., “Wash your hands with soap or hand sanitizer
frequently,” “Minimize unnecessary social contact, such as
social gatherings or sharing foodwith others”). Six items mea-
sured unsupported virus-prevention behaviors (e.g., “Exercise
more frequently,” “Consume honey regularly”). Six items
measured atypical virus-prevention behaviors (e.g., “Rinse
your mouth with detergent,” “Take pills for malaria which
may have antiviral properties”).

Eudaimonic Functioning Participants were asked to rate items
examining how they perceived the COVID-19 outbreak and
how it has affected them. They rated measures of appreciation
of life (four items; e.g., “This crisis has made me appreciate
things I’ve taken for granted”), self-improvement motivations
(four items; e.g., “This crisis has made me realize that I want
to improvemyself”), and complex beliefs about life (six items;
e.g., “This crisis has increased the complexity of my beliefs
about life”) on seven-point scales from 1 (“Not at all”) to 7
(“Very much”).

Covariates Age, gender (1 = “male,” 0 = “female”), education
level (1 = “No school or some grade/primary school” to 11 =
“Advanced degree beyond a Master’s Degree”), annual
household income (1 = “Less than $10000” to 8 =
“$150,000 or more”), and household size were assessed as
demographical covariates. Eight items from the Balanced
Inventory of Desirable Responding (BIDR-16; Hart et al.,
2015) were administered to control for socially desirable ten-
dencies, rated on a seven-point scale from 1 (“Strongly
Disagree”) to 7 (“Strongly Agree”). Four items were re-
verse-coded. Following Hart et al. (2015), each item was
scored such that “6” or “7” were scored “1” while ratings
below “6” were scored “0.” The eight scores were summed.

Checks Two attention checks were administered to detect in-
attentive responses (e.g., “Maintaining good hygiene, but for
this question select the option ‘2’ to show that you are paying
attention”).

Results

Descriptive statistics and pairwise comparisons of sample dif-
ferences are summarized in Table 1. Details on pairwise com-
parisons regarding key predictor and outcome variables are
provided in Supplementary Analyses A. In Study 1A, mixed
emotions were positively correlated with positive emotions (r
= 0.42, p < 0.001) and negative emotions (r = 0.55, p < 0.001).

313Affective Science (2021) 2:311–323

https://osf.io/tbwc5/?view_only=2cc3ae50f0f24f91ba7d206b21381d15
https://osf.io/tbwc5/?view_only=2cc3ae50f0f24f91ba7d206b21381d15


Similarly, in Study 1B, mixed emotions were also positively
correlated with positive emotions (r = 0.66, p < 0.001) and
negative emotions (r = 0.61, p < 0.001). Positive and negative
emotions were not correlated in Study 1A (r = -0.05, p = 0.36)
but were positively correlated in Study 1B (r = 0.31, p <
0.001). As noted by Dejonchkheere et al. (2019), it is hence
important to adjust for positive and negative emotions in order
to conclude that any associations are independent of single-

valenced emotions. Analyses were performed using R (lavaan
package) to conduct latent variable structural equation model-
ling. Missing data was addressed using full-information max-
imum likelihood (FIML) procedures, which are gold-standard
procedures for handling missing data (Enders & Bandalos,
2001).

We first tested the measurement model using confirma-
tory factor analyses in Study 1A and 1B. Randomized

Table 1 Descriptive statistics for
all key variables in Study 1A and
1B

Study 1A Study 1B Exploratory pairwise
comparisons

M SD Range M SD Range

Age 43.07 12.87 22 to
73

22.57 3.62 18 to
53

F(1, 751) = 956.54, p <
0.001

Gender 0.46 0.50 155
Mal-
es

0.35 0.48 144
Mal-
es

F(1, 750) = 9.25, p =
0.002

Education 6.25 1.88 2 to 11 5.14 1.20 3 to 11 F(1, 751) = 96.56, p <
0.001

Income 4.54 1.74 1 to 8 3.51 2.21 1 to 8 F(1, 751) = 45.78, p <
0.001

Household size 2.59 1.40 0 to 8 4.26 1.19 1 to 9 F(1, 751) = 311.55, p <
0.001

Social desirability 3.48 2.57 0 to 8 1.61 1.72 0 to 8 F(1, 751) = 143.95, p <
0.001

Positive emotions 2.97
(0.9-
4)

1.21 1 to
6.71

3.03
(0.9-
3)

1.01 1 to 5.9 F(1, 665) = 0.98, p =
0.32

Negative emotions 2.76
(0.9-
3)

1.14 1 to 5.8 3.01
(0.9-
0)

0.93 1 to 7 F(1, 665) = 1.35, p =
0.25

Mixed emotions 3.02
(0.9-
6)

1.21 1 to 7 3.13
(0.9-
5)

1.09 1 to 7 F(1, 665) = 0.17, p =
0.68

Legitimate
virus-prevention

5.46
(0.7-
9)

1.22 1 to 7 4.95
(0.7-
8)

1.23 1.33 to
7

F(1, 665) = 7.84, p =
0.005

Unsupported
virus-prevention

2.60
(0.8-
3)

1.41 1 to
6.67

2.42
(0.7-
8)

1.10 1 to 7 F(1, 665) = 12.70, p <
0.001

Atypical
virus-prevention

1.77
(0.7-
8)

1.05 1 to 7 1.45
(0.7-
2)

0.62 1 to 4.5 F(1, 665) = 62.51, p <
0.001

Appreciation 4.85
(0.9-
6)

1.84 1 to 7 5.18
(0.9-
5)

1.49 1 to 7 F(1, 623) = 3.59, p =
0.059

Self-improvement 4.35
(0.9-
6)

1.92 1 to 7 4.11
(0.9-
4)

1.65 1 to 7 F(1, 620) = 0.48, p =
0.49

Complex beliefs 4.34
(0.9-
4)

1.69 1 to 7 5.00
(0.9-
1)

1.39 1 to 7 F(1, 622) = 11.35, p =
0.001

Parentheses beside the means indicate Cronbach’s alpha for the variable and study. Gender was coded with 0 =
female and 1 = male, and mean scores hence indicate gender proportions. Exploratory pairwise comparisons
indicate whether mean scores for each variable differ between the two samples. This was done using ANOVAs for
demographic comparisons, while pairwise comparisons for key predictors and outcomes were performed using
ANCOVAs to adjust for demographic differences. The latter comparisons are presented in Supplementary
Analyses A in more detail
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parceling was conducted following recommendations of
Landis et al. (2000) to reduce the number of indicators
per latent factor. Items measuring positive, negative, and
mixed emotions were respectively randomly assigned into
five parcels each, while items measuring legitimate, un-
supported, and atypical behaviors were respectively ran-
domly assigned into three parcels each. Items measuring
complex beliefs about life were randomly assigned into
three parcels, while items measuring appreciation of life
and self-improvement motivations were specified directly
as indicators. Overall eudaimonic functioning was speci-
fied as a higher-order factor comprising the lower-order
factors of appreciation of life, self-improvement motiva-
tions, and complex beliefs about life. Model fit was strong
in Study 1A, χ2 (536) = 977.48, p < 0.001, CFI = 0.96,
RMSEA = 0.049, SRMR = 0.050, and 1B, χ2 (536) =
931.79, p < 0.001, CFI = 0.97, RMSEA = 0.042, SRMR
= 0.044.

Next, we tested the structural models for both studies.
We examined whether mixed emotions predicted legiti-
mate, unsupported, and atypical virus-prevention behav-
iors, as well as overall eudaimonic functioning, control-
ling for the latent factors of positive emotions, negative
emotions, and the observed variables for age, gender, ed-
ucation, income, household size, and social desirability.
All predictors were allowed to covary. Model fit for the
structural model was strong in both Study 1A, χ2 (704) =
1194.72, p < 0.001, CFI = 0.96, RMSEA = 0.045, SRMR
= 0.047, and 1B, χ2 (704) = 1150.74, p < 0.001, CFI =
0.96, RMSEA = 0.039, SRMR = 0.042. The measurement
and structural models of Study 1A and 1B are provided in
Supplementary Figs. 1 and 2 respectively.

As summarized in Table 2, in Study 1A, mixed emo-
tions predicted higher legitimate virus-prevention behav-
iors and eudaimonic functioning, whereas positive emo-
tions and negative emotions did not predict these out-
comes. Mixed emotions also predicted higher endorse-
ments of unsupported virus-prevention behaviors but did
not predict atypical virus-prevention behaviors. In con-
trast, positive emotions and negative emotions both pre-
dicted higher endorsements of unsupported and atypical
virus-prevention behaviors. Key findings from Study 1B
were largely consistent with Study 1A, such that mixed
emotions significantly predicted legitimate virus-
prevention behaviors and higher eudaimonic functioning,
but not atypical virus-prevention behaviors. However,
mixed emotions did not predict unsupported virus-
prevention behaviors in Study 1B. Positive emotions did
not predict any of the outcomes in Study 1B, while neg-
ative emotions predicted higher endorsements of unsup-
ported virus-prevention behaviors and atypical virus-
prevention behaviors as well as lower eudaimonic
functioning.

Study 2

Study 2 was conducted in the USA from 3rd April (277,205
infections) to 5th April (330,891 infections) and aimed to rep-
licate the key results of Study 1. Study 2 also tested the theo-
retical model in which receptivity may mediate the associa-
tions of mixed emotions.

Method

Participants

As per Study 1, we aimed to collect at least 300 participants.
We recruited 318 participants from the USAwho had at least a
99% approval rate and 10,000 HITs completed via MTurk.
They were each reimbursed with USD $1.00. Eight partici-
pants failed attention checks and were excluded. The final
sample consisted of 310 participants (see Table 3 for
demographic details). As per Study 1, participants were given
a full debriefing after the study (Appendix C). Data and R
codes are available at https://osf.io/tbwc5/?view_only=
2cc3ae50f0f24f91ba7d206b21381d15.

Measures

The same items measuring emotions, virus-prevention behav-
iors, eudaimonic functioning, attention checks, and covariates
from Study 1 were used. In addition, Study 2 included three
receptivity items (α = 0.78) that assessed how open partici-
pants were to new ways of coping with the crisis (“I am re-
ceptive to new ways of looking at the current crisis.”, “I am
open to trying new ways to cope to avoid getting infected.”,
“If I am infected, I would be open to trying new ways to be
cured of the infection.”) on a 7-point scale from 1 (“Strongly
Disagree”) to 7 (“Strongly Agree”). Cronbach’s alphas for all
measures are presented in Table 3. Materials are provided in
Appendix A.

Results

Descriptive statistics are summarized in Table 3, and ex-
ploratory descriptive findings regarding whether the wors-
ening crisis (operationalized as the number of infection
cases on the day of participation) correlated with the vari-
ables when combining Study 1A and Study 2 (US samples
co l l ec t ed abou t a week apa r t ) a r e r epo r t ed in
Supplementary Analyses A. Mixed emotions were posi-
tively correlated with positive emotions (r = 0.37, p <
0.001) and negative emotions (r = 0.46, p < 0.001), while
positive emotions were negatively correlated with negative
emotions (r = −0.28, p < 0.001). Analyses were performed
using the same procedures in Study 1. Model fit was strong
for both the measurement model, χ2 (536) = 953.50, p <
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0.001, CFI = 0.96, RMSEA = 0.050, SRMR = 0.049, and
the structural model, χ2 (704) = 1223.88, p < 0.001, CFI =

0.95, RMSEA = 0.049, SRMR = 0.047. The measurement
and structural model is provided in Supplementary Fig. 3.
Results largely replicated Study 1, such that mixed emo-
tions predicted legitimate virus-prevention behaviors and
eudaimonic functioning but not atypical virus-prevention
behaviors (Table 4). The finding that mixed emotions pre-
dicted unsupported virus-prevention behaviors in Study
1A was not replicated. Neither positive emotions nor neg-
ative emotions predicted legitimate virus-prevention be-
haviors but both predicted endorsements of unsupported
and atypical virus-prevention behaviors, consistent with
Study 1A. Negative emotions did not predict eudaimonic
functioning, while positive emotions predicted higher
eudaimonic functioning.

Next, we examined the mediational model. All model
specifications are identical to the above, except the addi-
tion of receptivity as a latent variable indicated by three
items. Receptivity was specified as an outcome variable
predicted by mixed emotions, controlling for positive
emotions, negative emotions, demographics, and social
desirability. Additionally, receptivity was specified as a
predictor of legitimate virus-prevention behaviors and
eudaimonic functioning. Analyses were bootstrapped with
10,000 resamples, and the indirect effects of mixed emo-
tions via receptivity were computed. Model fit was strong

Table 2 Standardized latent variable path coefficients predicting all outcome variables in Study 1A and 1B

Legitimate behaviors Unsupported behaviors Atypical behaviors Eudaimonic functioning

Study 1A β p 95% CI β p 95% CI β p 95% CI β p 95% CI

Age 0.03 0.62 [−0.015, 0.01] 0.14 0.013 [−0.03, −0.003] −0.19 0.001 [−0.02, −0.01] −0.01 0.80 [−0.02, 0.01]
Gender −0.13 0.028 [−0.62, −0.04] −0.02 0.74 [−0.32, 0.23] 0.09 0.099 [−0.03, 0.37] −0.11 0.026 [−0.69, −0.04]
Education 0.03 0.57 [−0.06, 0.11] 0.01 0.85 [−0.07,0.09] 0.03 0.57 [−0.04, 0.07] 0.02 0.71 [−0.07, 0.11]
Income 0.06 0.35 [−0.05, 0.14] −0.06 0.32 [−0.14, 0.05] −0.17 0.005 [−0.16, −0.03] 0.03 0.60 [−0.08, 0.14]
HH size 0.10 0.12 [−0.02, 0.21] 0.14 0.013 [0.03, 0.24] 0.21 <0.001 [0.06, 0.22] 0.09 0.13 [−0.03, 0.22]
S. Des 0.31 <0.001 [0.10, 0.22] 0.10 0.071 [−0.004, 0.11] −0.03 0.65 [−0.05, 0.03] 0.14 0.006 [0.03, 0.16]

Pos. E −0.11 0.14 [−0.30, 0.04] 0.22 0.001 [0.11, 0.43] 0.26 <0.001 [0.11, 0.35] 0.09 0.17 [−0.06, 0.32]
Neg. E 0.10 0.24 [−0.08, 0.32] 0.18 0.023 [0.03, 0.41] 0.32 <0.001 [0.14, 0.41] −0.12 0.12 [−0.40, 0.04]
Mix. E 0.34 <0.001 [0.17, 0.59] 0.29 0.001 [0.14, 0.53] 0.11 0.22 [−0.05, 0.23] 0.58 <0.001 [0.55, 1.02]

Study 1B β p 95% CI β p 95% CI β p 95% CI β p 95% CI

Age 0.04 0.44 [−0.02, 0.05] 0.08 0.15 [−0.01, 0.06] −0.01 0.91 [−0.02, 0.01] 0.01 0.85 [−0.03, 0.04]
Gender −0.10 0.073 [−0.47, 0.02] −0.04 0.51 [−0.31, 0.15] −0.07 0.27 [−0.16, 0.04] 0.01 0.90 [−0.21, 0.24]
Education −0.03 0.57 [−0.13, 0.07] 0.05 0.40 [−0.05, 0.14] −0.01 0.90 [−0.04, 0.04] 0.01 0.84 [−0.09, 0.10]
Income 0.02 0.71 [−0.05, 0.07] −0.04 0.54 [−0.07, 0.04] −0.09 0.17 [−0.04, 0.01] 0.09 0.09 [−0.01, 0.10]
HH size −0.09 0.098 [−0.18, 0.02] 0.02 0.70 [−0.07, 0.11] 0.02 0.71 [−0.03, 0.05] −0.02 0.77 [−0.10, 0.08]
S. Des 0.15 0.005 [0.03, 0.16] −0.09 0.073 [−0.12, 0.01] 0.00 0.97 [−0.03, 0.03] 0.08 0.099 [−0.01, 0.11]
Pos. E −0.09 0.29 [−0.29, 0.09] 0.06 0.46 [−0.11, 0.24] 0.04 0.65 [−0.06, 0.09] 0.09 0.24 [−0.07, 0.28]
Neg. E 0.11 0.15 [−0.06, 0.38] 0.24 0.003 [0.11, 0.53] 0.23 0.016 [0.02, 0.21] −0.16 0.023 [−0.44, −0.03]
Mix. E 0.33 0.002 [0.12, 0.54] 0.11 0.30 [−0.09, 0.30] −0.02 0.84 [−0.09, 0.08] 0.61 <0.001 [0.42, 0.82]

HH size = household size; S. Des = social desirability; Pos. E = positive emotions; Neg. E = negative emotions; Mix. E = mixed emotions

Table 3 Descriptive statistics for all key variables in Study 2

M SD Range

Age 42.63 12.74 22 to 79

Gender 0.39 0.49 119 Males

Education 6.57 1.86 2 to 11

Income 4.84 1.72 1 to 8

Household size 2.55 1.35 0 to 8

Social desirability 3.52 2.49 0 to 8

Positive emotions 3.20 (0.94) 1.19 1 to 6.71

Negative emotions 2.92 (0.93) 1.13 1 to 6.25

Mixed emotions 3.18 (0.96) 1.21 1 to 6.36

Legitimate virus-prevention 5.80 (0.78) 1.07 1 to 7

Unsupported virus-prevention 2.95 (0.84) 1.45 1 to 7

Atypical virus-prevention 1.82 (0.75) 1.02 1 to 6.17

Appreciation 5.22 (0.96) 1.66 1 to 7

Self-improvement 4.63 (0.97) 1.77 1 to 7

Complex beliefs 4.46 (0.95) 1.66 1 to 7

Receptivity 5.38 (0.78) 1.20 1.33 to 7

Parentheses beside the means indicate Cronbach’s alpha

316 Affective Science (2021) 2:311–323



for both the measurement model, χ2 (634) = 1125.00, p <
0.001, CFI = 0.96, RMSEA = 0.050, SRMR = 0.053, and
the structural model, χ2 (832) = 1462.67, p < 0.001, CFI =
0.95, RMSEA = 0.050, SRMR = 0.057. The measurement
and structural model for the mediation is depicted in
Supplementary Fig. 4, while the summarized figure of the
mediational model is provided in Fig. 1.

Results indicated that mixed emotions predicted higher
receptivity (β = 0.40, p < 0.001, 95% CI [0.18, 0.63]) and
receptivity in turn predicted higher virus-prevention behav-
iors (β = 0.56, p < 0.001, 95% CI [0.35, 0.76]) and
eudaimonic functioning (β = 0.46, p < 0.001, 95% CI
[0.35, 0.74]. The indirect effects of mixed emotions via
receptivity on legitimate virus-prevention behaviors

(indirect effect = 0.22, 95% CI [0.08, 0.39]) and eudaimonic
functioning (indirect effect = 0.21, 95% CI [0.09, 0.37])
were significant. Alternative mediational models (see
Supplementary Fig. 5) in which mixed emotions were in-
stead specified as mediators between receptivity and legiti-
mate virus-prevention behaviors or eudaimonic functioning
received less support. Specifically, while the alternative me-
diational model was also supported for eudaimonic func-
tioning, indirect effect = 0.06, 95% CI [0.02, 0.11], there
was no support for this model for legitimate virus-
prevention behaviors, indirect effect = 0.01, 95% CI
[−0.04, 0.06]. The theoretical model in which receptivity
is specified as the mediator is hence more consistently sup-
ported across both outcome variables.

Table 4 Standardized latent variable path coefficients predicting all outcome variables in Study 2

Legitimate behaviors Unsupported behaviors Atypical behaviors Eudaimonic functioning

β p 95% CI β p 95% CI β p 95% CI β p 95% CI

Age −0.02 0.77 [−0.01, 0.01] −0.02 0.76 [−0.02, 0.01] −0.11 0.070 [−0.01, 0.001] −0.05 0.36 [−0.02, 0.01]
Gender −0.12 0.058 [−0.57, 0.01] −0.14 0.016 [−0.79, −0.08] 0.02 0.70 [−0.15, 0.22] −0.11 0.028 [−0.59, −0.03]
Education −0.09 0.18 [−0.13, 0.03] −0.01 0.82 [−0.11, 0.09] −0.03 0.66 [−0.06, 0.04] −0.10 0.060 [−0.15, 0.003]
Income 0.07 0.33 [−0.05, 0.14] −0.12 0.064 [−0.22, 0.01] −0.24 <0.001 [−0.17, −0.05] 0.10 0.071 [−0.01, 0.17]
HH Size 0.14 0.034 [0.01, 0.23] 0.12 0.062 [−0.01, 0.27] 0.06 0.35 [−0.04, 0.11] 0.07 0.18 [−0.03, 0.18]
S. Des 0.03 0.64 [−0.05, 0.08] −0.02 0.71 [−0.09, 0.06] −0.19 0.004 [−0.10, −0.02] 0.19 0.001 [0.05, 0.16]

Pos. E −0.08 0.38 [−0.28, 0.11] 0.33 <0.001 [0.22, 0.70] 0.33 <0.001 [0.11, 0.37] 0.25 0.001 [0.14, 0.51]

Neg. E −0.04 0.68 [−0.27, 0.18] 0.25 0.007 [0.10, 0.66] 0.26 0.006 [0.06, 0.36] 0.03 0.71 [−0.18, 0.26]
Mix. E 0.29 0.004 [0.09, 0.47] 0.03 0.78 [−0.20, 0.27] 0.04 0.65 [−0.10, 0.15] 0.43 <0.001 [0.32, 0.69]

HH size = household size; S. Des = social desirability; Pos. E = positive emotions; Neg. E = negative emotions; Mix. E = mixed emotions

Legitimate 

Behaviors

Receptivity
Mixed 

Emotions

Eudaimonic 

Functioning

= .40***

= .46***

= .06

= .56***

= .25***

Fig. 1 Mediational model of mixed emotions predicting legitimate virus-
prevention behaviors and eudaimonic functioning via receptivity in Study
2. Bolded lines represent significant paths while dashed lines indicate
nonsignificant paths. *** p < 0.001. Positive emotions, negative emotions,
age, gender, education level, household income, household size, and

social desirability were controlled for in all pathways. Indirect effects of
mixed emotions via receptivity were significant for both legitimate virus-
prevention behaviors (indirect effect = 0.22, 95% CI [0.08, 0.39]) and
eudaimonic functioning (indirect effect = 0.21, 95% CI [0.09, 0.37])
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Study 3

Study 3 provided a preregistered experimental study to
test whether incidental mixed emotions experienced in
the moment (e.g., Lerner & Keltner, 2001) would influ-
ence immediate intentions to enact legitimate virus-
prevention behaviors and eudaimonic functioning relative
to positive emotion, negative emotion, and neutral control
groups. Study 3 was conducted between 9 April (459,165
infections) and 20 April (776,093 infections). As mixed
emotions were largely unrelated to unsupported and atyp-
ical virus-prevention behaviors in Study 1 and Study 2,
these outcomes were not assessed in Study 3.
Additionally, as the causal relationship between mixed
emotions and receptivity has previously been established
(Rees et al., 2013), we did not further examine receptivity
in Study 3. These omissions keep the study shorter and
reduce the likelihood that the elicited emotions would
dissipate due to fatigue while participants are completing
the outcome measures. We hence focused on replicating
the main findings of Study 1 and Study 2, which revealed
consistently positive associations between mixed emo-
tions with legitimate virus-prevention behaviors and
eudaimonic functioning. We hypothesized that mixed
emotions would lead to higher endorsements of these
two outcomes relative to other conditions.

Method

Participants

Study 3 was preregistered at http://aspredicted.org/blind.php?
x=i8ni5t. Assuming a medium effect size based on Study 1
and Study 2, power analyses for a four-condition between-
subjects experiment indicated a minimumN = 179 for a power
of 0.80 and alpha of 0.05. As experimental effect sizes may be
attenuated by data noise due to online experimental settings,
we sought to collect at least 300 participants after exclusions,
which would allow for 0.80 power even if effect sizes were
small to medium. Based on previous MTurk experimental
studies which usually exclude between 15 and 25% of partic-
ipants (e.g., Young et al., 2018), we took a conservative ap-
proach and projected up to a 30% exclusion rate, given that
more extensive exclusion criteria are used in the present study.
Hence, we aimed to collect at least 430 participants to allow
for 300 participants even if 30% of participants were exclud-
ed. We recruited 437 US participants via Amazon MTurk.
Participants were reimbursed USD $1.00. After exclusions
(see the “Data Quality Checks” section), the final N was 358
(155 males, 201 females, 2 others; Mage = 43.15, SDage = 12.
41, age range: 21–88 years). Data is available at https://osf.io/
tbwc5/?view_only=2cc3ae50f0f24f91ba7d206b21381d15.

Materials

A smaller set of items from Study 1 and Study 2 were used to
keep the study short and to ensure that the manipulated emo-
tions remained active while participants completed the depen-
dent measures. Items which maintained a balance between
high item-total correlations, factor loadings, and variability
as assessed based on means and standard deviation scores
were selected (see Appendix A for more details). The short-
ened scales maintained very strong correlations with the full
scales (r = 0.93 for legitimate virus-prevention behaviors and r
= 0.95 for eudaimonic functioning) and are thus likely to re-
liably capture the same construct. Three items (e.g., “Avoid
touching your face.”) assessed legitimate virus-prevention be-
haviors and four items (e.g., “This crisis has increased how
much I value the little things in life.”) assessed eudaimonic
functioning. For manipulation checks, participants rated how
they felt during the recall task on seven positive emotion
items, seven negative emotion items, and five mixed emotion
items. In addition, participants completed data quality and
hypothesis check items. Cronbach’s alphas are presented in
Table 5.

Procedure

Participants were randomly assigned to the following condi-
tions: (1) mixed emotions; (2) positive emotions; (3) negative
emotions; and (4) neutral (see full instructions in Appendix
B). Participants in the emotion conditions were asked to think
about how the COVID-19 crisis has impacted them and
caused them to feel either (1) positive emotions and negative
emotions at the same time; (2) positive emotions; or (3) neg-
ative emotions. Participants in the neutral condition described
their daily morning routine. All participants were instructed to
spend 5 minutes describing their experiences. Next, partici-
pants completed legitimate virus-prevention behavior items.
Next, as emotion manipulations are transient, we instructed
participants to undergo another round of emotion manipula-
tion, where they reflected on the description they provided
previously and wrote a few more lines to strengthen the ma-
nipulation. Next, the measure of eudaimonic functioning was
administered. Finally, participants completed manipulation,
data quality, and hypothesis-awareness check items.
Participants were then given a full debriefing (Appendix C).

Data Quality Checks

As online experiments have lower experimental control,
we employed several approaches to maximize the reliabil-
ity of our data. One approach was through data quality
and hypothesis-awareness items. Prior to the experiment,
participants completed an attention check where they were
told to indicate the option “negative two” on a seven-
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point scale (from −3 to 3); participants who failed this
check were automatically disqualified from further partic-
ipation. At the end of the experiment, participants report-
ed whether they completed the study in a private room;
talked to someone during the study; and were interrupted
during the study. Online studies lack the advantage of
laboratory studies where participants could focus on the
study diligently and greater experimental control could be
achieved. These measures assess whether the current par-
ticipants completed the study in conditions similar to iso-
lated laboratory-based settings. We excluded 4 partici-
pants who reported not being in a private room, 7 who
reported talking to someone, and 5 who reported being
interrupted. Moreover, 13 participants were excluded for
discerning the purpose of the experiment.

Additionally, several other approaches were taken as
well. One participant was flagged by Qualtrics to be a
bot, and 36 participants did not comply with the emotion
recall task instructions and provided descriptions that
were inappropriate for their assigned conditions. Using
duration metrics provided by Qualtrics, we identified 11
participants whose duration of participation exceeded the
97.5th percentile. We employed TaskMaster (Permut
et al., 2019) to assess the duration participants spent out-
side the study page (i.e., looking at other webpages), and
we identified 11 participants who had outside-study dura-
tion that exceeded the 97.5th percentile. To account for
individual variability in response times and to retain as
many participants as possible (Curran, 2016), we used a
conservative estimate to exclude only the most extreme
outliers who were above the 97.5th percentile on these
two metrics. All these participants were excluded. In
sum, 79 participants (18.1%) were excluded (some partic-
ipants failed more than one check and hence the numbers
did not sum to exactly 79). This exclusion rate is consis-
tent with other online experimental studies (e.g., Young
et al., 2018).

Results

Manipulation Checks

One-way ANOVAs indicate significant differences between
conditions in positive emotions, F(3, 354) = 25.02, p < 0.001,
ηp

2 = 0.18, negative emotions, F(3, 354) = 56.20, p < 0.001,
ηp

2 = 0.32, and mixed emotions, F(3, 354) = 26.34, p < 0.001,
ηp

2 = 0.18. Planned contrasts indicate that mixed emotions
were higher in the mixed emotion condition than other condi-
tions, t(356) = 7.83, p < 0.001; positive emotions were higher
in the positive emotion condition than other conditions2,
t(356) = 6.83, p < 0.001; and negative emotions were higher
in the negative emotion condition than other conditions, t(356)
= 9.69, p < 0.001 (see Table 5).

Main Analyses

Separate one-way ANOVAs indicated significant differences
between conditions in legitimate virus-prevention behaviors,
F(3, 354) = 5.03, p = 0.002, ηp

2 = 0.041, and eudaimonic
functioning, F(3, 354) = 5.95, p = 0.001, ηp

2 = 0.048.
Planned contrasts indicate that legitimate virus-prevention be-
haviors, t(356) = 3.44, p = 0.001, and eudaimonic functioning,
t(356) = 2.02, p = 0.044, were higher in the mixed emotion
condition than the other conditions (see Table 5). One-tailed
pairwise comparisons found that legitimate virus-prevention
behaviors were higher in the mixed emotion condition

Table 5 Cell means for
manipulation checks and outcome
variables in Study 3

Mixed emotion
condition

Positive
emotion
condition

Negative
emotion
condition

Neutral
condition

M SD M SD M SD M SD

Positive emotions (α = 0.91) 3.64bc 1.21 4.49acd 1.27 2.76abd 1.38 3.59bc 1.43

Negative emotions (α = 0.92) 3.58bcd 1.39 2.40ac 1.25 4.37abd 1.27 2.14ac 1.37

Mixed emotions (α = 0.93) 4.76bcd 1.25 3.75ad 1.42 3.38ad 1.62 2.90abc 1.49

Legitimate behaviors (α = 0.66) 6.22bcd 0.72 5.80a 1.06 5.87a 1.29 5.60a 1.19

Eudaimonic functioning (α = 0.96) 5.63d 1.12 5.41d 1.20 5.61d 1.19 4.96abc 1.35

Cell mean is significantly different from the mixed emotion condition; b cell mean is significantly different from
the positive emotion condition; c cell mean is significantly different from the negative emotion condition; d cell
mean is significantly different from the neutral condition

2 Contrary to expectation, positive emotions—which are part of mixed
emotions—did not differ between the mixed emotion (Mpositive-emotions =
3.64) and neutral (Mpositive-emotions = 3.59) conditions, though this did not affect
the key outcomes of interest. Inspecting the mean scores, positive emotions
were likely elicited at a mild to moderate intensity in both conditions, suggest-
ing that the neutral condition may inadvertently have elicited some positive
affect, possibly because recalling one’s morning routine could have restored a
sense of normalcy amidst an uncertain pandemic. Alternative neutral condi-
tions (e.g., recalling a mundane activity such as dishwashing) should be ex-
amined in future work.
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compared to the neutral, t(179) = 4.21, p < 0.001, 95% CI
[0.33, 0.91], d = 0.63, positive emotion, t(170) = 3.03, p =
0.002, 95% CI [0.15, 0.69], d = 0.46, and negative emotion
conditions, t(177) = 2.20, p = 0.015, 95% CI [0.04, 0.66], d =
0.33. In contrast, legitimate virus-prevention behaviors did not
differ between the positive emotion and neutral conditions,
t(177) = 1.20, p = 0.23, 95% CI [−0.13, 0.54], d = 0.18, and
also did not differ between the negative emotion and neutral
conditions, t(184) = 1.52, p = 0.13, 95% CI [−0.08, 0.64], d =
0.22.

One-tailed pairwise comparisons also indicated that
eudaimonic functioning was higher in the mixed emotion con-
dition compared to the neutral condition, t(179) = 3.61, p <
0.001, 95% CI [0.30, 1.03], d = 0.54. However, eudaimonic
functioning did not differ between the mixed emotion condi-
tion and the positive emotion condition, t(170) = 1.26, p =
0.10, 95% CI [−0.13, 0.57], d = 0.19, or the negative emotion
condition, t(177) = 0.12, p = 0.45, 95% CI [−0.32, 0.36], d =
0.02. Compared to the neutral condition, eudaimonic func-
tioning was also higher in the positive emotion condition,
t(177) = 2.31, p = 0.022, 95% CI [−0.07, 0.82], d = 0.35,
and the negative emotion condition, t(184) = 3.46, p =
0.001, 95% CI [0.28, 1.01], d = 0.51.

General Discussion

At a time when the COVID-19 pandemic was exponentially
worsening, we found that mixed emotions were associated
with self-reported intentions to enact legitimate virus-
prevention behaviors such as social distancing and good hy-
giene, and eudaimonic functioning involving appreciation,
self-improvement, and developing complex insights about
life, supporting the integrative perspective. These findings
held in a comparison sample (Study 1A and 1B) and were
replicated, with some evidence that receptivity may mediate
these findings (Study 2).3 Furthermore, manipulated mixed
emotions led to stronger intentions for enacting legitimate
virus-prevention behaviors and eudaimonic functioning rela-
tive to a neutral condition (Study 3), although comparisons
against positive and negative emotion conditions were signif-
icant only for virus-prevention behaviors but not eudaimonic
functioning.

Conversely, positive and negative emotions were not
linked to legitimate virus-prevention behaviors in any study,
suggesting that positive associations are unique to mixed emo-
tions. Moreover, mixed emotions were unrelated to atypical
virus-prevention behaviors, while links with unsupported
virus-prevention behaviors were found only in one study

and were not replicable. Conversely, positive and negative
emotions predicted unsupported and atypical virus-
prevention behaviors, which is consistent with findings that
positive emotions may promote gullibility (Forgas & East,
2008) and negative emotions may promote maladaptive cop-
ing (Tran et al., 2019). Links between eudaimonic functioning
with positive and negative emotions were inconsistent, with
both significant and nonsignificant associations across studies.
In contrast, links between mixed emotions with eudaimonic
functioning were largely consistent and replicable, though this
was not differentiable from single-valenced emotions in Study
3.

These findings suggest that mixed emotions could have
emotion-specific benefits for pandemic-related outcomes that
are distinctive from positive and negative emotions.
Specifically, mixed emotions may facilitate pandemic-
related psychological functioning and intentions of accepting
scientific recommendations for protecting against COVID-19
(Lewnard & Lo, 2020), and there is suggestive evidence that
this may not generalize to the uncritical acceptance of misin-
formation. These findings are in line with research suggesting
that mixed emotions facilitate integrative processes in which
divergent information are utilized to enhance processing and
coping outcomes (Rees et al., 2013) and suggest that the inte-
grative perspective may be more strongly supported than the
conflict perspective, at least within the context of an adversity
like the pandemic (Larsen et al., 2003). In most analyses, the
effect sizes of mixed emotions were medium to large (see
Table 6 for a summary of effect sizes), suggesting potentially
important associations that span both naturalistic and experi-
mental designs. Moreover, despite many differences between
the US and Singapore samples, we found preliminary evi-
dence that processes related to mixed emotions were similar.
Although some evidence suggests that mixed emotions pri-
marily benefit East Asian cultures which are accepting of
dialecticism (Miyamoto & Ryff, 2011), their integrative ben-
efits could be robust within the context of the pandemic.
Nevertheless, rigorous cross-national examinations will be re-
quired to make clearer cross-cultural conclusions.

Several other important points bear mentioning. We exam-
ined mixed emotions using direct measures (Berrios et al.,
2015), but indirect approaches such as the minimum index
(MIN) are also viable indices of mixed emotions (Larsen
et al., 2017). These approaches were not utilized in the present
study as they more accurately capture simultaneous co-
occurrence when state emotions in the moment are measured
as opposed to emotions over a period of time. Further research
to probe the strengths and limitations of using MIN or direct
measures in different contexts would provide substantial
methodological advancements. Additionally, despite some in-
consistencies, social desirability tended to bias self-reports
towards more favorable ratings, such as higher ratings of
eudaimonic functioning and legitimate behaviors. Given the

3 We performed additional analyses (reported in Supplementary Analyses B)
in which no demographical covariates were included. The key findings
remained consistent regardless of the inclusion of these covariates.
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strong emphasis on social responsibility in this pandemic, so-
cially desirable tendencies may have strong biasing effects
and may be important to adjust for in future pandemic-
related work (Timmons et al., 2020).

We also note several limitations. Firstly, as self-reported
measures were used, the conclusions may not generalize to
actual behaviors. Nevertheless, the self-reported measures
can provide valuable insights into how emotions may influ-
ence behavioral intentions, which likely precede actual behav-
iors. Future work should also examine actual behaviors such
as mask-wearing and other behavioral intentions such as the
willingness to receive vaccinations for COVID-19. Secondly,
Study 2 cannot conclusively establish whether receptivity me-
diated the associations of mixed emotions, or if mixed emo-
tions instead mediated the effects of receptivity. However, as
there is prior empirical evidence that mixed emotions causally
elicited receptivity which in turn exerted a mediating effect
(Rees et al., 2013), we sought to provide confirmatory support
for this theory rather than establish causality. Finally, Study 3
did not support distinctions between mixed emotions and
single-valenced emotions for eudaimonic functioning. One
possibility is that the expressive writing task may encourage
reappraisal processes independently of emotions (Baikie et al.,
2012), leading all the emotion conditions to increase
eudaimonic functioning. However, expressive writing specif-
ically about mixed emotions had unique benefits on the virus-
prevention measure, which may be especially pertinent to
public health outcomes, and other such unique benefits could
have potential for further research.

Overall, we provide evidence that mixed emotions may
have naturalistic and causal links with intentions to enact le-
gitimate virus-prevention behaviors that could reduce infec-
tion rates and eudaimonic functioning amidst the COVID-19
pandemic. Mixed emotions may thus have theoretical impli-
cations over and above single-valenced emotions and may

also have practical implications for important outcomes expe-
rienced during this crisis.
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