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The ability to differentiate between negative emotional states [negative emotion
differentiation (NED)] has been conceptualized as a trait that facilitates effective emotion
regulation and buffers stress reactivity. In the present research, we investigated the
role of NED in within-person processes of daily affect regulation and coping during
times of stress (the first COVID-19-related pandemic lockdown in April 2020). Using
intensive longitudinal data, we analyzed whether daily stress had an indirect effect on
sleep quality through calmness in the evening, and we tested whether NED moderated
this within-person indirect effect by buffering the link between daily stress and calmness
in the evening. A non-representative community sample (n = 313, 15–82 years old)
participated in a 21-day ambulatory assessment with twice-daily surveys. The results of
multilevel mediation models showed that higher daily stress was related to within-day
change in calmness from morning to evening, resulting in less calmness in the evening
within persons. Less calmness in the evening, in turn, was related to poorer nightly sleep
quality within persons. As expected, higher NED predicted a less negative within-person
link between daily stress and calmness in the evening, thereby attenuating the indirect
effect of daily stress on nightly sleep quality through calmness. This effect held when we
controlled for mean negative emotions and depression. The results provide support for
a diathesis-stress model of NED, and hence, for NED as a protective factor that helps
to explain why some individuals remain more resilient during times of stress than others.

Keywords: negative emotion differentiation, negative emotional granularity, daily stress, stress reactivity,
calmness, sleep quality, COVID-19, multilevel mediation analysis

INTRODUCTION

Individual differences in emotion differentiation (also called emotional granularity) refer to the
degree to which individuals make fine-grained distinctions between similarly valenced emotional
states (Barrett et al., 2001; Tugade et al., 2004). Individuals high in emotion differentiation
tend to use discrete emotion words (e.g., angry, disappointed, and lonely) in a context-
specific way, whereas individuals low in emotion differentiation tend to use same-valenced
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emotion words interchangeably across different situational
contexts. In particular, the ability to differentiate between
negative emotional states [negative emotion differentiation
(NED)] has been conceptualized as a trait that facilitates effective
emotion regulation and thereby promotes well-being (e.g.,
Kashdan et al., 2015). Two recent meta-analyses demonstrated a
significant but small association between NED and psychosocial
functioning: The results by O’Toole et al. (2020) indicated a
small positive relation between NED and behavioral adaptation
in non-clinical populations, and the results by Seah and Coifman
(2021) indicated a small negative association between NED and
the enactment of maladaptive behaviors, such as aggression or
avoidance. The fact that the meta-analytic effect sizes were rather
small may call into question the importance of NED as an
adaptive skill. However, as O’Toole et al. (2020) and others
(e.g., Barrett et al., 2001; Kashdan et al., 2015; Ottenstein and
Lischetzke, 2020) have argued, high NED can be assumed to be
most helpful under circumstances that evoke intense negative
emotions (e.g., stressful events). In the present study, we aimed
to shed more light on the assumed adaptive value of NED during
times of stress.

Negative emotion differentiation is typically measured
indirectly in daily life and operationalized as the degree of
covariation between negative emotions over time (Erbas et al.,
2014). That is, individuals are requested to repeatedly rate
their momentary emotional experience using ambulatory
assessment (AA) methodology (also termed experience sampling
or ecological momentary assessment; Trull and Ebner-Priemer,
2014). For each individual, the degree of covariation between
negative emotions over time is quantified by the intraclass
correlation coefficient (ICC) measuring average consistency.
A high ICC reflects that individuals frequently report feeling
different discrete negative emotions (such as anger, sadness, or
fear) at the same time (i.e., low NED). A low ICC reflects that
individuals report more divergent patterns of negative emotional
experience depending on the circumstances (i.e., high NED).

A large portion of previous research on NED can be classified
into two major types of studies: The first major type of study
compared NED in healthy controls and clinical populations,
including individuals diagnosed with major depressive disorder
(Demiralp et al., 2012), social anxiety disorder (Kashdan and
Farmer, 2014), borderline personality disorder (Suvak et al.,
2011), schizophrenia (Kimhy et al., 2014), and autism spectrum
disorder (Erbas et al., 2013). Taken together, the findings
from these studies indicated that low NED might represent a
transdiagnostic factor that contributes to the development and
maintenance of various mental disorders.

In the second type of study, concurrent or predictive
associations of NED with other individual difference constructs
(e.g., measured via global self-report or estimated via
aggregated/mean repeated states) were analyzed. Among
the individual differences that have been studied were emotional
clarity (Boden et al., 2013), verbal ability (Ottenstein and
Lischetzke, 2020), emotion regulation (Barrett et al., 2001;
Ottenstein, 2020), emotional intelligence (MacCann et al., 2020),
mindfulness (Tong and Keng, 2017), physical health (Oh and
Tong, 2020), psychopathological symptoms (Liu et al., 2020;

Schreuder et al., 2020), and well-being (Lennarz et al., 2018;
Dejonckheere et al., 2019; Ottenstein, 2020). This type of
research has helped to map out the nomological net that reflects
the potential antecedents and consequences of NED. However,
the added value of NED (and other emotional complexity
measures) in predicting overall levels of well-being and
psychopathology has recently been called into question because
the predictive utility of NED disappeared when mean affect
was controlled for (Dejonckheere et al., 2019, Schreuder et al.,
2020). This allows two conclusions: First, it is important to test
whether the predictive utility of NED remains significant after
accounting for the mean levels of negative emotions. Second,
more research is needed on the role that NED plays in predicting
individual differences in within-person processes of momentary
affect regulation and daily coping with stress. Thereby, process-
oriented studies might shed more light on why low NED is
related to higher overall levels of negative emotionality and a
higher risk of developing psychopathological symptoms.

To date, only relatively few studies have investigated NED
as a predictor of individual differences in within-person affect-
related processes. In one AA study (Kashdan et al., 2010),
NED moderated (buffered) the within-person link between
momentary negative affect and alcohol consumption, and in
another AA study (Pond et al., 2012), NED buffered the within-
person link between momentary anger and aggressive behavior.
Recently, Starr et al. (2020) proposed a diathesis-stress model
of NED. They hypothesized that individuals with high (vs.
low) NED may be “better prepared to manage the emotional
and behavioral aftermath of stress exposure” (p. 2), decreasing
the likelihood that stressful experiences result in depressive
symptoms. In a similar vein, Kashdan et al. (2015) argued that
high differentiators may be less likely to be overwhelmed in
stressful situations. Consistent with Starr et al.’s diathesis-stress
model, NED moderated the within-person relation between daily
hassles and daily depressed mood in a community sample of
adolescents: For low differentiators, daily hassles were more
strongly associated with higher daily depressed mood than
for high differentiators (Starr et al., 2020). Starr et al. (2017)
also found that NED moderated the within-person relation
between daily hassles and daily depressed mood in a sample of
help-seeking veterans. However, this moderator effect did not
generalize to a sample of college students—which suggests that
further replication of the proposed stress-buffering effect of NED
is warranted. In the present research, we sought to conceptually
replicate Starr et al. (2017, 2020) findings in the context of
coping with stressors during times of crisis by testing whether
NED would be found to buffer the link between daily stress and
calm-tense mood in the evening.

Moreover, we aimed to extend the within-person process
under scrutiny by additionally analyzing the potential
detrimental consequences of tense mood on sleep quality.
We expected an indirect within-person effect of perceived daily
stress on subjective sleep quality through calmness in the evening
(see the Level 1 part of Figure 1). Within-person fluctuations in
daily stress have been shown to be associated with fluctuations in
nightly sleep quality: In healthy adults (Morin et al., 2003; Garde
et al., 2011; Åkerstedt et al., 2012; Tousignant et al., 2019) and in
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FIGURE 1 | Moderated multilevel (1-1-1) mediation model (First-Stage Multilevel Conditional Process Model). Index W indicates the within-person part of the
time-varying variables. Time was included as a control variable at Level 1 (predicting MW and YW), but for simplicity, time is not depicted. NED, negative emotion
differentiation.

individuals with insomnia (Morin et al., 2003), subjective sleep
quality was lower on the days on which individuals experienced
more stress than usual. Heightened cognitive and somatic
arousal before bedtime have been proposed as mediators of the
link between daily stress and sleep quality (Morin et al., 2003;
Winzeler et al., 2014; Tousignant et al., 2019). Consistent with
this view, a recent review that summarized findings of AA studies
on the within-person link between day-to-day fluctuations in
sleep and mood (Konjarski et al., 2018) suggested that feelings
of serenity and calmness (i.e., low tense arousal) are the most
beneficial feelings for a good night’s sleep. In the present research,
we aimed to test whether daily stress has an indirect effect on
sleep quality through calmness in the evening. On the basis of
the diathesis-stress model of NED by Starr et al. (2017, 2020), we
expected that NED would moderate this within-person indirect
effect by buffering the link between daily stress and calmness in
the evening (see Figure 1).

What might be the mechanisms by which higher NED
ameliorates the adverse impact of daily stress on mood? Drawing
on theoretical accounts of NED and stress management, Starr
et al. (2020) proposed that high (vs. low) differentiators should
be better able to identify the cause of their experienced emotions
in response to stressors, and hence, to generate an adaptive
response. Similarly, Kashdan et al. (2015) speculated that high
NED should make it easier for individuals to shift their
attentional focus and adopt a more self-distanced perspective
on their feelings, thereby enhancing the opportunity for goal-
directed regulatory behavior. On the basis of these (yet untested)
ideas, we additionally aimed to explore whether daily rumination
about emotions would increase daily stress reactivity and
whether low NED would predict more daily rumination. In
one of two studies, Kalokerinos et al. (2019) found empirical

support that lower NED predicted more rumination in daily
life. However, given that rumination was operationalized as
referring to a single specific event in this study (first-year students
receiving grades) and that the evidence was inconsistent, more
research is warranted.

THE PRESENT RESEARCH

With the present research, we aimed to conceptually replicate
and extend Starr et al.’s (2017, 2020) findings on the stress-
buffering effect of NED. We conducted a 3-week AA study
during times of stress (the first pandemic lockdown in 2020) to
investigate the indirect within-person effect of perceived daily
stress on nightly subjective sleep quality through calmness in the
evening. We selected tense vs. calm mood as mood dimension
of interest because it has been conceptualized as an indicator
of psychological stress reactivity (e.g., Klaperski et al., 2013)
and was positively related to nightly sleep quality (Konjarski
et al., 2018) and negatively related to depressive symptoms (e.g.,
Huffziger et al., 2013; Timm et al., 2017). We tested the following
hypotheses:

Hypothesis 1: Daily stress will have an indirect effect on poorer
subjective sleep quality through calmness in the evening.

Hypothesis 2: The within-person indirect effect of daily stress
on nightly sleep quality through calmness in the evening will
vary on the basis of NED. Specifically, NED will moderate
the within-person relation between daily stress and calmness
in the evening such that at higher (vs. lower) levels of NED,
higher daily stress will be less strongly associated with a more
tense mood in the evening.
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In statistical terms, these hypotheses translate into a first-stage
multilevel conditional process model (Hayes and Rockwood,
2020)—that is, a moderated multilevel (1-1-1) mediation model
in which the predictor X (daily stress), the mediator M (calmness
in the evening), and the dependent variable Y (that night’s sleep
quality) are measured at Level 1 (i.e., the day level), and NED is
included as a Level 2 (i.e., person-level) moderator of the Level 1
association between X and M (cross-level interaction).

To control for potential effects of day-to-day fluctuations in
mood on the perception of daily stress, we assessed calmness in
the morning and included it as an additional Level 1 predictor
of calmness in the evening in the multilevel mediation model.
This allowed us to model within-day change in calmness from
morning to evening, and hence, path ai in the multilevel (1-1-
1) mediation model (see Figure 1) represented the within-person
relation between daily stress and within-day change in calmness
(for a similar strategy, in which lagged affect is included as a
Level 1 predictor, see, e.g., Kalokerinos et al., 2019). To test
whether the hypothesized moderating effect of NED would hold
when controlling for mean negative affect (Dejonckheere et al.,
2019; Schreuder et al., 2020), we added individuals’ mean level of
negative emotions across the AA study phase and their level of
depressive symptoms (assessed shortly before the start of the AA
study phase) as Level 2 predictors in the model. We controlled for
both mean negative emotions and depressive symptoms to align
our analyses with Starr et al.’s (2020) analyses.

Making use of a recently proposed framework to study
momentary emotion differentiation at the level of measurement
occasions (Erbas et al., 2021), we additionally set out to explore
within-person (i.e., in our case, daily) fluctuations in NED. More
specifically, we calculated Erbas et al.’s (2021) novel momentary
index of NED and analyzed whether the stress buffering effect of
person-level NED translates to day-level NED (i.e., whether stress
reactivity would be lower on days on which an individual’s NED
is higher than usual). Moreover, as a first step toward elucidating
a potential mechanism through which NED might exert a stress-
buffering function, we additionally explored whether rumination
about emotions would enhance negative responses to daily stress
(i.e., whether daily rumination would act as a Level 1 moderator
of the within-person link between daily stress and calmness in the
evening) and whether lower daily NED would be associated with
more daily rumination about emotions.

MATERIALS AND METHODS

We present the methodological details of our AA study by
following the guidelines by Trull and Ebner-Priemer (2020).

Study Design
The study consisted of an initial online survey and an AA phase
across 21 days with two interval-based assessments per day (one
morning survey and one evening survey). Participants chose a
specific time schedule that best fit their waking hours (6 am/6
pm, 8 am/8 pm, or 10 am/10 pm). Data were collected using
the software SoSci Survey (Leiner, 2020). Links to the daily
surveys were sent via SMS, allowing participants to complete

the surveys online using their own smartphone. Each link
was valid for a certain time period (3 h for the morning
survey, 6 h for the evening survey). During an initial online
survey, participants completed a demographic questionnaire,
COVID-19-related questions, and trait self-report measures. In
the daily evening survey, participants rated their momentary
mood and their experiences during the day (stress, positive and
negative emotions, emotion regulation, worrying, and coping).
In the morning survey, participants rated their momentary
mood, the quality of their sleep from the previous night, and
their expectations for the day. We selected a daily sampling
schedule for experiences such as stress or emotions and a
twice-per-day sampling schedule for momentary mood to fit
the expected temporal variability of the constructs without
overburdening participants.

Procedure
Participants were recruited via mailing lists and social media
platforms (Facebook, Twitter, and Instagram) and encouraged
to inform family members, friends, and colleagues about the
study. To be eligible, participants needed to be 15 years of age
or older, to have access to a laptop, computer, or tablet in order
to take part in the initial online survey, and to have access to
a smartphone in order to participate in the AA phase. The AA
phase spanned the same time period for each participant (April
13, 2020 through May 3, 2020). It began during the first complete
pandemic lockdown due to COVID-19 in Germany (which had
been established approximately 4 weeks prior to our assessment)
when contact restrictions were implemented by the government.
Toward the end of the AA phase, some protective measures were
slowly lifted (e.g., the re-opening of small shops), and face mask
policies were implemented.

All participants were informed about the study procedure
via an information sheet on the registration webpage. They
gave active consent to take part in the study via mouse click.
Participants were reimbursed up to 60 EUR, partially contingent
upon their compliance during the AA phase. The study
procedure was approved by the institutional ethics committee
of the psychology department at the University of Koblenz-
Landau (258_2020).

Participants
Seven hundred seventy-two individuals signed up to participate
in the study. To achieve a more age-heterogeneous sample while
at the same time complying with budgetary constraints on the
total sample size of compensated participants, 311 individuals
who had signed up and were between the ages of 20 and
29 (selected randomly) were not invited to participate. Four
hundred sixty individuals (out of the 461 who were invited) began
answering the initial online survey, of which 381 completed the
entire initial online survey. Again, in the interest of achieving a
more age-heterogeneous sample for the subsequent AA phase,
out of the individuals between the ages of 20 and 25 who had filled
out the online survey, 20 individuals per birth year (randomly
selected from each birth year) were invited to participate in
the AA phase of the study. This resulted in 52 participants
aged 20–25 who were not invited to continue with the study
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and 329 participants who were invited to take part in the
AA phase. Of these, 327 participants provided daily reports.
Participants’ data were included in the statistical analyses if at
least seven morning and seven evening surveys were available
after checks for technical problems and careless responding (see
the Compliance and section “Data Cleaning”). Data from five
participants who did not fulfill this criterion were excluded. For
the present analyses, the data of nine individuals with a negative
ICC score (see section “Measures”) were excluded, leaving a final
sample of 313 participants (74.1% women) between the ages of 15
and 82 (M = 30.1, SD = 14.9).

None of these 313 participants knowingly suffered from
COVID-19 at the time of the initial online survey, but 55
participants (17.6%) reported cases of COVID-19 among their
relatives or in their social environment. The prevalence of
risk factors for severe COVID-19 in our sample was similar
to estimates from a modeling study for Europe (Clark et al.,
2020): 63.9% of participants indicated that they had no increased
risk, 24% reported having one risk factor, and 12.1% reported
having two or more risk factors. When asked for their level of
concern regarding COVID-19 (ranging from 1 = not at all to
7 = very much), participants reported relatively low concerns
about potential job loss (M = 2.72, SD = 1.87) and their individual
financial situation (M = 3.10; SD = 1.88), moderate concerns
about their own health (M = 3.45; SD = 1.68), and relatively
high concerns about the health of their relatives (M = 5.44;
SD = 1.51). These psychological reactions to the pandemic
mirrored observations from representative surveys that were
conducted during the same time period (Betsch et al., 2020).

Measures
Within-Person (Daily) Measures
Daily stress
We measured daily subjective stress in the evening surveys with
the item “How stressed did you feel today?” (Erbas et al., 2018).
The response format was a visual slider that showed verbal
anchors at each end (ranging from not at all to very much). The
slider position selected by the participant was captured on a 101-
point scale, which could be scaled as ranging, for instance, from
0 to 100. To avoid convergence issues in multilevel modeling due
to the scaling of variables, we decided to scale the slider values as
ranging from 0 to 1 in steps of 0.01.

Daily rumination about emotions
We measured daily rumination about emotions in the evening
surveys with the item “I thought over and over again about
my emotions” (Grommisch et al., 2020). Individuals indicated
whether they had ruminated about their emotions during the day
(0/no, 1/yes).

Momentary calmness
In both morning and evening surveys, we assessed momentary
mood with an adapted short version of the Multidimensional
Mood Questionnaire (Eid et al., 1999), which has previously been
used in AA studies (e.g., Lischetzke et al., 2012). Two items
tapped calmness [tense-relaxed, calm-uneasy (reverse-scored)].
Participants indicated how they felt at the moment using a bipolar
visual slider scale that showed verbal anchors at each end (e.g.,

ranging from tense to relaxed). The slider position selected by
the participant was captured on a 101-point scale, which was
scaled as ranging from 0 to 1 in steps of 0.01. We calculated a
mean score across the two items so that a higher score indicated a
calmer mood. The reliability of the scale was estimated separately
for the day level (within-person reliability) and the person level
(between-person reliability) in accordance with Geldhof et al.
(2014). Given that the scale consisted of two items, we calculated
two-level alpha (because omega can only be calculated for at least
three items). For evening (morning) assessments, within-person
alpha was 0.77 (0.75), and between-person alpha was 0.96 (0.97).

Nightly sleep quality
We assessed subjective sleep quality in the morning surveys
with three items [“How well did you sleep last night?” “How
restlessly did you sleep last night?” (reverse-coded), “How easily
did you fall asleep yesterday evening?”] that have been used in
previous research (Åkerstedt et al., 2012; Könen et al., 2015).
The response format was a 5-point Likert scale, ranging from
1 (e.g., very poorly) to 5 (e.g., very well). We calculated a mean
score across the items so that a higher score indicated better sleep
quality. To estimate the scale’s reliability, we calculated two-level
omega (Geldhof et al., 2014). Within-person omega was 0.76, and
between-person omega was 0.84.

Daily negative emotion differentiation
Each evening, participants indicated the intensity with which
they had experienced eight negative emotions (anger, fear,
disappointment, sadness, embarrassment/shame, regret,
boredom, and loneliness) during the day. On the basis of an
appraisal account of the affective space of discrete emotions
(Scherer, 2005), we selected the items to represent negative
emotions that differed on the appraisal dimension of coping
potential/control (low: sadness, loneliness, fear; moderate:
embarrassment/shame, disappointment, regret; high: boredom,
anger). Participants rated the emotions on a visual slider scale
ranging from not at all to very intense. The slider position
selected by the participant was captured on a 101-point scale,
which was scaled as ranging from 0 to 1 in steps of 0.01. If an
emotion was not experienced at all during the day, participants
were asked to set the slider to the far left. Because it may have
been difficult for participants to indicate a value of exactly 0 on
their smartphone touchscreen, we recoded all ratings ≤ 0.05
to 0 (cf. Koval et al., 2015). As an index of daily NED, we used
the momentary index of emotion differentiation proposed by
Erbas et al. (2021). More specifically, we applied the function
calculate_ed from the R package emodiff described in Erbas
et al. (2021) to calculate daily NED scores for each measurement
occasion and each person. Resulting daily NED scores are more
strongly negative when the level of momentary differentiation is
low, and they approach zero when the level of differentiation is
high (for details on the derivation of the momentary index from
the classical between-person ICC index, see Erbas et al., 2021).

Daily mean of negative emotions
The daily negative emotion ratings were also used to compute
an index of daily mean negative emotionality (by calculating the
mean of all negative emotion items).
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Between-Person (Trait) Measures
Depressive symptoms
To measure depressive symptoms, we used the nine-item
depression module from the Patient Health Questionnaire
(Spitzer et al., 1999; Gräfe et al., 2004), which is an instrument
that is widely used to screen for mental disorders. In the initial
online survey, participants rated the frequency of nine depressive
symptoms during the past 2 weeks on a 4-point Likert scale
ranging from 0 (not at all) to 3 (almost every day). We calculated a
sum score across all the items, with higher scores indicating more
depressive symptoms. Omega was 0.83.

Negative emotion differentiation
For each participant, we computed the ICC(3, k) measuring
average consistency between negative emotions across
measurement occasions (e.g., Erbas et al., 2014). Following
previous recommendations (e.g., Kalokerinos et al., 2019; Erbas
et al., 2021), negative ICC values were excluded from the
analyses. This was the case for nine participants. Subsequently,
ICC values were Fisher Z-transformed and reversed (multiplied
by−1) so that higher values represented higher NED.

Mean level of negative emotions
The daily negative emotion ratings were also used to compute an
index of mean negative emotionality experienced across the AA
phase. For each participant, we calculated the mean of all negative
emotion items across all measurement occasions.

Data Cleaning
The 327 participants who completed the AA phase provided a
total of 6,399 morning surveys and 6,519 evening surveys. Due to
technical problems, for some of the assessments, the time window
during which the surveys could be completed was longer than
intended. Three morning surveys that had been completed after
1 p.m. as well as 34 evening surveys that had been completed after
4 a.m. were excluded from the analyses. One morning survey,
which had erroneously been completed twice, was excluded from
the analyses. Moreover, 11 morning and two evening surveys
for which participants terminated their responding before they
completed the first set of items (corresponding to sleep items in
the morning and momentary mood items in the evening) were
excluded from the analyses. To screen for careless responding,
inconsistent responding across reverse-poled (momentary mood)
items and response times were analyzed (Meade and Craig, 2012).
Eighty-one morning and 100 evening surveys were excluded
due to inconsistent responding, and three morning and 282
evening surveys were excluded due to extremely short response
times1. Subsequently, we excluded data from five participants
who completed fewer than seven morning and seven evening

1The response time cutoff values were determined by conducting a pilot AA
study (that contained the same items) in which research assistants were instructed
to complete the morning and evening surveys as quickly as possible without
switching to careless responding. In this pilot study, the fastest response time for
a morning survey was 1.17 s/item, and the fastest response time for an evening
survey was 1.56 s/item (We attributed the shorter response time for the morning
survey to the fact that items in the evening survey included more text, on average,
than items in the morning survey). In the main study, surveys with a response time
below these cutoff values were excluded from the analyses.

surveys, leaving a sample of 6,084 evening surveys and 6,263
morning surveys nested in 322 participants.

Final Sample and Compliance
For the present analyses, the data of nine participants whose ICC
values were negative were excluded (see section “Measures”). This
resulted in a sample of 5,912 evening surveys and 6,095 morning
surveys nested in 313 participants. On average, participants
provided 18.89 (out of 21 possible) evening surveys (SD = 2.83,
Min = 7, Max = 21) and 19.47 (out of 21 possible) morning
surveys (SD = 1.96, Min = 11, Max = 21). For the mediation
analyses in the present paper, we included evening surveys from
Day 1 through Day 20 (n = 5,645 surveys) and merged them with
the morning mood ratings from the same day (i.e., from Day 1
to Day 20; n = 5,303 surveys) as well as with the sleep quality
ratings collected the next morning (i.e., from Day 2 to Day 21;
n = 5,302 surveys). The reason for excluding the data from Day
21 was that the sleep-quality ratings referring to this day were
missing by design. Hence, the analyses in the present paper were
based on a total of 5,645 days nested in 313 individuals.

Sample Size Considerations
According to a simulation study on the power to detect a cross-
level interaction in multilevel modeling (Mathieu et al., 2012), a
combination of 115 Level 2 units and 18 Level 1 units per Level
2 unit yielded a power of larger than 0.80 to detect a medium-
sized cross-level interaction effect. Given that the size of our
sample (313 persons and 18.89 evening assessments per person,
on average) met or exceeded these sample sizes, we deemed our
data set large enough to test our central hypothesis that NED
would be found to moderate the within-person indirect effect of
daily stress on daily sleep quality using a moderated multilevel
(1-1-1) mediation model.

Analytic Strategy
We applied a multilevel structural equation modeling (MSEM)
approach using Bayesian estimation (Asparouhov and Muthén,
2019) with default uninformative priors in Mplus Version
8.5 (Muthén and Muthén, 1998-2020). The advantages of
using Bayesian estimation (as a pragmatic approach) for
multilevel mediation models with multiple random effects
are that latent centering of observed time-varying variables
can be applied (Asparouhov and Muthén, 2019), standardized
parameter estimates (and estimates of level-specific R2) can be
obtained, and a non-symmetric Bayesian credibility interval,
which does not assume normality, can be used to evaluate
the significance of the estimated within-person indirect effect
(Muthén, 2010). To evaluate convergence, we inspected whether
the parameter estimates and the potential scale reduction (PSR)
values (obtained via the Mplus TECH8 output) changed when we
increased the number of iterations to 10,000 (e.g., Zyphur and
Oswald, 2015). With the latent centering method in MSEM, the
observed daily variables Xti, Mti, and Yti (where t represents days
and i represents persons) are decomposed into a within-person
part (XW, MW, and YW) and a between-person part (XB, MB,
and YB).
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To test the within-person effects of daily stress (XW) on
calmness in the evening (MW) and that night’s sleep quality (YW),
we specified a lower level (1-1-1) mediation model (Model 1; see
the Level 1 part of Figure 1) with random slopes for all Level
1 path coefficients (Preacher et al., 2010). Two additional Level
1 variables were included as control variables: To rule out the
possibility that within-person relationships between XW, MW,
and YW were simply due to shared time trends in these variables
across the study period, time (centered at Day 11 and coded
so that the total study time represented a time unit of 1) was
included as a predictor of MW and YW (Note that for simplicity,
time is not depicted as a predictor in Figure 1). Calmness in
the morning was included as a Level 1 (person-mean-centered)
predictor of calmness in the evening so that path ai represented
the within-person relation between daily stress and within-day
change in mood. At the between-person level (Level 2), we
allowed the between-person slopes ai, bi, and ci’ and the between-
person intercepts to correlate freely (Preacher et al., 2016). The
average within-person indirect effect is defined as E(aibi) = ab+
σai,bi , where a is the mean of the random slopes ai, b is the mean
of the random slopes bi, and σai,bi is the covariance between
the random slopes ai and bi (Bauer et al., 2006). We expressed
the average within-person indirect effect as a model constraint
in Mplus and evaluated it on the basis of the estimated (non-
symmetric) 95% Bayesian credibility interval (which uses the
2.5th and 97.5th percentiles of the posterior distribution, thus
allowing for skewness). Note that establishing mediation does not
require the total effect of XW on YW to be significant (MacKinnon
et al., 2000). One reason for this is that the statistical test of the
total effect can have less power than the test of the indirect effect
(Hayes, 2009; MacKinnon and Fairchild, 2009).

In the next step, to test whether the within-person relation
between daily stress (XW) and evening mood (MW) varied as a
function of NED, we extended the model to a first-stage multilevel
conditional process model (Hayes and Rockwood, 2020). That
is, NED was added as a Level 2 predictor of the random slope
term ai (Model 2; see Figure 1). Note that NED was also added
as a predictor of the random intercept term for calmness in the
evening because main effects always have to be included when
testing for a moderator effect. To enhance the interpretation of
the model estimates, NED was grand-mean centered. To probe
the cross-level interaction, we estimated the conditional effect of
XW on MW at high (M+ 1 SD) and low (M – 1 SD) values of NED
as well as the conditional indirect effect of XW on YW through
MW at those values of NED.

To test whether the hypothesized moderator effect of NED
held when we controlled for between-person differences in mean
negative emotions and depressive symptoms, these variables were
added as grand-mean-centered predictors of the random slope
term ai (and as predictors of the random intercept term for
calmness in the evening) at Level 2 (Model 3).

In our supplementary analyses, we explored (a) whether
evidence for a stress buffering of NED could be found when daily
NED (instead of person-level NED) was analyzed (i.e., whether
daily NED would moderate the within-person link between
daily stress and calmness in the evening), and (b) whether this
effect held when daily mean negative emotions were controlled.

To analyze (a), we specified a two-level model in which daily
stress, daily NED, and their interaction predicted calmness in
the evening at Level 1. Following Enders and Tofighi’s (2007)
recommendations, we centered both the continuous variable
(daily NED) and the dichotomous variable (rumination) at the
person mean and subsequently computed the interaction term.
Again, calmness in the morning and time were included as
Level 1 control variables. To analyze (b), we added person-mean
centered daily mean negative emotions as a Level 1 predictor.
Moreover, to examine a potential mechanism through which
NED might exert a stress buffering effect, we explored (c) whether
daily rumination about emotions would moderate the within-
person link between daily stress and calmness in the evening. We
computed the Level 1 interaction term between daily stress and
daily rumination about emotions and set up the model in the
same way as described for the model involving the interaction
between daily stress and daily NED. Finally, we explored (d)
whether lower daily NED would predict a higher probability of
ruminating about emotions, and (e) whether this relation would
hold when daily mean negative emotions were controlled. To do
so, we added daily NED and daily mean negative emotions as
Level 1 predictors of daily rumination to model (c).

RESULTS

Descriptive Statistics
Correlations and descriptive statistics for the day-level and
person-level variables are provided in Tables 1, 2.

Multilevel (1-1-1) Mediation Model
The fixed effects of the multilevel (1-1-1) mediation model
(including time and calmness in the morning as Level 1 control
variables) are displayed in Table 3 (Model 1). The fixed effects of
time represent the average within-person trajectories in evening
mood and sleep quality across the study phase. On average, sleep
quality significantly increased by 0.111 points (on a 1–5 scale)
across the total duration of the study of 3 weeks, which might
be indicative of a small overall effect of participants’ adaptation
to the (first-ever) pandemic lockdown in Germany.

The results supported Hypothesis 1 on the within-person
indirect effect of daily stress (XW) on daily sleep quality (YW)
through calmness in the evening (MW), E(aibi) = −0.063 (see
Model 1, Table 3). As expected, higher daily stress was related
to less calmness in the evening within persons (a = −0.222), and
this effect was moderate in size. Less calmness in the evening in
turn was related to worse sleep quality within persons (b = 0.412),
and this effect was small in size.

Of note, individuals differed significantly in the within-person
relations (as indicated by variance estimates for the random
slope terms whose 95% credibility intervals did not include 0).
To examine the patterns of individual differences in within-
person relations in more detail, we calculated the percentage of
slopes < 0 and the 95% predictive interval for paths ai and bi
(Hox et al., 2018). Assuming a normal distribution of random
slopes, the percentage of slopes < 0 indicates the proportion
of regression slopes that is estimated to be negative, and the
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TABLE 1 | Within- and between-person correlations and descriptive statistics for daily variables.

Variable 1 2 3 4 5 6

1. Calmness in the morning – −0.61*** 0.87*** 0.53*** −0.22*** −0.53***

2. Daily stress −0.17*** – −0.62*** −0.44*** 0.27*** 0.57***

3. Calmness in the evening 0.13*** −0.32*** – 0.52*** −0.25*** −0.63***

4. Nightly sleep quality −0.01 −0.02 0.08*** – −0.19** −0.42***

5. Daily rumination1
−0.05** 0.12*** −0.13*** 0.02 – 0.41***

6. Daily mean neg. emotions −0.11*** 0.35*** −0.36*** −0.04** 0.22*** –

7. Daily NED2 0.02 −0.15*** 0.17*** 0.03* −0.13*** −0.46***

M 0.67 0.41 0.70 3.75 0.38 0.22

SDwithin 0.15 0.23 0.16 0.74 – 0.12

SDbetween 0.16 0.14 0.14 0.47 – 0.12

ICC 0.53 0.28 0.43 0.29 0.49 0.52

Range 0–1 0–1 0–1 1–5 0–1 0–1

NLevel1 = 5,645 days, NLevel2 = 313 persons. Within-person correlations are presented below the diagonal, and between-person correlations are presented above the
diagonal. M, grand mean (i.e., the mean across days and persons); SDwithin, within-person standard deviation; SDbetween, between-person standard deviation; ICC,
intraclass correlation coefficient.
1For the binary variable daily rumination (0/no, 1/yes), the mean represents the average proportion of days on which individuals ruminated about their emotions, and the
intraclass correlation was estimated using Goldstein et al.’s (2002) method D.
2By definition, daily NED (i.e., the momentary differentiation index by Erbas et al., 2021) is a within-person variable. Therefore, the ICC is 0, and only within-person
correlations are depicted. For information on the person-level index of NED, see Table 2. Descriptive statistics for daily NED were M =−2.43, SD = 4.27, Range:−58.29–0.
*p < 0.05; **p < 0.01; ***p < 0.001.

95% predictive interval indicates the range of values between
which 95% of the person-specific regression slopes are estimated
to lie. For path ai, the percentage of slopes < 0 was 92%, and
the 95% predictive interval was (−0.526, 0.082) [corresponding
to standardized estimates of (−0.734, 0.114)]. For path bi, the
percentage of slopes < 0 was 28%, and the 95% predictive
interval was (−1.008, 1.832) [corresponding to standardized
estimates of (−0.223, 0.407)]. That is, for our focal path ai,
whose random slopes represent individual differences in stress
reactivity, this means that a negative link between daily stress and
calmness in the evening was estimated for the large majority of

TABLE 2 | Between-person correlations and descriptive statistics for person-level
variables.

Variable 1 2

Trait variables

1. NED –

2. Depressive symptoms −0.09 –

Daily variables (between-person part)

3. Calmness in the morning 0.13* −0.45***

4. Daily stress −0.11 0.39***

5. Calmness in the evening 0.16** −0.49***

6. Nightly sleep quality 0.09 −0.51***

7. Daily rumination −0.08 0.34***

8. Daily mean negative emotions −0.20*** 0.58***

M 0.36 7.57

SD 0.19 4.85

Range 0.08–1 0–27

N = 313 persons. To aid in interpretability of the mean for NED, we
report the descriptive statistics for the raw scores (i.e., prior to Fisher’s
Z-transformation), reverse scored.
*p < 0.05; **p < 0.01; *** p < 0.001.

individuals—however, the size of this relationship differed greatly
across individuals.

Moderated Multilevel (1-1-1) Mediation
Models (First-Stage Conditional Process
Models)
Next, we entered NED as a Level 2 predictor to the model.
The fixed effects of the moderated multilevel (1-1-1) mediation
model are displayed in Table 3 (Model 2). NED predicted higher
calmness in the evening (main effect of NED on the varying
intercepts), and this corresponded to a small effect size (see
row NED → MB in Table 3). Supporting Hypothesis 2, NED
positively predicted the varying random slopes for the effect
of daily stress on calmness in the evening (see row NED →
ai). The within-person relation between daily stress and less
calmness in the evening was stronger at low (M – 1 SD) NED,
simple slope estimate = −0.261, 95% CI (−0.297, −0.224), than
at high (M + 1 SD) NED, simple slope estimate = −0.189,
95% CI (−0.226, −0.151). Figure 2 illustrates this cross-level
interaction. Additionally, we estimated the conditional within-
person indirect effect of XW on YW through MW at low (M –
1 SD) and high (M + 1 SD) values of NED. This was done by
centering NED at these values of interest and re-running the
model (Hayes and Rockwood, 2020). The estimated indirect effect
then represented the conditional indirect effect when NED was
equal to that specific value of interest. For individuals with low
NED, the estimated within-person indirect effect was significant,
E(aibi) = −0.061, 95% CI (−0.116, −0.014). For individuals
with high NED, the estimated within-person indirect effect was
non-significant, E(aibi) =−0.037, 95% CI (−0.082, 0.007).

Finally, we controlled for mean negative emotions and
depressive symptoms at Level 2 (Model 3). The fixed effects
results for this model can be found in Table 4. Both mean negative
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TABLE 3 | Estimates for (moderated) multilevel (1-1-1) mediation models.

Model 1 Model 2

Coefficients Est. Post. SD One-tailed p 95% CI Stand. est. Est. Post. SD One-tailed p 95% CI Stand. est.

Fixed effects

Time→ MW 0.015 0.008 0.029 (−0.001, 0.032) 0.026 0.015 0.009 0.048 (−0.003, 0.033) 0.026

Time→ YW 0.111 0.043 0.005 (0.021, 0.194) 0.042 0.111 0.042 0.006 (0.025, 0.194) 0.041

CalmMorW → MW 0.067 0.017 <0.001 (0.035, 0.103) 0.061 0.070 0.018 <0.001 (0.033, 0.106) 0.062

XW → MW (a) –0.222 0.014 <0.001 (−0.250, −0.195) –0.301 –0.225 0.013 <0.001 (−0.251, −0.197) –0.303

MW → YW (b) 0.412 0.081 <0.001 (0.254, 0.577) 0.086 0.372 0.085 <0.001 (0.215, 0.546) 0.078

XW → YW (c′) 0.011 0.051 0.427 (−0.100, 0.095) 0.002 −0.011 0.058 0.417 (−0.142, 0.091) −0.004

NED→ ai 0.107 0.041 0.007 (0.021, 0.183) 0.161

NED→ MB 0.039 0.019 0.022 (0.001, 0.077) 0.063

Indirect effect [E(aibi )] –0.063 (−0.109, −0.014) –0.050 (−0.097, −0.004)

Total effect [E(aibi ) + c′] –0.054 (−0.155, 0.033) −0.063 (−0.179, 0.036)

R2 at Level 1

R2 (MW) 0.172 0.173

R2 (YW) 0.055 0.056

R2 at Level 2

R2 (ai ) 0.026

R2 (MB) 0.004

Focal effects of the (moderated) mediation model are bolded. Index W (B) indicates the within- (between-) person part of time-varying variables. The covariance (correlation)
between the random slopes ai and bi was 0.029 (0.269) in Model 1 and 0.033 (0.303) in Model 2. X, Daily stress; M, calmness in the evening; Y, nightly sleep quality;
CalmMor, calmness in the morning; Est., estimate; Stand. Est., standardized estimate; Post. SD, posterior standard deviation; One-tailed p, Bayesian one-tailed p-value;
CI, Bayesian credibility interval.

emotions and depressive symptoms predicted the intercept for
calmness in the evening (see rows NegEmo→ MB and Depr→
MB in Table 4), whereas the main effect of NED on calmness in
the evening (row NED→MB) was no longer different from zero.
The cross-level interaction of NED and daily stress on calmness
in the evening was retained (see row NED → ai). Neither
mean negative emotions nor depressive symptoms moderated the

FIGURE 2 | Simple slopes for the moderator effect of NED on the
within-person relation between daily stress and calmness in the evening.

within-person relation between daily stress and calmness in the
evening (see rows NegEmo→ ai and Depr→ ai)2.

Supplementary Analyses
In our supplementary analyses, we first explored (a) whether
the stress buffering effect that we found for person-level NED
translates to day-level NED (i.e., whether stress reactivity
would be lower on days on which an individual’s momentary
differentiation is higher than usual). In a two-level model
predicting calmness in the evening by daily stress and daily
NED and their interaction (controlling for calmness in the
morning and time), the Level 1 interaction term was significant
[estimate = 0.013, 95% CI (−0.007, 0.022)]. As expected, on
days with higher NED, the stress-calmness link was less negative
[simple slope estimate = −0.143, 95% CI (−0.181, −0.109)] than
on days with lower NED [simple slope estimate = −0.258, 95%
CI (−0.301, −0.220)]. However, when (b) daily negative mean
emotions was added to the model as a Level 1 predictor, the Level
1 interaction term was no longer significant [estimate = 0.002,
95% CI (−0.004, 0.008)].

Additionally, we explored daily rumination as a potential
mechanism through which NED might exert its stress-buffering
effect. In model (c), we analyzed whether daily rumination about

2To explore whether the within-person relation between calmness in the evening
and sleep quality (path bi) varied as a function of NED, we additionally ran
a first- and second-stage multilevel conditional process model in which NED
predicted the random slope terms ai and bi (and the two random intercept terms
for evening mood and sleep quality). NED did not moderate the random slope
term bi (estimate = −0.267, posterior SD = 0.247, one-tailed Bayesian p = 0.138,
95% CI (−0.752, 0.210)], nor did NED predict the intercept term for sleep quality
(estimate = 0.067, posterior SD = 0.080, one-tailed Bayesian p = 0.200, 95% CI
(−0.090, 0.223)].
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emotions moderated the within-person relation between daily
stress and calmness in the evening (controlling for calmness in
the morning and time). A two-level model revealed a significant
Level 1 interaction between daily stress and daily rumination
[estimate = −0.052, 95% CI (−0.109, −0.003)]. On the days on
which individuals ruminated, the negative stress-calmness link
was stronger [estimate = −0.242, 95% CI (−0.277, −0.200)]
than on days on which individuals did not ruminate about their
emotions [estimate = −0.191, 95% CI (−0.225, −0.160)]. In the
next step (model d), we added daily NED to the model as a Level
1 predictor of daily rumination. The regression coefficient for
daily NED was significant [estimate = −0.008, 95% CI (−0.012,
−0.004)]. That is, on days with lower NED, the probability
to ruminate was higher. However, when we added daily mean
negative emotions as an additional Level 1 predictor of daily
rumination (model e), this effect vanished [estimate = −0.002,
95% CI (−0.005,−0.002)].

DISCUSSION

With the current AA study, we aimed to investigate the indirect
within-person effect of perceived daily stress on subjective sleep
quality through calmness in the evening in a community sample
of adults during times of stress (the first pandemic lockdown in
2020). Our main moderator hypothesis represented a conceptual
replication and extension of Starr et al.’s (2017, 2020) findings
on the role of NED in buffering daily stress reactivity. As

expected, higher daily stress was related to within-day change
in calmness from morning to evening, resulting in less calmness
in the evening within persons. Less calmness in the evening, in
turn, was related to poorer nightly sleep quality within persons.
Supporting our main hypothesis, NED moderated the within-
person relation between daily stress and calmness in the evening,
with lower NED predicting a stronger negative link between
daily stress and calmness in the evening. This also meant that
the indirect within-person effect of daily stress on sleep quality
through calmness in the evening was found to be conditional on
an individual’s standing on NED. For low differentiators, daily
stress was negatively linked to sleep quality through calmness in
the evening, whereas for high differentiators, this within-person
indirect effect was non-significant.

Ambulatory assessment studies on within-person processes
linking day-to-day fluctuations in stress to affective states prior to
sleep and to sleep quality that night are still scarce (cf. Tousignant
et al., 2019). Our result that the within-person indirect effect
of daily stress on sleep quality through calmness in the evening
was, on average, negative is consistent with previous research that
found that cognitive and somatic arousal at bedtime mediated
the link between daily stress and subjective sleep quality (Morin
et al., 2003; Winzeler et al., 2014; Tousignant et al., 2019).
Despite variation with respect to the concrete operationalization
of calmness/tense arousal (ratings of mood adjectives in our
study vs. ratings of statements describing cognitive processes and
felt somatic states in the cited studies), the time point that was
referred to (evening vs. bedtime), and the type of assessment that

TABLE 4 | Estimates for moderated multilevel (1-1-1) mediation model including level 2 control variables (Model 3).

Coefficients Estimate Post. SD One-tailed p 95% CI Stand. estimate

Fixed effects

Time→ MW 0.015 0.008 0.034 (−0.002, 0.032) 0.027

Time→ YW 0.117 0.040 0.002 (0.045, 0.197) 0.043

CalmMorW → MW 0.072 0.018 <0.001 (0.038, 0.113) 0.063

XW → MW (a) −0.221 0.014 <0.001 (−0.251, −0.194) −0.299

MW → YW (b) 0.402 0.085 <0.001 (0.223, 0.558) 0.082

XW → YW (c′) 0.006 0.056 0.470 (−0.096, 0.114) −0.004

NED→ ai 0.109 0.042 0.002 (0.028, 0.189) 0.160

NegEmo→ ai 0.077 0.143 0.286 (−0.170, 0.411) 0.045

Depr→ ai −0.005 0.004 0.120 (−0.012, 0.002) −0.107

NED→ MB 0.019 0.018 0.130 (−0.015, 0.054) 0.037

NegEmo→ MB −0.363 0.061 <0.001 (−0.487, −0.246) −0.266

Depr→ MB −0.003 0.001 0.014 (−0.006, 0.000) −0.089

Indirect effect [E(aibi )] −0.065 (−0.114, −0.007)

Total effect [E(aibi ) + c′] −0.056 (−0.164, 0.041)

R2 at Level 1

R2 (MW) 0.172

R2 (YW) 0.060

R2 at Level 2

R2 (ai ) 0.049

R2 (MB) 0.083

Focal effects of the moderated mediation model are bolded. Index W (B) indicates the within- (between-) person part of time-varying variables. The covariance (correlation)
between the random slopes ai and bi was 0.024 (0.215). X, daily stress; M, calmness in the evening; Y, nightly sleep quality; CalmMor, calmness in the morning; NegEmo,
mean negative emotions; Depr, depressive symptoms; Post. SD, posterior standard deviation; One-tailed p, Bayesian one-tailed p-value; CI, Bayesian credibility interval.
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was used (e.g., momentary mood ratings collected in the evening
or before going to sleep vs. retrospective judgments collected in
the morning in Tousignant et al.’s study), the results converged
in showing that more negative affective reactions to daily stress
predicted impaired sleep quality within persons. Calmness in the
evening could be important because falling asleep requires the
inhibition of multiple arousal systems (Szymusiak and McGinty,
2008), and the ease with which a person falls asleep is a crucial
aspect of sleep quality (Åkerstedt et al., 1994, 2012). There is
some empirical evidence suggesting that the relation between
nightly sleep and daily affect may be bidirectional (Konjarski
et al., 2018), potentially resulting in a vicious circle of tense
arousal and disturbed sleep (Garde et al., 2011). In our study, we
decided to analyze nightly sleep quality as an outcome variable
because our focus was on (individual differences in) daily stress
reactivity and its consequences. However, we controlled for daily
“baseline levels” of calmness in our models (by entering calmness
in the morning as an additional predictor of calmness in the
evening) to reduce the possibility that inverse effects of sleep
quality on the next day’s tense arousal would bias our models’
within-person estimates.

At the person level, we found that NED had a small
association with higher calmness across the study period of
3 weeks. When we controlled for mean negative emotions (and
depressive symptoms), this “main effect” of NED on average
calmness vanished. This finding is in line with results from
Dejonckheere et al. (2019), who showed that small relations
between NED and well-being indicators became non-significant
when mean affect was controlled for. Unique explanatory power
of NED over and above reliable trait-like measures of affective
functioning would be expected for outcome variables in which
a considerable amount of variance is due to more complex
temporal dynamics (e.g., Dejonckheere et al., 2019). Thus, the
disappearing predictive utility of NED when mean negative
emotions were controlled might be particularly informative about
the outcome measure: Average calmness across 3 weeks during
an uncertain time (a pandemic lockdown) can be considered as
an indicator of individuals’ dispositional affective functioning.
Moreover, we found that NED was unrelated to depressive
symptoms and average sleep quality. Previous research has
revealed small to moderate negative correlations between NED
and depressive symptoms in healthy populations (Erbas et al.,
2014; Starr et al., 2017, 2020; Dejonckheere et al., 2019). However,
this link may also be mainly due to the variance that both NED
and depressive symptoms share with mean negative emotions
(Dejonckheere et al., 2019). Taken together, our non-significant
“main effects” of NED at the person level underscore the need
to scrutinize within-person regulatory processes more closely
because “it is possible that unique associations between affect
dynamics and psychological well-being exist, but that current
research practices leave it undisclosed” (Dejonckheere et al.,
2019, p. 486).

The results of our moderated multilevel (1-1-1)
mediation analysis conceptually replicated and extended
Starr et al.’s (2017, 2020) findings on the stress-buffering effect
of NED. In a community sample of adults, and using calm
mood (instead of depressive mood) as an indicator of stress

reactivity, we found evidence for the expected moderating
effect of NED on the within-person relation between daily
stress and calmness. Importantly, the stress buffering effect
of NED was not accounted for by individual differences in
mean negative emotions and depressive symptoms. That is,
our results provide additional support for Starr et al.’s (2020)
diathesis-stress model of NED, and hence, for NED as a
protective factor that helps to explain why some individuals
remain more resilient during times of stress than others.
Moreover, our finding that the indirect within-person effect
of daily stress on nightly sleep quality via calmness in the
evening was negative for low differentiators and not significantly
different from zero for high differentiators hints at within-person
processes through which NED might confer health-related
benefits during times of stress. Finally, it is important to
note that the cross-level interaction between NED and daily
stress could also be interpreted to demonstrate that the
predictive power of NED is limited to specific situational
conditions: In line with theoretical reasoning (Kashdan
et al., 2015; O’Toole et al., 2020) and previous empirical
evidence (Ottenstein and Lischetzke, 2020), high (vs. low)
NED was most beneficial on stressful days that presented a
challenge to a person’s well-being—that is, when the need for
regulation was greatest.

In our supplemental analyses, we additionally scrutinized
whether the stress buffering effect of person-level NED could
also be found for within-person fluctuations in NED. When
applying the recently proposed momentary index of emotion
differentiation (Erbas et al., 2021) to our data, we found that
daily NED moderated the within-person stress-calmness link,
and the form of this Level 1 interaction was similar to the
form of the cross-level interaction. However, in contrast to the
person level, where the stress buffering effect of NED held
beyond mean negative emotions (and depressive symptoms),
the moderator effect of daily NED was not significant after
controlling for daily mean negative emotions. One reason for
this might be that the shared variance between NED and
mean negative emotions was smaller at the between-person
level (r = −0.20) than at the within-person level (r = −0.46).
A moderate to high negative correlation between the momentary
index of NED and the mean negative emotion scores at each
occasion is expected to occur if the mean emotion scores
are right-skewed (see Erbas et al., 2021), which is typical
for negative emotions and was also the case in our study.
Another aim of our supplementary analyses was to explore
whether a reduced tendency to ruminate about emotions might
represent a potential mechanism through which NED exerts
its stress-buffering effect. In line with previous findings on the
deleterious effect of daily rumination on affect (e.g., Puterman
et al., 2010; Catalino et al., 2017), the within-person link
between daily stress and calmness in the evening was more
negative on days on which individuals ruminated about their
emotions. Lower daily NED predicted a higher tendency to
ruminate about emotions, thus providing support for a strategy
selection effect of NED (Kalokerinos et al., 2019). However, the
association with daily rumination was not unique for daily NED
because the predictive power of NED disappeared when we
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controlled for daily mean negative emotions. Given the novelty
of the momentary index of emotion differentiation, more
research is needed on the conditions under which it shows
predictive utility beyond mean affect. This might include
assessment-related aspects such as the selection of emotions
(which differ in the frequency and intensity with which they
are experienced in daily life), design-related aspects such as
the degree of variability in situational context individuals are
in during the study phase, or substantive aspects such as
outcome variables that refer to different points in the affect
regulation process.

Limitations
Our measure of daily stress was a retrospective measure collected
in the evening. Retrospective end-of-day measures have been
shown to converge strongly with aggregated momentary ratings
within persons (Neubauer et al., 2020). Nonetheless, participants’
daily stress ratings might have been affected by their momentary
mood when completing the end-of-day assessment. To control
for potential effects of day-to-day fluctuations in mood on the
perception of daily stress, we assessed calmness in the morning
and included it as a control variable in our analyses. Still, we
cannot fully rule out an effect of momentary mood in the evening
on the daily stress rating. Therefore, more research is needed to
scrutinize whether an alternative way to measure daily stress (for
instance, by assessing momentary stress multiple times during
the day instead of retrospectively in the evening) would yield
similar findings.

Although our study is one of only a few studies to
date that have examined the predictive utility of NED with
respect to individual differences in within-person regulatory
processes, it remains unclear whether the stress-buffering effect
of NED translates into longer term resilience against adversity.
Future research could use multiple intensive assessment phases
separated by longer time intervals (i.e., measurement burst
designs) to study both short- and longer-term outcomes.

Despite rates of individual COVID-19-related risk factors that
were comparable to those in the general population in Europe
(Clark et al., 2020) and psychological reactions to the pandemic
that were similar to those in the general German population
during the first lockdown in 2020 (Betsch et al., 2020), our
community sample was not representative in other respects:
women between the ages of 20 and 29 were overrepresented.
Therefore, the results might not be generalizable beyond a female,
young adult population.

Conclusion
The present study adds to the growing literature on the role of
individual differences in NED in within-person affect regulation
processes. Our findings support the notion that higher NED
buffers daily stress reactivity and thereby attenuates the negative
indirect effect of daily stress on nightly sleep quality. The unique
predictive utility of NED (beyond mean negative emotions and
depression) was found for the prediction of individual differences
in these within-person regulatory processes but not for the
prediction of individual differences in mean levels of well-being
indicators (e.g., average calm mood or average sleep quality).
This discrepancy underscores the need for more process-oriented
research to investigate the specific benefits that the ability to
differentiate discrete negative emotions might confer.
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