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Negative emotion differentiation (NED) is frequently assessed using momentary emotion 
ratings in ambulatory assessment studies. However, researchers differ in how they 
preprocess data in studies on NED, and this variation may affect empirical findings. The 
present research scrutinized whether decisions in NED data processing affect the 
robustness of NED’s relationships with adaptive outcomes using multiverse 
analysis—that is, conducting the analysis of interest across all reasonable combinations 
of methodological decisions. We included decisions on the compliance threshold for 
exclusion, the inclusion of occasions, and how the NED index was calculated. The 
analyses of interest were the bivariate between-person correlation between NED and 
depression and, using multilevel analysis, the buffering effect of NED on daily stress 
reactivity. For both analyses of interest, separate multiverse analyses were conducted on 
three ambulatory assessment data sets (163 to 406 participants, 11,876 to 21,552 
occasions) collected in Germany between 2020 and 2024. The results indicated that the 
bivariate between-person correlation between NED and depression was not robust in any 
of the data sets. The buffering effect of NED on daily stress reactivity was robust in one 
data set. The impact of specific decisions varied across data sets and analyses of interest. 
With the exception of one decision, each decision was identified as the most influential 
in at least one multiverse analysis. However, there was no systematic overall pattern in 
how the decisions affected the outcomes. The results of the multiverse analyses highlight 
the importance of research transparency and careful data preparation, as methodological 
decisions may affect empirical findings on NED. Whether the results generalize to other 
analyses of interest and to more diverse or non-German samples remains to be 
determined. 

Emotion differentiation (also labeled emotional granu
larity) describes the extent to which individuals distinguish 
between like-valence emotional states in a fine-grained 
manner (Feldman Barrett et al., 2001; Kashdan et al., 2015). 
Individuals with high emotion differentiation tend to use 
discrete emotions terms such as “angry” or “sad” in a situa
tion-specific way. In contrast, individuals with low emotion 
differentiation tend to report similar levels of those emo
tions across situations, indicating that they use emotion 
terms in a less context-sensitive and more interchangeable 
manner (Erbas et al., 2019; Lischetzke et al., 2021). In par
ticular, distinguishing between negative emotions (nega
tive emotion differentiation; NED) is considered beneficial for 
psychological well-being (Kashdan et al., 2015), and studies 
have provided evidence for small to moderate associations 

between higher NED and adaptive outcomes in non-clini
cal samples (e.g., lower levels of depressive symptoms, Er
bas et al., 2014, 2019; Starr et al., 2017, 2020; Willroth et 
al., 2020; reduced stress reactivity, Lischetzke et al., 2021; 
Nook et al., 2021; Starr et al., 2017, 2020; higher behavioral 
adaptation, O’Toole et al., 2020; lower enactment of mal
adaptive behaviors, Seah & Coifman, 2022). 
NED is typically measured through intensive longitudi

nal designs (ambulatory assessment [AA]) in which partic
ipants repeatedly rate their momentary emotional experi
ence using a fixed set of emotion items. Individuals with 
higher NED tend to use emotion terms in a more discern
ing manner, resulting in more independent ratings of dif
ferent emotions over time and, consequently, lower covari
ation among emotion ratings. In contrast, individuals with 
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lower NED tend to rate their emotional experiences more 
uniformly such that changes in one emotion co-occur with 
changes in others (e.g., feeling anxious and depressed), re
sulting in higher covariation among emotion ratings (Feld
man Barrett et al., 2001; Schreuder et al., 2022). This co
variation is typically quantified separately for each 
participant by calculating the intraclass correlation (ICC) 
between the ratings of momentary emotions across mea
surement occasions (Thompson, Springstein, et al., 2021). 
Originally developed to assess rater reliability, where k 
raters rate n targets (Shrout & Fleiss, 1979), the ICC has 
been adopted for NED research, in which each participant 
provides k emotion ratings across n measurement occasions 
(Ottenstein & Lischetzke, 2020). Higher ICCs reflect greater 
covariation of emotion ratings across time and, thus, lower 
NED, whereas lower ICCs indicate more distinct emotion 
ratings across time and higher NED. Accordingly, ICCs are 
inverted so that higher values represent greater NED 
(Thompson, Springstein, et al., 2021). 
Because emotion items are typically selected based on 

theoretical considerations rather than sampled randomly 
from a broader universe of items, NED research commonly 
relies on a two-way mixed-effects model (ICC [3]), which 
treats the included emotion items as fixed and does not aim 
to generalize beyond them (Ottenstein & Lischetzke, 2020). 
Although the average inter-item correlation represents an 
alternative index of NED, this approach is less commonly 
used (Thompson, Springstein, et al., 2021). Accordingly, the 
present research focuses exclusively on ICC-based indices. 
As highlighted in the review by Thompson, Springstein, 

and Boden (2021), researchers seeking to quantify individ
ual differences in NED must make several methodological 
decisions, such as the specific calculation method of the 
ICC, and whether and how to apply inclusion criteria. Em
pirical studies differ in the way these issues have been ad
dressed, raising the question of whether and how these 
methodological decisions affect empirical findings on NED. 
The aim of the present research was to scrutinize the ro
bustness of the relationship between NED and adaptive 
outcomes (lower depression1, reduced momentary stress re
activity) by applying a multiverse analysis that considers all 
reasonable data processing decisions (Steegen et al., 2016). 
To this end, we analyzed data from three AA studies that 
measured depression and assessed participants’ emotional 
states and stress reactivity in everyday life. In the remain
der of the introduction, we will first provide the theoretical 
and empirical background for our analyses of interest re
garding the adaptive value of NED. Second, we will elabo
rate on the use of multiverse analysis, and third, we will de
scribe the identified reasonable methodological decisions 
in NED research that, in combination, form the multiverse 
of data sets to be analyzed. 

The Present Analyses of Interest on NED’s        
Adaptive Value   

Negative emotions provide critical information about a 
situation, potential causes of distressing feelings, and pos
sible behavioral responses (Schwarz, 2012). Theory and em
pirical research suggest that discerning one’s negative emo
tions in a more differentiated manner facilitates effective 
emotion regulation (Feldman Barrett et al., 2001; Kalokeri
nos et al., 2019; Kashdan et al., 2015). Among the adaptive 
outcomes that high NED is believed to confer through this 
process are lower depression (Eckland et al., 2022; Starr et 
al., 2017, 2020; Willroth et al., 2020) and reduced reactiv
ity to daily stress (Starr et al., 2017, 2020). Meta-analyses 
on the association between NED and indices of behavioral 
adaptation (O’Toole et al., 2020; Seah & Coifman, 2022) 
support the idea that experiencing negative emotions, such 
as embarrassment or sadness, in a more granular way helps 
individuals resort less to maladaptive regulation strategies, 
such as aggression or binge drinking (Kashdan et al., 2015). 
Thus, higher NED should promote daily well-being and, 
over time, prevent or reduce depressive symptoms. In situ
ations perceived as overwhelming or taxing (i.e., stress ex
posure), individuals with high NED should be better able to 
identify the specific emotions triggered by stressors, such 
as feeling “anxious” versus “irritated” or “disappointed.” 
This detailed emotional awareness should facilitate a more 
targeted and effective coping response (Starr et al., 2020). 
Consequently, those with higher NED should be less likely 
to experience strong or prolonged stress responses (ulti
mately supporting better mental health outcomes, such as 
lower depressive symptoms). 
Several studies of non-clinical samples have tested 

whether higher NED is related to lower depressive symp
toms (Eckland et al., 2022; Erbas et al., 2014, 2019; Lennarz 
et al., 2018; Lischetzke et al., 2021; Liu et al., 2020; Matt 
et al., 2016; Starr et al., 2017, 2020; Williams & Uliaszek, 
2022; Willroth et al., 2020). Most findings supported a small 
to moderate negative correlation between NED and depres
sion, with a few exceptions (Eckland et al., 2022, Sample 2; 
Lennarz et al., 2018; Lischetzke et al., 2021; Liu et al., 2020, 
depression at follow-up; Matt et al., 2016). This association 
held when controlling for mean emotion intensity levels 
(Starr et al., 2020; Willroth et al., 2020). Thus, in our multi
verse analyses, we examined the bivariate relationship be
tween NED and depression as the first analysis of interest, 
anticipating a small to moderate correlation. 
The association between NED and momentary or daily 

stress reactivity has been tested in five AA studies (Lischet
zke et al., 2021; Nook et al., 2021; Starr et al., 2017, Study 
1 and Study 2; Starr et al., 2020) using a multilevel ap
proach to operationalize individual differences in reactiv
ity to momentary/daily stress. In the studies by Starr and 

Throughout the manuscript, we use “depression” to refer to a continuous symptom dimension rather than a categorical diagnosis of ma
jor depressive disorder. 
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colleagues, NED attenuated the positive within-person re
lation between momentary negative experiences and mo
mentary depressed mood in a sample of veterans (Starr et 
al., 2017, Study 2) and the positive within-person relation 
between daily hassles and daily depressive symptoms in a 
community sample of adolescents (Starr et al., 2020), but 
not in undergraduates (Starr et al., 2017, Study 1). The re
sults of the significant cross-level interactions remained 
unchanged when controlling for mean emotion intensity. 
Nook et al. (2021) found that NED (measured via responses 
to standardized stimuli) buffered the positive within-per
son relationship between momentary stress and momen
tary depressed, but not anxious, affect in a sample of female 
adolescents, even when controlling for the mean negative 
affect intensity across stimuli. In a community sample (Lis
chetzke et al., 2021), individuals with higher NED showed a 
weaker within-person link between higher daily stress and 
reduced evening calmness than those with lower NED, and 
again this cross-level interaction between NED and stress 
held when controlling for mean emotion intensity. In our 
multiverse analyses, as our second analysis of interest, we 
examined the relation between NED and individual dif
ferences in momentary stress reactivity using a multilevel 
model (i.e., we tested the cross-level interaction between 
NED and momentary stress on calm vs. tense mood). We 
expected that individuals with higher NED would show a 
less negative within-person relationship between momen
tary stress and momentary calmness. 

The Multiverse Analysis Approach and Its       
Rationale  

Even when researchers are given an identical data set 
and research question, differences in how they prepare and 
analyze the data can produce different results (Silberzahn 
et al., 2018). This flexibility, known as researcher degrees 
of freedom, can introduce the risk of inflated α-error and 
biased conclusions, as researchers might—intentionally or 
unintentionally—make choices that yield more favorable 
results (Simmons et al., 2011). To mitigate this, researchers 
may commit to a single, well-considered data processing 
approach, often through preregistration. However, even 
with preregistration, the resulting data set represents only 
one version (“universe”) of many possible within a “multi
verse”, and results may vary across this multiverse (Stee
gen et al., 2016). To assess the robustness of empirical find
ings across methodological decisions, multiverse analysis 
has been proposed as a valuable tool. It involves identifying 
all methodological decisions and their reasonable options, 
generating the valid combinations of these (while exclud

ing inconsistent or redundant ones), and “performing the 
analysis of interest across the whole set of data sets that 
arise from different reasonable choices for data processing” 
(Steegen et al., 2016, p. 703). Results are then reported for 
all universes and summarized using, for example, an out
come curve that plots all universes on the x-axis and their 
outcome values on the y-axis (Hall et al., 2022) to map the 
distribution of estimates and identify influential decisions 
(Simonsohn et al., 2020). Stable results across the multi
verse are considered robust (Hall et al., 2022). 

Methodological Decisions in NED Research      

In NED research, several methodological decisions have 
to be made that pertain either to the treatment of intensive 
longitudinal data or to specific choices in the calculation of 
the ICC. The decisions were identified by reviewing the NED 
literature and noting those that were frequently described 
yet handled differently across studies. Most of these have 
been previously outlined in a literature review by Thomp
son, Springstein, and Boden (2021). Below, we describe 
each decision and its options (for an overview, see Table 1). 
Importantly, we include in the multiverse only those deci
sions that are central to the estimation of NED itself—that 
is, decisions that directly influence the derived NED in
dices. Other methodological choices that researchers must 
make—such as selecting an appropriate modeling approach 
for their research question—are beyond the scope of the 
present multiverse analysis.2 

Compliance Threshold (Inclusion of Participants)      

In intensive longitudinal research on NED, it is argued 
that a sufficient number of measurement occasions is es
sential for a reliable NED index (e.g., Erbas et al., 2018; 
Willroth et al., 2020), but studies differ in the number of oc
casions used to assess NED (Thompson, Springstein, et al., 
2021). Consequently, participants are often excluded due 
to low compliance (i.e., the number of completed prompts 
relative to all scheduled prompts; Weermeijer et al., 2022), 
but the minimum compliance threshold is somewhat arbi
trary. Previous studies have varied from no applied thresh
old (with individuals’ actual compliance rates between 20% 
and 100%; Liu et al., 2020) to a 60% threshold (Erbas et al., 
2018). A recent multiverse analysis examined compliance 
thresholds from 0% to 50% (Weermeijer et al., 2022). How
ever, this study did not consider more conservative thresh
olds or focus on NED. To cover a broad range of compliance 
thresholds while ensuring the interpretation of the multi
verse analysis remained manageable, we applied four com
pliance thresholds: 12.5%, 25%, 50%, and 75%. We included 

In our preregistration, we included a decision to vary the emotion item set used to calculate NED based on the empirical mean intensity 
of emotions. This approach was motivated by prior work highlighting item selection as a critical decision in NED research (Thompson, 
Springstein, et al., 2021). However, when incorporating three data sets in the present research, this method resulted in inconsistent clas
sifications of emotion terms (e.g., fear was classified as a high-intensity emotion in Study 1, but as a low-intensity emotion in Study 2). 
In the absence of German affective norms applicable to all emotion terms used across the three studies, we ultimately omitted this deci
sion from the final analyses. 
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Table 1. Overview of the Decisions and their Corresponding Options in the Multiverse Analyses             

Option Nr. Option 

Decision 1: Compliance threshold (inclusion of participants) 

1 At least 12.5% of occasions completed 

2 At least 25% of occasions completed 

3 At least 50% of occasions completed 

4 At least 75% of occasions completed 

Decision 2: Inclusion of measurement occasions 

1 All (valid) occasions 

2 Only occasions at which at least one negative emotion was experienced 

Decision 3: ICC measurement unit 

1 Single measurements: ICC (3, 1) 

2 Average of k measurements: ICC (3, k) 

Decision 4: ICC agreement type 

1 Consistency 

2 Absolute agreement 

Decision 5: Treatment of negative ICCs 

1 Exclusion of negative ICCs 

2 Setting negative ICCs to zero 

3 Inclusion of negative ICCs as they are 

Decision 6: Transformation of ICCs 

1 No transformation of ICCs 

2 Fisher’s Z-transformation of ICCs 

Total number of combinations: 192 

Note. Decision 1 resulted in the following absolute values: 10, 21, 42, 63 occasions (Study 1); 3, 5, 10, 15 days (Study 2), and 14, 28, 56, 84 occasions (Study 3). The total number of 
combinations is the product of the number of options in the crossed decisions. The decision on the inclusion of measurement occasions was not preregistered, but resulted from the 
observation that negative emotions were experienced in only 22% of the measurement occasions in Study 1. ICC = intraclass correlation. 

75% as a higher threshold due to generally high compli
ance rates in AA studies offering monetary incentives (Ot
tenstein & Werner, 2022). 

Inclusion of Measurement Occasions     

The ICC is typically calculated across all measurement 
occasions for each participant. However, when participants 
repeatedly rate the momentary intensity of discrete emo
tions such as anger or embarrassment—affective states 
which have an onset, a certain duration, and may be absent 
at times (Frijda, 1993; Lischetzke & Könen, 2022)—the 
question arises as how to handle occasions at which no 
negative emotions are experienced. In a study measuring 
NED through responses to standardized stimuli, Nook et al. 
(2018) excluded participants who did not report experienc
ing emotions in at least 50% of the trials. This exclusion 
ensured that the NED index was representative of instances 
where negative emotions required differentiation. This ra
tionale also applies to the exclusion at the level of individ
ual measurement occasions rather than entire participants. 
Thus, in our multiverse analysis, we explored the decision 

to calculate the ICC either across all measurement occa
sions, regardless of the presence of negative emotions, or 
only for occasions at which at least one negative emotion 
was experienced (occasions with negative emotions).3 

ICC Measurement Unit    

The calculation of the ICC involves partitioning the vari
ance in emotion ratings into three components: variance 
due to differences between occasions, variance due to dif
ferences between emotions, and residual variance (Field, 
2005; Schreuder et al., 2022). Different ICC specifications 
correspond to different formulae, which determine how 
these variance components are treated in the calculation of 
the ICC (McGraw & Wong, 1996; Shrout & Fleiss, 1979). 
The decision regarding the unit of measurement con

cerns whether the ICC (3) is computed based on single mea
surements (ICC [3, 1]) or on the average of k measurements 
(ICC [3, k]). The unit of measurement refers to the type of 
emotion ratings entered into the calculation (rather than to 
measurement occasions). Specifically, the emotion ratings 
either represent individual item scores or scores aggregated 

This decision in the multiverse analysis was not preregistered. It was added to address the observation that only at 22% of the measure
ment occasions in Study 1 at least one negative emotion was reported. 
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across multiple items (e.g., emotion terms averaged within 
a broader emotion category). Conceptually, ICC (3, 1) is ap
propriate when using individual item scores, whereas ICC 
(3, k) is appropriate when using averaged scores across mul
tiple items (Field, 2005; McGraw & Wong, 1996). Computa
tionally, ICC (3, 1) includes residual variance in the denom
inator, while ICC (3, k) excludes this component, typically 
resulting in higher ICC estimates (Koo & Li, 2016). Conse
quently, this choice can influence NED scores. While some 
researchers used single measurements (e.g., Ottenstein & 
Lischetzke, 2020, Study 2), others have reported using the 
average of k measurements (e.g., Hoemann et al., 2023). 
However, this information is often not explicitly reported. 
We therefore include both approaches in our multiverse 
analysis. 

ICC Agreement Type    

Another decision researchers have to make is whether 
to compute ICCs as indices of absolute agreement or con
sistency (McGraw & Wong, 1996; Shrout & Fleiss, 1979). 
The absolute agreement ICC assesses whether emotion rat
ings are identical in their absolute value (i.e., equivalence). 
Computationally, the absolute agreement ICC incorporates 
variance attributable to systematic differences between 
emotions into the denominator. As a result, the absolute 
agreement ICC is affected by the absolute momentary emo
tion intensity, and considers emotions to be differentiated 
if their absolute values differ (Schreuder et al., 2022). In 
contrast, the consistency ICC excludes variance attributable 
to systematic differences between emotions from the de
nominator (Field, 2005). It therefore reflects the extent to 
which momentary emotion ratings covary over time (i.e., 
relative agreement). Under this specification, emotions are 
considered to be differentiated when they change indepen
dently over time (Schreuder et al., 2022). 
Both types of ICCs are often highly correlated (Erbas et 

al., 2014; Lazarus & Fisher, 2021), but consistency ICCs 
tend to be larger than absolute agreement ICCs (Koo & Li, 
2016), which may affect findings in NED research. Since 
only correlations between emotions are deemed relevant 
for NED (Feldman Barrett et al., 2001), consistency should 
be preferred (Erbas et al., 2014; Ottenstein & Lischetzke, 
2020). However, absolute agreement has been applied in 
previous studies (e.g., Eckland et al., 2022; Mikhail et al., 
2020; Nook et al., 2018; Willroth et al., 2020), so both op
tions were included in our multiverse analysis. 

Treatment of Negative ICCs     

Although the ICC theoretically lies between 0 and 1 (Koo 
& Li, 2016), negative values can occur empirically (Gi
raudeau, 1996). Negative ICCs may result from random er
ror or measurement issues, such as a lack of variability 
in emotion ratings (Erbas et al., 2019; Schreuder et al., 
2022). However, they may also reflect a high level of emo
tion differentiation (Erbas et al., 2019; Thompson, Liu, et 
al., 2021). For instance, Thompson, Liu, et al. (2021) found 
that participants with negative ICC values exhibited similar 
response patterns as those with positive ICC values close 

to zero (i.e., high differentiation). Two common strategies 
have emerged in NED research to handle negative ICCs, 
each aligned with one of these interpretations (Thompson, 
Springstein, et al., 2021): (1) excluding them from analyses 
(e.g., Erbas et al., 2018; Kalokerinos et al., 2019; Lischetzke 
et al., 2021), as they are considered theoretically impossible 
(Giraudeau, 1996), or (2) setting them to zero (e.g., Hoe
mann et al., 2023; Liu et al., 2020), as they may indicate 
high differentiation (Thompson, Liu, et al., 2021). A third 
approach is to include negative ICCs, recognizing the po
tential validity of these values under certain conditions 
(e.g., Mikhail et al., 2020). Therefore, our multiverse analy
sis incorporated all three options for treating negative ICC 
values: exclusion, setting to zero, and inclusion as they are. 

Transformation of ICCs    

The final decision for NED indices is whether to trans
form the ICCs because they are usually not normally dis
tributed (Erbas et al., 2019). Fisher’s Z-transformation is 
often used to achieve normally distributed indices (e.g., 
Kalokerinos et al., 2019; Lischetzke et al., 2021; Liu et al., 
2020), but some researchers either omit or do not report it. 
Our multiverse analysis included both Fisher’s Z-transfor
mation and no transformation. 

The Present Research    

The present research aimed to examine the robustness 
of empirical findings on the relationship between NED and 
adaptive outcomes (i.e., lower depression, reduced momen
tary stress reactivity) across typical decisions in data pro
cessing. Using a multiverse analysis approach, we investi
gated the robustness of results across 192 universes, which 
represent all possible combinations of six methodological 
decisions. In addition to assessing whether effects were ro
bust across the multiverse, we examined whether particu
lar decisions systematically influenced effect estimates. We 
focused on two analyses of interest: 1) the bivariate cor
relation between NED and depression, and 2) the buffer
ing effect of NED on momentary stress reactivity, opera
tionalized as a cross-level interaction in multilevel models. 
Data were drawn from three AA studies in which partici
pants completed a baseline measure of depression and sub
sequently reported their emotional experiences, stress, and 
mood multiple times per day across 14 to 21 consecutive 
days. Separate multiverse analyses were conducted for each 
analysis of interest within each study. Study 1 was specif
ically designed to address the present research question 
(along with other unrelated research questions). Studies 2 
and 3 were re-analyses of existing AA data sets (Lischet
zke et al., 2021; Schmitt et al., 2024) and served to extend 
the investigation to samples with different design char
acteristics and higher proportions of measurement occa
sions involving negative emotions. Study 2 replicated the 
key variables of Study 1 in a daily diary design (morning 
and evening assessments). Study 3 further extended the 
buffering hypothesis by operationalizing stress reactivity 
via pleasant-unpleasant mood rather than calm-tense 
mood. Impairment in pleasant mood has likewise been 
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identified as an indicator of stress reactivity (Klaperski et 
al., 2013), suggesting that the theoretical rationale for a 
buffering effect of NED should generalize to this opera
tionalization. Key methodological features of the three 
studies are summarized in Table S1 in the Online Supple
ment. 

Method  

The present research draws on data from three AA stud
ies conducted in German samples. Below, we describe only 
those methodological aspects relevant to the present re
search. Study 1 is presented in greater detail, as it was 
specifically designed for the present investigation. A com
prehensive codebook of all variables assessed in Study 1 
is available on OSF (https://osf.io/jdesw/). Studies 2 and 3 
are summarized more briefly (for a detailed description of 
Study 2, see Lischetzke et al., 2021; for Study 3, see Schmitt 
et al., 2024). Participants in these studies provided consent 
for the re-use of their data beyond the original research 
purposes. 

Participants and Procedure    

Study 1   

Participants were recruited through advertisements (at 
the university, doctors’ offices, and shops), social media, 
email distribution lists, and a press release. They had to 
be at least 18 years old and have a smartphone (Android 
or iOS). After registration, participants received detailed 
study and data protection information and provided in
formed consent before completing a 10-minute baseline 
questionnaire assessing depression. 
The subsequent 21-day AA phase included four prompts 

per day. Participants chose between an early and a late 
schedule. In the early (late) schedule, prompts were sent 
at 9:00 a.m. (10:30 a.m.), 12:00 p.m. (2:00 p.m.), 4:30 p.m. 
(5:30 p.m.), and 9:00 p.m. (10:30 p.m.), expiring after 65 
minutes. The prompts took about three minutes each, and 
assessed momentary mood, stress, and emotional experi
ence. To address an unrelated research question, partici
pants were randomly assigned to one of two experimental 
groups that differed in the response format (Likert scales 
vs. slider scales) for selected AA items. Of these items, 
only the calm-tense mood measure was relevant to the pre
sent research (i.e., the test of the buffering effect of NED 
on stress reactivity). Because it was unclear at the time 
of preregistration whether the two mood measures were 
psychometrically equivalent, we treated the two groups as 
separate samples. To remain consistent with this analytic 
strategy, we preregistered and retained this separation in 
the analyses examining the bivariate correlation between 
NED and depression. 
After the AA phase, participants completed a 10-minute 

final online questionnaire. Data were collected using 
LimeSurvey (LimeSurvey GmbH, 2022) and SEMA³ (for the 
AA data; O’Brien et al., 2024) between April 2023 and Feb
ruary 2024. Compensation was based on AA compliance 
(additional to the online surveys): Participants earned €15 

(€40) for at least 50% (80%) compliance. Psychology stu
dents could receive course credit instead. All participants 
were offered individualized feedback on their AA responses. 
The study was approved by the ethics committee of the 
Department of Psychology at the RPTU University Kaiser
slautern-Landau (approval number LEK-439). 
The final sample comprised 406 participants (318 fe

male, 4 non-binary) with a mean age of 27.39 years (SD = 
9.20, Range = 18-68), who provided 21,552 valid occasions. 
At 4,737 occasions (22%), participants reported experienc
ing at least one negative emotion, corresponding to an av
erage of 11.67 such occasions per participant (SD = 12.27, 
Range = 0-76). Descriptive statistics for the two experimen
tal groups are provided in Table S2 in the Online Supple
ment. 

Study 2   

Study 2 consisted of a baseline online survey assessing 
depression followed by a 21-day AA phase with two daily 
surveys: a morning survey assessing momentary mood and 
an evening survey assessing momentary mood, daily stress, 
and emotional experience. Data were collected in 2020. The 
final sample included 327 participants (243 women, mean 
age = 29.90 years, SD = 14.90, Range = 15-82) with a mean 
compliance of 18.58 days (SD = 3.20, Range = 1-21) out of 
21 study days. In total, participants provided 11,876 valid 
measurement occasions, of which 5,920 were evening sur
veys. At least one negative emotion was reported in 5,755 
evening surveys (97.2%). On average, participants reported 
at least one negative emotion on 17.6 days (SD = 3.55, Range 
= 1-21). 

Study 3   

Study 3 consisted of a baseline online questionnaire as
sessing depression followed by a 14-day AA phase with 
eight prompts per day (112 planned occasions) assessing 
mood, stress, and negative emotion intensity. Data were 
collected in 2021. The final sample included 163 partici
pants (128 female, 3 non-binary; mean age = 30.87 years, 
SD = 9.21, Range = 19-64), who provided 12,400 valid mea
surement occasions. On average, participants completed 
76.71 occasions (SD = 29.61, Range = 1-111). At least one 
negative emotion was reported at 12,122 occasions (97.8%), 
corresponding to an average of 74.37 such occasions per 
participant (SD = 29.08, Range = 1-111). 

Measures  

Within-Person (Momentary) Measures    

Momentary Stress.  In Study 1, momentary stress was 
assessed using a single item (similar to Erbas et al., 2018) 
with a unipolar 5-point Likert scale ranging from 1 (not 
stressed at all) to 5 (very stressed). It read, “How stressed 
have you felt since you got up?” at the first prompt per day 
and “How stressed have you felt since you completed the 
last survey?” at subsequent prompts. In Study 2, daily stress 
was assessed retrospectively in the evening survey using a 
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single item on a slider scale (0 = not at all to 100 = very 
much). In Study 3, momentary stress over the past hour was 
assessed with a single item on a 101-point slider scale from 
0 (not at all) to 100 (very much). 
Momentary Mood.  In all studies, momentary mood was 

assessed with an adapted short version of the Multidimen
sional Mood Questionnaire (Steyer et al., 1997). In Studies 
1 and 2, calm-tense mood was measured using two bipolar 
items (tense–relaxed, calm–restless [reverse-poled]) with the 
word pairs as verbal anchors. In Study 1, response format 
depended on experimental group (5-point Likert vs. 
101-point slider scale). In Study 2, both items were rated 
on a 101-point slider scale. In Study 3, pleasant-unpleasant 
mood was assessed using four bipolar items (unwell-well, 
bad-good, unsatisfied-satisfied, unhappy-happy) on a 
101-point slider scale with verbal labels on each pole. 
Mood items were averaged per occasion so that higher 

scores represented higher momentary calmness (Studies 1 
and 2) or more pleasant mood (Study 3). Within-person re
liability estimates (Lai, 2021) were α = .76 (Likert scales 
group) and α = .75 (slider scales group) in Study 1, α = .76 
in Study 2, and ω = .92 in Study 3. 
Momentary Negative Emotion Intensity.    In Study 1, 

participants first indicated whether they had experienced 
any negative emotion since getting up (first prompt of the 
day) or since the last prompt. If so, they rated the intensity 
of 10 discrete negative emotions (fear, anger, frustration, 
sadness, embarrassment, envy, remorse, disgust, pity, con
tempt) using a 5-point Likert scale (0 = not at all, 1 = very 
weak, 2 = rather weak, 3 = rather strong, 4 = very strong). The 
items were derived from the German version of the Geneva 
Emotion Wheel (Sacharin et al., 2012). 
In Study 2, participants rated the daily intensity of eight 

negative emotions (anger, boredom, disappointment, em
barrassment/shame, fear, loneliness, regret, sadness) in the 
evening survey on a slider scale (0 = not at all, 100 = very in
tense). 
In Study 3, negative emotion intensity during the past 

hour was assessed at each prompt using 15 individual emo
tion terms, each presented in a separate item and rated sep
arately on a 101-point slider scale (0 = not at all, 100 = very 
much). The items reflected five broader emotion categories 
(anger: angry, irritated, annoyed; sadness: sad, down
hearted, unhappy; fear: terrified, fearful, worried; shame: 
ashamed, humiliated, disgraced; guilt: guilty, repentant, I 
had a bad conscience)4. These categories were used for con
ceptual organization only and did not affect item presenta
tion. The individual emotion intensity ratings were used to 

calculate the NED index (see Between-Person [Trait] Mea
sures). 

Between-Person (Trait) Measures    

Negative Emotion Differentiation.   In all studies, NED 
was operationalized as the ICC of momentary negative 
emotion intensity ratings across occasions within each par
ticipant. In Study 1, emotion intensity ratings were set to 
zero when participants denied experiencing any negative 
emotion at a given prompt (relevant only for universes in
cluding all occasions). The ICC specification (ICC [3, 1] vs. 
ICC [3, k]; consistency vs. absolute agreement), the treat
ment of negative ICCs, and transformation of ICCs varied 
across universes. ICC values were subtracted from 1 so that 
higher values reflected greater NED. 
Depression. In Study 1, depression was measured using 

the 7-item depression subscale of the German short version 
of the Depression Anxiety Stress Scale (DASS-21; Nilges 
& Essau, 2021). Participants indicated the extent to which 
each statement (e.g., “I felt down-hearted and blue”) ap
plied to them in the past month using a 4-point Likert scale 
(0 = did not apply to me at all, 1 = applied to me to some de
gree or some of the time, 2 = applied to me to a considerable 
degree or a good part of the time, 3 = applied to me very much 
or most of the time). In Studies 2 and 3, depression was as
sessed in reference to the past two weeks using nine items 
of the depression scale of the Patient Health Questionnaire 
(Gräfe et al., 2004; Spitzer et al., 1999) on a 4-point Likert 
scale ranging from 0 (not at all) to 3 (almost every day) in 
Study 2, and from 1 (not at all) to 4 (almost every day) in 
Study 3. The depression items were aggregated to a mean 
score, such that higher scores indicated greater depression. 
McDonald’s ω values were .88 (Study 1), .83 (Study 2), and 
.84 (Study 3). 

Sample Size Considerations    

Given the multilevel structure of AA data, sample size 
planning for Study 1 addressed both Level 1 (measurement 
occasions) and Level 2 (participants). Because Study 1 was 
part of a larger project, the planned number of measure
ment occasions was based on a separate research question 
involving multilevel models with fixed effects at Level 1. 
Anticipating 80% compliance (Ottenstein & Werner, 2022; 
Wrzus & Neubauer, 2023), we planned 84 occasions per 
participant. For the Level 2 sample size, we based our cal
culation on the expected cross-level interaction effect cen
tral to the present research, using effect size estimates from 
Lischetzke et al. (2021)5. An a priori power analysis using 

This measurement structure is conceptually similar to that used in prior research examining between-category and within-category 
emotion differentiation (Erbas et al., 2019). It also aligns with several other studies that used multiple emotion terms per discrete emo
tion category and calculated a single overall NED index across all items (e.g., Emery et al., 2014; Starr et al., 2020; Willroth et al., 2020). 
Importantly, Erbas et al. (2019) found that an overall NED index (calculated across all emotion items) was more strongly associated with 
well-being outcomes than either within- or between-category indices. This finding supports the validity of overall NED scores derived 
from items sets that include multiple items per emotion category. 

Initially, we had planned to use only the data from Study 1, which is why we conducted the power analysis with the data from Study 2. 
Studies 2 and 3 were added later to address limitations of Study 1. 

4 

5 
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Monte Carlo simulation (Bolger & Laurenceau, 2013) in
dicated that 165 participants with 65 measurement occa
sions each (reflecting ~80% compliance) would provide a 
power of .80. Because Study 1 included two experimental 
groups analyzed separately and we anticipated a dropout 
rate of approximately 10% prior to the AA phase (cf. Wrzus 
& Neubauer, 2023), we aimed to recruit at least 367 partic
ipants. 
For Study 3, which operationalized stress reactivity via 

pleasant mood impairment, we conducted an additional 
Monte Carlo power analysis based on an effect size estimate 
derived from Lischetzke et al. (2021). Assuming 165 par
ticipants (consistent with Study 1) and an average of 76 
measurement occasions per participant (the observed mean 
compliance in Study 3), the estimated power was 84%. 
For the association between NED and depression, we ex

pected a small to moderate correlation (r = -.20). A power 
analysis with G*Power (Version 3.1.9.7; Faul et al., 2007) 
indicated a power of 83% with 165 participants. Further 
details are provided in the preregistration (https://osf.io/
jdesw/). 

Data Preparation Strategy    

Prior to implementing the multiverse specifications, we 
performed occasion-level data cleaning by excluding un
completed measurement occasions and those flagged for 
careless responding. Specifically, we screened measure
ment occasions for careless responding by examining re
sponse consistency between semantic antonyms (Meade & 
Craig, 2012), following the procedure by Hasselhorn et al. 
(2022). Responses were classified as inconsistent when par
ticipants endorsed opposite extremes of the same bipolar 
mood dimension (e.g., feeling very tense and very relaxed 
at the same time) at a single occasion. This was opera
tionalized as responses in the negative and positive ex
tremes of the respective scale (Likert scales: -2 and +2; 
slider scales: ≤ -30 and ≥ +30 for scales ranging from -50 
to +50, or ≤ 20 and ≥ 80 for scales ranging from 0 to 100, 
respectively). Occasions with inconsistent responses were 
excluded from the analyses. Information on participant en
rollment and exclusions (for Study 1) and on the number of 
completed and excluded occasions (for all studies, e.g., due 
to careless responding) is reported in the Online Supple
ment (in the Additional Information on Data Preparation 
section). 
Subsequent data preparation followed the multiverse 

specifications (e.g., compliance thresholds). In Study 1, all 
steps were conducted separately for the two experimental 
groups, resulting in four multiverse analyses (two analyses 
of interest per group). Participants were excluded if they (a) 
showed zero variance in emotion ratings, (b) had fewer than 
three occasions available for ICC calculation, (c) obtained 
an ICC of 1 (perfect agreement), or (d) obtained an ICC of 
≤ -1. The latter exclusion ensured comparability across uni
verses with and without Fisher’s Z-transformation, since 
transformed ICC values approach plus infinity (minus infin
ity) as when ICCs approach 1 (-1), causing estimation prob
lems. 

For analyses of mood change (see Data Analysis), we cal
culated lagged calmness and lagged pleasant mood vari
ables reflecting the score at the previous measurement oc
casion. Lagged values were set to missing for the first 
occasion of each day (to model within-day change only) and 
when the preceding occasion had been classified as care
less. 
Finally, cases with missing data were excluded as re

quired by the respective analyses (e.g., occasions with miss
ing lagged mood scores for the buffering effect of NED). 

Data Analysis   

Analyses of Interest    

All data preparation and analysis were performed in R 
(Version 4.5.0; R Core Team, 2025). For the first analysis 
of interest, we tested the correlation between NED and de
pression with a one-tailed test (α = .05) consistent with our 
directed hypothesis. Correlations were computed using the 
R package psych (Revelle, 2022). 
For the second analysis of interest, we tested whether 

NED buffered the within-person association between stress 
and mood using a two-level model with random slopes. At 
Level 1, momentary stress and lagged mood predicted cur
rent mood; at Level 2, NED and the cross-level interaction 
between NED and stress were included. Including lagged 
mood allowed us to model the change in momentary mood, 
consistent with previous studies (Lischetzke et al., 2021; 
Starr et al., 2020). In Studies 1 and 2, calmness served as 
the outcome variable; in Study 3, pleasant mood was used 
instead. The two-level model predicting momentary mood 
for person i at occasion t was: 

Level-1 predictors were person-mean centered, and NED 
was grand-mean centered (Wang & Maxwell, 2015). To fa
cilitate model convergence, variables assessed on slider 
scales were rescaled to a range of -0.50 to +0.50 (Study 1) 
or 0 to 1 (Studies 2 and 3). Models were estimated with re
stricted maximum likelihood using lme4 (Bates et al., 2015). 
We used the default optimizer and switched to bobyqa when 
convergence issues occurred. The cross-level interaction 
was tested with lmerTest (Kuznetsova et al., 2017), using 
a two-tailed test. We calculated 95% confidence intervals 
using the Satterthwaite-approximated degrees of freedom. 
As an effect size, we calculated the proportion of within-
person outcome variance explained by the cross-level in
teraction (Rights & Sterba, 2020) using r2mlm (Shaw et al., 
2023). To this end, we determined the difference in the pro
portion of within-person variance explained by the fixed 
Level-1 effects ( ) between a model including and a 
model excluding the cross-level interaction. 
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Multiverse Analyses   

After running the analyses of interest across all uni
verses, we explored the impact of data preparation deci
sions on the effect estimates in three ways: 

Sensitivity Analyses: Controlling for Mean Negative       
Emotion Intensity   

Given prior meta-analytic work emphasizing the impor
tance of examining whether emotion dynamics constructs 
such as NED explain variance in psychological outcomes 
beyond mean emotion intensity (Dejonckheere et al., 2019), 
we conducted sensitivity analyses in which we re-ran the 
multiverse analyses while controlling for person-level 
mean negative emotion intensity. 

Exploratory Analyses: Addressing Power Issues      

In some universes, participant exclusions (due to a neg
ative ICC or low compliance) reduced the Level-2 sample 
size and, consequently, the statistical power of the signif
icance tests. Although such reductions reflect common re
search practice, differences in power across universes may 
confound the effects of data preparation decisions. To iso
late the impact of these decisions from variation in power, 
we conducted exploratory resampling analyses: For uni
verses with reduced Level-2 sample sizes, we resampled 165 
participants with replacement (retaining their valid mea
surement occasions after data preparation) and re-ran the 
analysis. We used 165 participants for both analyses of in
terest, as the power analyses indicated sufficient power 
with this sample size. For Study 2, no resampling analyses 
were conducted, as the Level-2 sample size was sufficient in 
all universes. 

Transparency and Openness    

We report how we determined our sample size, all data 
exclusions, all manipulations, and all measures in the 
study. Study 1’s design, hypotheses and data analysis plan 
were preregistered before data collection started. Studies 2 
and 3 were re-analyses of existing data. The preregistration 
of Study 1, study materials, data, data analysis code (in
cluding R packages and versions) and data sets with results 
of the multiverse analyses for all studies can be accessed via 
OSF (https://osf.io/jdesw/). 

Results  

We summarize the multiverse results across the three 
studies, with detailed information provided in Tables 2 and 
3. For each multiverse analysis, these tables report the 
number of significant effects, the range of effect sizes, the 
sample sizes per universe, the number of negative ICCs, and 
the most influential decision. Descriptive statistics and cor
relations for all within- and between-person measures are 
presented in Tables S3 and S4 in the Online Supplement. 
Distributions of NED across the universes are depicted in 
Figures S1 to S4 (Online Supplement). 

Multiverse Analyses on the Bivariate Correlation       
Between NED and Depression     

Figures 1 to 4 display the multiverse analysis results 
for the correlation between NED and depression across the 
three studies. In each figure, the upper panel shows the 

1. Robustness: We checked if the effects were statisti
cally significant in the expected direction and rela
tively stable in magnitude across universes. 

2. Patterns: We examined how the methodological deci
sions influenced the estimates by assessing whether 
specific choices tended to weaken or strengthen the 
observed effects. For each decision, we compared the 
distribution of effect estimates associated with each 
option to the overall median effect. We evaluated 
both the direction of the shift (i.e., whether the dis
tribution was skewed toward stronger or weaker ef
fects relative to the median) and the magnitude of 
this trend. Based on our hypotheses, we expected a 
negative correlation between NED and depression, 
and a positive cross-level interaction between NED 
and stress in predicting mood change. Accordingly, 
effects were considered strengthened when correla
tion estimates (NED-depression) were more strongly 
negative or when cross-level interaction estimates 
(NED x stress) were more strongly positive, and weak
ened when estimates shifted in the opposite direc
tion. Importantly, we interpreted trends at the dis
tributional level, not based on individual effect 
estimates. That is, although some individual uni
verses for a given decision option may produce 
smaller or even opposite effects, the same option 
could still be associated with a general tendency to
ward stronger effects when considering the overall 
distribution. 
To quantify the strength of a trend, we classified it 
as weak, medium, or strong when the proportion of 
estimates on one side of the overall median was at 
least 1.2, 2, or 3 times greater than the proportion on 
the other side. For example, if 75% of the estimates 
associated with a given option fell below the overall 
median and 25% above, we classified this as a strong 
trend towards more negative (or less positive) effects. 

3. Influence of decisions: To quantify the unique impact 
of each decision on the effect estimates, we applied 
a leave-one-out regression approach. The dummy-
coded decisions predicted effect estimates (separately 
for each multiverse analysis) in a series of linear re
gressions: We first estimated a full model including 
all decisions and then iteratively left out one decision 
at a time. The resulting change in explained variance 
(ΔR²) indicated the variance attributable to each de
cision. As this analysis was exploratory, we did not 
correct for multiple testing and refrain from reporting 
p-values. 
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correlation estimates with 95% confidence intervals across 
all 192 universes (sorted in ascending order), with signifi
cant effects highlighted in cyan. The lower panel indicates 
the decision options selected in each universe; for example, 
a dot at the 75% compliance threshold indicates that this 
threshold was chosen. 
Correlation estimates varied in both magnitude and sta

tistical significance across data preparation decisions. The 
proportion of correlations that were significantly negative 
(as theoretically expected) ranged from 8% in Study 2 to 
95% in Study 1 (Likert scales group). Accordingly, the range 
of the correlation estimates varied across the three studies, 
with the smallest effect sizes observed in Study 2 (ranging 
from -.13 to .04) and the largest effect sizes observed in the 
Likert scales group in Study 1 (ranging from -.53 to -.08). 
Notably, more than twice as many universes yielded sig

nificant correlations between NED and depression in the 
Likert scales group compared to the slider scales group in 
Study 16. Overall, the association between NED and depres
sion was not robust in any study, as neither statistical sig
nificance nor effect size was stable across universes. 
The prevalence of negative ICCs7 (prior to their treat

ment) also differed across studies. The Likert scales group 
in Study 1 showed the highest proportion (range from 0% 
to 18%), whereas Study 2 exhibited negative ICCs in all uni
verses (proportions ranging from 3% to 6%), and Study 3 
showed none (see Table 2). 
Overall, there was no consistent pattern in how the de

cisions affected the distribution of effect estimates (for de
tailed results, see Table 4)8. The only decision with a con
sistent directional impact across studies was the choice 
between consistency and absolute agreement, with consis
tency generally yielding larger effect sizes. The inclusion of 
all occasions versus only occasions with negative emotions 
influenced the correlation estimates only in Study 1, where 
including all occasions produced larger effects. In Studies 2 
and 3, where negative emotions were reported on nearly all 
occasions (97% and 98%, respectively), this decision had no 
discernable impact. 
The decision exerting the strongest impact on the corre

lation estimates varied by study (for details, see Table S6 in 
the Online Supplement). In Study 1, the compliance thresh

Figure 1. Results from the Multiverse Analysis on the        
Bivariate Correlation Between Negative Emotion      
Differentiation and Depression in the Likert Scales        
Group in Study 1     
Note. The upper panel of the figure depicts the correlations and their 95% confidence in
tervals (dark red lines) in ascending order. The universes are plotted along the x-axis. 
Significant correlations are indicated in cyan, non-significant correlations are black. The 
dots aligned vertically below the correlations in the lower panel of the figure indicate 
which options of the decisions corresponded to the correlation in each universe. The 
dashed line marks zero. Occasions with neg. emo. = only measurement occasions with 
report of negative emotions included. ICC = intraclass correlation. 

old was most influential in the Likert scales group, while 
the inclusion of occasions had the greatest impact in the 
slider scales group; in Studies 2 and 3, the consistency ver
sus absolute agreement specification showed the strongest 
influence. 

Multiverse Analyses on the Buffering Effect of        
NED on Within-Person Stress Reactivity      

Figures 5 to 8 show the multiverse analysis results for 
the buffering effect of NED on within-person stress reactiv
ity. Across studies, the proportion of significantly positive 

Importantly, although the response format differed between groups for some items, the emotion items used to compute the NED indices 
were assessed using the same Likert response format in both groups. Of the items that differed in response format, only calm-tense 
mood was relevant to the analysis of the buffering effect of NED on stress reactivity, whereas none were relevant to the analysis of the 
correlation between NED and depression. A randomization check revealed no significant differences between the two groups in demo
graphic characteristics, depression levels, mean emotion levels, NED levels, compliance rates, or the number of occasions with reported 
negative emotions. Subsequent analyses of the psychometric properties of the Likert and slider scales in this dataset suggest that the 
two formats do not differ meaningfully (Vollbracht et al., 2026). Therefore, there is no clear empirical basis for the observed difference in 
the distribution of correlation estimates between groups. This pattern highlights the potential sensitivity of multiverse results to seem
ingly peripheral design features (such as response formats for other parts of an AA survey). This underscores the importance of carefully 
considering and transparently reporting assessment methods in AA studies, and it highlights the need for future research to systemati
cally investigate how such methodological variations influence NED estimation and related constructs. 

To explore the relationship between the average number of measurement occasions per participant and the number of negative ICCs, we 
calculated their correlation across the universes. The results of these analyses for the multiverse analyses in all studies are summarized 
in Table S5 in the Online Supplement. 

We examined these patterns using effect estimate histograms. The histograms for both analyses of interest are displayed in Figures S5 to 
S12 in the Online Supplement. 

6 
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Table 2. Overview of the Multiverse Analysis Results on the Correlation between Negative Emotion Differentiation and Depression                

Results Study 1 Study 2 Study 3 

Likert Scales Group Slider Scales Group 

Negative correlations (Nsignificant) 192 (182) 168 (68) 134 (15) 162 (72) 

Positive correlations (Nsignificant) 0 (0) 24 (0) 58 (0) 30 (0) 

Range of correlations -.53 – -.08 -.30 – .08 -.13 – .04 -.24 – .09 

Range of NLevel 2 75 – 168 87 – 176 274 – 325 86 – 154 

Range of Nnegative ICCs 0 – 27 0 – 17 10 – 17 0 

Most influential decision compliance 
(ΔR² = .61) 

inclusion of occasions 
(ΔR² = .59) 

ICC agreement type 
(ΔR² = .74) 

ICC agreement type 
(ΔR² = .67) 

Note. A negative correlation between negative emotion differentiation and depression was expected. In total, there were 192 universes in each multiverse analysis. The most influential decision was the decision that explained most variance in the effect estimates (ΔR²). Nsig
nificant = number of significant results. NLevel 2 = number of participants included in a given universe. Nnegative ICCs = number of negative ICCs in a given universe. ICC = intraclass correlation. 

Table 3. Overview of the Multiverse Analysis Results on the Buffering Effect of Negative Emotion Differentiation on Within-Person Stress Reactivity                   

Results Study 1 Study 2 Study 3 

Likert Scales Group Slider Scales Group 

Positive CLI estimates (Nsignificant) 95 (2) 32 (0) 192 (117) 192 (192) 

Negative CLI estimates (Nsignificant) 97 (0) 160 (0) 0 (0) 0 (0) 

Range of CLI estimates -0.20 – 0.24 -0.05 – 0.02 0.03 – 0.30 0.16 – 0.80 

Range of variance explained by CLI -0.1% – 0.3% -0.04% – 0.3% 0% – 0.3% 0.6% – 2% 

Range of NLevel 2 75 – 168 87 – 176 274 – 325 86 – 154 

Range of NLevel 1 3,600 – 6,261 4,185 – 6,731 5,060 – 5,731 6,650 – 9,012 

Range of Nnegative ICCs 0 – 27 0 – 17 10 – 17 0 

Most influential decision inclusion of occasions (ΔR² = .71) ICC measurement unit (ΔR² = .19) ICC measurement unit (ΔR² = .88) transformation of ICCs (ΔR² = .47) 

Note. A positive cross-level interaction (CLI) was expected. In total, there were 192 universes in the multiverse analysis. The most influential decision was the decision that explained most variance in the effect estimates (ΔR²). Nsignificant = number of significant results. 
NLevel 2 = number of participants included in a given universe. NLevel 1 = number of measurement occasions included in a given universe. Nnegative ICCs = number of negative ICCs in a given universe. ICC = intraclass correlation. 
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Figure 2. Results from the Multiverse Analysis on the        
Bivariate Correlation Between Negative Emotion      
Differentiation and Depression in the Slider Scales        
Group in Study 1     
Note. The upper panel of the figure depicts the correlations and their 95% confidence in
tervals (dark red lines) in ascending order. The universes are plotted along the x-axis. 
Significant correlations are indicated in cyan, non-significant correlations are black. The 
dots aligned vertically below the correlations in the lower panel of the figure indicate 
which options of the decisions corresponded to the correlation in each universe. The 
dashed line marks zero. Occasions with neg. emo. = only measurement occasions with 
report of negative emotions included. ICC = intraclass correlation. 

cross-level interaction estimates (as theoretically expected) 
ranged from 0% (slider scales group in Study 1) to 100% 
(Study 3). Accordingly, both the magnitude of the cross-
level interaction estimates and the proportion of within-
person variance explained varied across studies. 
The largest positive effects were observed in Study 3, 

where cross-level interaction estimates ranged from 0.16 
to 0.80 and explained between 0.6% and 2% of within-per
son variance. In contrast, Study 1 yielded mostly non-sig
nificant negative cross-level interaction estimates. Thus, a 
robust buffering effect of NED on within-person stress re
activity was observed only in Study 3, in which stress re
activity was operationalized as pleasant mood impairment 
rather than reduced calmness. 
The highest prevalence of negative ICCs (prior to treat

ment) was observed in the Likert scales group of Study 
1 (proportion ranging from 0% to 18%), whereas Study 2 
showed negative ICCs in all universes (proportion ranging 
from 3% to 6%), and Study 3 showed none (see Table 3). 
Overall, there was no consistent pattern in how the deci

sions affected the distribution of the cross-level interaction 
estimates (see Table 5). 
The only consistent finding across the three studies was 

that the treatment of negative ICCs did not have a system
atic impact on the cross-level interaction estimates. The 
decision concerning the inclusion of occasions affected the 
estimates only in Study 1. Including all occasions in the 
ICC calculation weakened the estimated buffering effect, 
whereas calculating ICCs using only occasions with nega

Figure 3. Results from the Multiverse Analysis on the        
Bivariate Correlation Between Negative Emotion      
Differentiation and Depression in Study 2       
Note. The upper panel of the figure depicts the correlations and their 95% confidence in
tervals (dark red lines) in ascending order. The universes are plotted along the x-axis. 
Significant correlations are indicated in cyan, non-significant correlations are black. The 
dots aligned vertically below the correlations in the lower panel of the figure indicate 
which options of the decisions corresponded to the correlation in each universe. The 
dashed line marks zero. Occasions with neg. emo. = only measurement occasions with 
report of negative emotions included. ICC = intraclass correlation. 

Figure 4. Results from the Multiverse Analysis on the        
Bivariate Correlation Between Negative Emotion      
Differentiation and Depression in Study 3       
Note. The upper panel of the figure depicts the correlations and their 95% confidence in
tervals (dark red lines) in ascending order. The universes are plotted along the x-axis. 
Significant correlations are indicated in cyan, non-significant correlations are black. The 
dots aligned vertically below the correlations in the lower panel of the figure indicate 
which options of the decisions corresponded to the correlation in each universe. The 
dashed line marks zero. Occasions with neg. emo. = only measurement occasions with 
report of negative emotions included. ICC = intraclass correlation. 

tive emotions yielded stronger interaction effect estimates. 
This decision did not affect the results in Studies 2 and 3. 
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Table 4. Effects of the Data Preparation Decisions on the Correlation Between Negative Emotion Differentiation              
and Depression   

Decision Option Study 1 
Study 

2 
Study 

3 

Likert Scales 
Group 

Slider Scales 
Group 

Compliance threshold 12.5% ↓↓↓ = = ↑↑↑ 

25% ↓↓ ↓ = = 

50% = = = = 

75% ↑↑↑ ↑ ↑ ↓↓↓ 

Inclusion of occasions All (valid) occasions ↑↑ ↑↑↑ = = 

Occasions with negative 
emotions 

↓↓ ↓↓↓ = = 

ICC measurement unit Single measurements ↑ = ↓ = 

Average of k measurements ↓ = ↑ = 

ICC agreement type Consistency ↑ ↑ ↑↑↑ ↑↑↑ 

Absolute agreement ↓ ↓ ↓↓↓ ↓↓↓ 

Treatment of negative 
ICCs 

Exclusion 
= ↓ ↓ = 

Setting to zero = = = = 

Inclusion as they are = ↑ ↑ = 

Transformation of 
ICCs 

No transformation ↓ = = = 

Fisher’s Z-transformation ↑ = = = 

Note. ↑ (↓) indicates that the correlations tend to be more negative (less negative). The number of arrows indicates the strength of the trend (1 = weak, 2 = medium, 3 = strong). = in
dicates that approximately equal proportions of the effect estimates are on either side of the median, that is, there is no clear trend. Occasions with negative emotions = measure
ment occasions with experience of negative emotion. ICC = intraclass correlation. 

The most influential decisions differed by study. Occa
sion inclusion exerted the strongest influence in Study 1 
(Likert scales group; ΔR² = .71), the ICC measurement unit 
was most influential in Study 1 (slider scales group; ΔR² = 
.19) and in Study 2 (ΔR² = .88), and the transformation of 
ICCs had the largest impact in Study 3 (ΔR² = .47). The in
fluence of the remaining decisions is reported in Table S7 
in the Online Supplement9. 

Sensitivity Analyses: Controlling for Mean      
Negative Emotion Intensity    

As sensitivity analyses, we repeated the multiverse 
analyses for both analyses of interest while controlling for 
mean negative emotion intensity. Detailed results are pro
vided in the Online Supplement (Tables S10 to S17, and 
Figures S13 to S28). For the correlation between NED and 
depression, the effect sizes decreased when controlling for 
mean negative emotion intensity, resulting in fewer or no 

significant universes in the expected direction. In Study 2, 
all correlations between NED and depression were unex
pectedly positive, with 40% being significant. An excep
tion emerged in the slider scales group in Study 1, where 
a larger proportion of universes yielded significant effects 
(47%) compared to the analyses without controlling for 
mean negative emotion intensity (35%), and the divergence 
in the number of significant correlations between experi
mental groups was reduced. Furthermore, the influence of 
specific methodological decisions changed. In Study 1, the 
decision effects disappeared in most cases, and in Stud
ies 2 and 3, new effects emerged (see Table S11 in the 
Online Supplement). Notably, in Study 2, restricting the 
ICC calculation to occasions with negative emotion led to 
more positive correlations between NED and depression, 
whereas including all occasions led to less positive correla
tions (though none were negative, as expected). Moreover, 
the impact of the consistency versus absolute agreement 
specification on the correlations between NED and depres

To examine potential interactions between decisions, we conducted additional regression analyses, each including a single two-way in
teraction term between decisions. For each interaction, we calculated the proportion of variance explained (ΔR²) by comparing the inter
action model to a model that included only the main effects. Overall, the additional variance explained in the effect estimates was close 
to zero. There were, however, two exceptions concerning the buffering effect of NED on stress reactivity (i.e., the cross-level interaction 
estimates). In Study 1, the interaction between the compliance threshold and the inclusion of occasions explained an additional 26% of 
variance in the slider scales group. In Study 3, the interaction between the ICC measurement unit and the ICC transformation explained 
an additional 24% of variance. Full results are reported in the Online Supplement (Tables S8 and S9). 
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Figure 5. Results from the Multiverse Analysis on the        
Buffering Effect of Negative Emotion Differentiation       
on Within-Person Stress Reactivity in the Likert Scales         
Group in Study 1     
Note. The upper panel of the figure depicts the cross-level interaction (CLI) estimates 
and their 95% confidence intervals (dark red lines) in ascending order. The universes are 
plotted along the x-axis. Significant CLI estimates are indicated in cyan, non-significant 
CLI estimates are black. The dots aligned vertically below the CLI estimates in the lower 
panel of the figure indicate which options of the decisions corresponded to the CLI esti
mate in each universe. The dashed line marks zero. Occasions with neg. emo. = only 
measurement occasions with report of negative emotions included. ICC = intraclass cor
relation. 

sion was weakened (Studies 2 and 3) or eliminated (Study 
1). This pattern is in line with the fact that the consis
tency versus absolute agreement distinction is directly re
lated to how variance attributable to mean-level differences 
between emotions is treated in the ICC computation. 
In contrast, the results for the buffering effect of NED on 

stress reactivity were largely identical when controlling for 
mean emotion intensity. Overall, the conclusions regarding 
the robustness of the observed effects across methodologi
cal decisions remained unchanged: none of the effects were 
statistically significant in the expected direction across all 
universes in any data set, with the exception of the buffer
ing effect in Study 3. 

Exploratory Analyses: Addressing Power Issues      

To account for reduced statistical power in universes 
with smaller Level-2 sample sizes, we conducted ex
ploratory resampling analyses with 165 participants in 
Studies 1 and 3. Detailed results are reported in the Online 
Supplement (Tables S18 to S25, and Figures S29 to S40). 
Overall, the resampling analyses yielded patterns compara
ble to those observed in the original multiverse results for 
both analyses of interest. Although the proportion of sig
nificant estimates changed in most cases, the general con
clusions remained unchanged. Some decision-related pat
terns became more or less pronounced, resulting in certain 
decisions emerging as newly influential or, in a few cases, 
no longer showing systematic effects (see Tables S19 and 

Figure 6. Results from the Multiverse Analysis on the        
Buffering Effect of Negative Emotion Differentiation       
on Within-Person Stress Reactivity in the Slider Scales         
Group in Study 1     
Note. The upper panel of the figure depicts the cross-level interaction (CLI) estimates 
and their 95% confidence intervals (dark red lines) in ascending order. The universes are 
plotted along the x-axis. Significant CLI estimates are indicated in cyan, non-significant 
CLI estimates are black. The dots aligned vertically below the CLI estimates in the lower 
panel of the figure indicate which options of the decisions corresponded to the CLI esti
mate in each universe. The dashed line marks zero. Occasions with neg. emo. = only 
measurement occasions with report of negative emotions included. ICC = intraclass cor
relation. 

Figure 7. Results from the Multiverse Analysis on the        
Buffering Effect of Negative Emotion Differentiation       
on Within-Person Stress Reactivity in Study 2        
Note. The upper panel of the figure depicts the cross-level interaction (CLI) estimates 
and their 95% confidence intervals (dark red lines) in ascending order. The universes are 
plotted along the x-axis. Significant CLI estimates are indicated in cyan, non-significant 
CLI estimates are black. The dots aligned vertically below the CLI estimates in the lower 
panel of the figure indicate which options of the decisions corresponded to the CLI esti
mate in each universe. The dashed line marks zero. Occasions with neg. emo. = only 
measurement occasions with report of negative emotions included. ICC = intraclass cor
relation. 
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Figure 8. Results from the Multiverse Analysis on the        
Buffering Effect of Negative Emotion Differentiation       
on Within-Person Stress Reactivity in Study 3        
Note. The upper panel of the figure depicts the cross-level interaction (CLI) estimates 
and their 95% confidence intervals (dark red lines) in ascending order. The universes are 
plotted along the x-axis. Significant CLI estimates are indicated in cyan, non-significant 
CLI estimates are black. The dots aligned vertically below the CLI estimates in the lower 
panel of the figure indicate which options of the decisions corresponded to the CLI esti
mate in each universe. The dashed line marks zero. Occasions with neg. emo. = only 
measurement occasions with report of negative emotions included. ICC = intraclass cor
relation. 

S23 in the Online Supplement). The identity of the most 
influential decisions remained largely stable across analy
ses. The only notable exception concerned the buffering ef
fect of NED on stress reactivity in the slider scales group 
of Study 1, where the compliance threshold emerged as the 
most influential decision in the resampled analyses (see Ta
bles S20 and S24 in the Online Supplement). 

Discussion  

The present research investigated whether and how 
methodological decisions affect empirical findings on the 
relationship between NED and adaptive outcomes. Using 
multiverse analyses across three AA studies, we evaluated 
the robustness of two analyses of interest: (a) the between-
person association between NED and depression and (b) the 
buffering effect of NED on within-person stress reactivity. 
In addition, we conducted sensitivity analyses controlling 
for mean negative emotion intensity and, where necessary, 
resampling procedures to address potential power differ
ences across universes. 
Overall, neither analysis of interest was robust across 

methodological decisions. The only exception was the 
buffering effect of NED on stress reactivity in Study 3, in 
which stress reactivity was operationalized as pleasant 
mood impairment rather than reduced calmness. This find
ing is consistent with prior work (Klaperski et al., 2013) 
suggesting that pleasant mood impairment may capture 
stress reactivity more sensitively than calm mood. 

Across studies and analyses, no single methodological 
decision consistently determined the pattern of results. In
stead, the impact of specific decisions varied depending 
upon both the study and the analysis of interest. For exam
ple, the decision regarding occasion inclusion showed op
posite effects across the two analyses of interest in Study 
1: restricting the ICC calculation to occasions with negative 
emotions weakened the correlation between NED and de
pression but strengthened the buffering effect on stress 
reactivity. In Studies 2 and 3—where negative emotions 
were reported on nearly all occasions—this decision had 
no meaningful impact, except on the association between 
NED and depression when mean negative emotion intensity 
was controlled for in Study 2. Similarly, decisions concern
ing compliance thresholds, ICC measurement unit, and ICC 
transformation did not show uniform patterns across mul
tiverse analyses. 
Where systematic trends emerged, consistency ICCs 

generally yielded larger effect sizes and absolute agreement 
ICCs yielded smaller effect sizes. In contrast, the treatment 
of negative ICCs had little to no impact on the results. 
Across analyses, each decision—except for the treatment 
of negative ICCs—was identified as the most influential at 
least once, as reflected in the explanatory contribution to 
variation in effect estimates. 
Notably, controlling for mean negative emotion inten

sity did not alter the results regarding the buffering effect 
of NED on within-person stress reactivity. This pattern is 
consistent with prior research. Of five AA studies examin
ing the buffering effect (Lischetzke et al., 2021; Nook et 
al., 2021; Starr et al., 2017, Study 1 and Study 2; Starr 
et al., 2020), four reported a significant buffering effect 
that remained significant when controlling for mean nega
tive emotion intensity (Lischetzke et al., 2021; Nook et al., 
2021; Starr et al., 2017, Study 2; Starr et al., 2020). In con
trast, controlling for mean negative emotion intensity at
tenuated effect sizes for the association between NED and 
depression in the present research and reduced the pro
portion of significant effects in most cases. This pattern 
aligns with previous findings. For example, a meta-analysis 
revealed that NED did not significantly predict depression 
when controlling for mean emotion intensity and explained 
little incremental variance beyond mean emotion intensity 
(Dejonckheere et al., 2019). Given this attenuation, the re
lationship between NED and depression appears particu
larly sensitive to data preparation decisions. Taken to
gether, these findings suggest that NED may provide 
limited incremental predictive value for depression beyond 
mean negative emotion intensity, whereas it may play a 
more distinct role in buffering within-person stress reactiv
ity. 

Learnings from the Multiverse Analyses      

The multiverse analyses reveal that, overall, empirical 
findings on NED’s adaptive value are not robust across data 
preparation decisions, leading to variation in the effect es
timates and their significance. As a result, substantive con
clusions about NED may differ and sometimes even contra
dict each other. For example, NED could be associated with 
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Table 5. Effects of the Data Preparation Decisions on the Buffering Effect of Negative Emotion Differentiation on Within-Person Stress Reactivity                   

Decision Option Study 1 Study 2 Study 3 

Likert Scales Group Slider Scales Group 

Compliance threshold 12.5% = = = ↑ 

25% = ↓ = = 

50% = ↑ = ↓ 

75% = = = = 

Inclusion of occasions All (valid) occasions ↓↓↓ ↓↓↓ = = 

Occasions with negative emotions ↑↑↑ ↑↑↑ = = 

ICC measurement unit Single measurements = ↓↓↓ ↑↑↑ = 

Average of k measurements = ↑↑↑ ↓↓↓ = 

ICC agreement type Consistency = ↑ = ↑↑ 

Absolute agreement = ↓ = ↓↓ 

Treatment of negative ICCs Exclusion = = = = 

Setting to zero = = = = 

Inclusion as they are = = = = 

Transformation of ICCs No transformation = = = ↑↑↑ 

Fisher’s Z-transformation = = = ↓↓↓ 

Note. ↑ (↓) indicates that the cross-level interaction estimates tend to be more positive (less positive). The number of arrows indicates the strength of the trend (1 = weak, 2 = medium, 3 = strong). = indicates that approximately equal proportions of the effect estimates are on 
either side of the median, that is, there is no clear trend. Occasions with negative emotions = measurement occasions with experience of negative emotion. ICC = intraclass correlation. 
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higher or lower levels of depression (e.g., in Study 2, when 
[not] controlling for mean emotion intensity). The variabil
ity associated with data preparation decisions could explain 
inconclusive empirical findings, such as opposite directions 
for the relationship between NED and depression in dif
ferent samples (Eckland et al., 2022) or significant versus 
nonsignificant results at different time points (Liu et al., 
2020) or with different scales (Lazarus & Fisher, 2021). Dif
ferent results may arise from the same data preparation 
methods applied to different samples, time points or mea
sures, as there appears to be no systematic pattern in how 
the decisions affect empirical results. The most influen
tial decisions identified in the present research suggest that 
the variation is not only due to reduced power (e.g., from 
compliance decisions or negative ICC treatment), but stems 
also from how ICCs are calculated. 
In general, the impact of the methodological decisions 

on the results of both analyses of interest increased when 
more participants, measurement occasions, or indices were 
affected. For instance, the treatment of negative ICCs was 
more relevant in Study 2 (in which each universe yielded 
at least 10 negative ICCs) than in Study 1 (where the pro
portion of universes without negative ICCs was higher). The 
higher proportion of universes without negative ICCs in 
Study 1 likely diluted the impact of the treatment of neg
ative ICCs, as it would naturally have no effect in the ab
sence of negative ICCs (as in Study 3). Similarly, the com
pliance thresholds had little to no impact in Study 2, where 
compliance was high, on average, and the extreme options 
led to a maximum difference of 34 participants (10% of the 
sample) between the universes with the most conservative 
(75%) and the most lenient (12.5%) option. As a result, the 
similar data sets of the universes probably produced sim
ilar effect estimates. Contrary, the impact of the compli
ance thresholds was stronger in Studies 1 and 3, where the 
difference pertained to a larger proportion of the sample. 
The same applies to the decision on which occasions to in
clude for the ICC calculation, which only mattered in Study 
1 where participants reported experiencing negative emo
tions at only a small number of occasions (22%). In con
trast, the proportion of such occasions was very high in 
Studies 2 and 3. Thus, the universes that included all occa
sions and those that used only the occasions with negative 
emotions were almost identical and differed by only few oc
casions, such that the decision did not affect the results. 
An exception was found in Study 2, when we controlled 
for mean negative emotion intensity in the association be
tween NED and depression. Here, the decision affected the 
estimates, which were all unexpectedly positive. 
Finally, two aspects of interpreting multiverse analyses 

should be emphasized: (1) The results should be viewed in 
terms of possibility, not probability. A probabilistic interpre
tation assumes that all universes are equally likely to be 
correct, meaning that more frequent results are considered 
more likely. However, this is inaccurate because the uni
verses are not randomly selected from all possible reason
able decisions, and the analyses are not statistically inde
pendent from each other (Hall et al., 2022; Simonsohn et 
al., 2020). In contrast, a possibilistic interpretation means 

that each result shows what is a possible result based on 
reasonable choices, without implying how likely it is (Hall 
et al., 2022). Therefore, we did not aggregate the results 
into a median effect and test its significance, as suggested 
by Simonsohn et al. (2020), as this could misrepresent the 
true variety of outcomes. 
(2) We cannot provide specific recommendations for data 

preparation decisions based on our multiverse analyses. 
The purpose of such analyses is to assess the robustness 
of empirical findings, not to determine which result is true 
or which option should be chosen (Harder, 2020). However, 
general recommendations for dealing with researcher de
grees of freedom in NED research are discussed in the Con
clusion and Recommendations section. 

Limitations  

The conclusions of our multiverse analysis are subject 
to several limitations. Although a multiverse analysis sys
tematically examines the robustness of empirical findings 
against somewhat arbitrary data preparation decisions, it is 
still subject to researcher judgment. Researchers may dis
agree about the most reasonable options (Simonsohn et al., 
2020). For example, excluding participants due to low com
pliance is common in AA studies (e.g., Weermeijer et al., 
2022), but the chosen thresholds can be arbitrary. In our 
case, a strict compliance threshold of 75% or limiting the 
analysis to four specific thresholds might be questioned. 
However, our aim was not to identify the most reasonable 
threshold, but to examine whether and how such decisions 
affect empirical findings. Therefore, we focused on a wide 
range of compliance with a small number of thresholds to 
ensure interpretability. For a more comprehensive multi
verse analysis on compliance thresholds in AA studies, see 
Weermeijer et al. (2022). 
Furthermore, the decisions examined are not exhaustive, 

as there are further decisions pertaining to study design 
and data analysis. For example, we did not examine factors 
relating to data analysis like centering of the predictors 
(Hamaker & Muthén, 2020) or accounting for careless re
sponding. Instead, we limited the scope to the most rele
vant data preparation decisions for NED to avoid an even 
more complex analysis. 
Relatedly, an important aspect that may have con

tributed to the inconsistent results is that the three studies 
differed in key methodological features, such as the emo
tion item set, sampling frequency, response format, and the 
reference timeframes for assessing state variables. For in
stance, Thompson, Springstein, and Boden (2021) argued 
that the number and type of emotion items—both of which 
varied across the present studies—is “the most critical issue 
in designing studies on differentiation” (p. 4). A recent NED 
study examined the role of the emotion terms by employ
ing item sets that differed by one item, and reported mixed 
results on the robustness of NED’s relationships with emo
tion regulation variables (Kalokerinos et al., 2019). This 
suggests that differences in the emotion terms used may 
partly explain the inconsistent findings observed across our 
data sets. Future research should conduct systematic, the
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ory-driven investigations into the effect of specific emotion 
item characteristics on NED results. 
Another methodological difference across the present 

studies concerns the reference timeframe of the AA items. 
For example, negative emotions and stress were assessed 
with reference to the previous prompt (Study 1), the entire 
day (Study 2), or the past hour (Study 3). Retrospective as
sessments that rely on broader timeframes may increase 
participants’ reliance on generalizations, such as situation-
specific or identity-related beliefs, rather than on direct ex
periential access to current emotions (Robinson & Clore, 
2002). In our studies, stress ratings referring to preceding 
time periods may have captured such generalizations to 
some extent, potentially altering the relationship between 
stress and momentary mood. Similarly, the between-person 
correlation between NED and depression may have been in
fluenced by differences in the timeframes used to assess 
emotional experiences across the studies. 
The studies also differed in the proportion of occasions 

at which negative emotion were experienced. With 22%, the 
proportion was especially low in Study 1. Although this may 
be a realistic proportion of occasions with report of nega
tive emotions (e.g., Zelenski & Larsen, 2000), it may have 
been affected by our filtering, which only inquired partic
ipants to rate their negative emotion intensity if they in
dicated on a filter item that they had experienced at least 
one negative emotion, instead of rating them at every oc
casion. To avoid reinforcing the negation on the filter item 
(i.e., taking a shortcut within the prompts), we used filler 
items about the participants’ activities. Still, the propor
tion of occasions with negative emotions remained low. For 
occasions without reported negative emotions, we set the 
emotion intensity ratings to zero to indicate that the emo
tions were experienced “not at all”. This approach may have 
biased the NED indices in universes where all occasions 
were included in the calculation of the ICCs, because it is 
possible that participants would have responded differently 
to certain emotion terms if they had encountered them. In 
universes where exclusively occasions with negative emo
tions were included, the NED indices might be limited in 
their validity. The few measurement occasions might not be 
fully representative of NED, as there are fewer or no occa
sions at which participants rated all emotions consistently 
(i.e., zero ratings here). 
Although these methodological differences between the 

studies were not directly incorporated into the multiverse 
analysis, the inclusion of multiple data sets with varying 
design features aligns with the concept of a “multiverse 
of methods” (Harder, 2020). Unlike a classical multiverse 
analysis, which systematically examines analytic decision 
combinations within a single data set, a multiverse of 
methods extends this framework to include design-level 
variability by analyzing multiple data sets. Our comparison 
across three studies offers initial insight into how features 
of study planning and design may affect the robustness of 
observed effects. Future studies would benefit from a more 
systematic and comprehensive application of this approach 
to further investigate the role of methodological variability. 

In addition, our study faces specific challenges related to 
statistical power. Excluding participants for reasons such as 
low compliance or a negative ICC reduces statistical power, 
and this limitation is evident in our main analyses. While 
this reflects typical research practice, it complicates the in
terpretation of non-significant findings because the com
pliance threshold decision and power reduction can be con
founded. To address this, we artificially increased the Level 
2 sample size in exploratory analyses to isolate the effects 
of data preparation from power issues; the results remained 
consistent. However, this approach has its own limitations: 
Resampling participants to increase power can bias the re
sults, since some participants are necessarily drawn multi
ple times. Thus, the resampled participants are not inde
pendent and some participants are weighted more strongly. 
This may have led to significant results in unexpected di
rections. We therefore recommend a cautious interpreta
tion of the resampled analyses. Future research should en
sure that the power remains adequate in the universe with 
the strictest compliance threshold (i.e., with the smallest 
sample size). 
Furthermore, in our a priori power analysis, we used an 

expected effect derived from existing data (also used in 
Study 2) based on a specific data preprocessing approach. 
Lafit et al. (2025) recently examined the uncertainty of 
sample size recommendations based on data from previous 
AA studies. They demonstrated that factors such as study 
duration, construct operationalization, and preprocessing 
choices can affect effect size estimates and their uncer
tainty (i.e., their confidence intervals), ultimately influenc
ing sample size recommendations. This was also evident 
in our results: Effect sizes and their confidence intervals 
varied across data preparation decisions in the multiverse 
analyses. As a result, different preprocessing choices in the 
power analysis could have altered the estimated required 
sample size, raising the possibility that the actual sample 
size was insufficient in some analytical universes—poten
tially contributing to non-significant results. Future stud
ies conducting an a priori power analysis based on existing 
data should explicitly consider the uncertainty in effect es
timates introduced by data preparation decisions (for prac
tical guidance, see Lafit et al., 2025). 

Constraints on Generality    

The generalizability of our findings may be limited for at 
least two reasons: 
First, all three studies utilized non-clinical German sam

ples, which were predominantly female and relatively 
young, despite efforts to recruit a more diverse group in 
Study 1 (e.g., by not initially recruiting students) and a 
more age-heterogeneous sample in Study 2 (by not inviting 
participants of a certain age to further participation). In 
general, research suggests gender differences in self-re
ported emotions (for an overview, see Brody & Hall, 2008) 
and cross-cultural differences in emotion differentiation 
(Grossmann et al., 2016). Thus, it is uncertain whether our 
findings apply to more representative German samples or 
other cultures, especially given the inconsistent patterns 
across the relatively similar samples in the present re
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search. Moreover, the current data do not allow conclusions 
about potential differences in NED between healthy indi
viduals and clinical populations, such as individuals with 
major depressive disorder, which have been investigated in 
previous research (e.g., Demiralp et al., 2012). 
Second, the results from our multiverse analyses may 

not be generalizable to other analyses involving mean dif
ferences between groups, as our focus was on relationships 
between NED and adaptive outcomes. ICCs measuring ab
solute agreement are influenced by the absolute values of 
emotion intensity ratings, often resulting in smaller values 
than consistency ICCs, which capture only the covariation 
between emotion ratings over time. Furthermore, single 
measurement ICCs tend to be smaller than those based on 
the average of k measurements (Koo & Li, 2016). Taking 
the absolute value of ICCs (not) into account may be less 
relevant in relational analyses such as in the present re
search. It may, however, have a dissimilar impact on be
tween-group differences by affecting distribution and mean 
levels of ICCs, which might amplify or attenuate such dif
ferences. 

Implications and Future Directions     

The non-robust results across methodological decisions 
highlight the need for consistent data preparation to ensure 
the comparability of empirical findings on NED across stud
ies. In accordance with this, the number of arbitrary deci
sions in a multiverse needs to be reduced to address varia
tion in the results (i.e., the multiverse needs to be deflated; 
Steegen et al., 2016). Potential solutions include refining 
theory and improving measurement, which could help to 
identify a superior data preparation method (Steegen et al., 
2016). Indeed, consistency ICCs have been recommended 
over absolute agreement ICCs for NED for theoretical rea
sons (Erbas et al., 2014; Ottenstein & Lischetzke, 2020), as 
only the correlations between emotion ratings, rather than 
their absolute value, are deemed relevant (Feldman Barrett 
et al., 2001). 
Additionally, further research is needed to evaluate the 

validity of negative ICCs in the context of NED. For in
stance, future studies could compare participants with neg
ative ICCs to those with positive ICCs close to zero to assess 
whether their response patterns reflect similarly high levels 
of differentiation (e.g., Thompson, Liu, et al., 2021). If this 
interpretation holds, it would be important to examine 
whether these groups differ systematically on NED-related 
constructs. This could clarify whether negative ICCs reflect 
meaningful differences in NED, potentially indicating even 
higher NED than near-zero positive values. In this case, set
ting negative ICCs to zero or excluding them could obscure 
substantive variance and thus be inappropriate. Eliminat
ing such options would also reduce the number of deci
sions, thereby deflating (i.e., simplifying) the multiverse. 
Relatedly, more research is needed to determine how 

many measurement occasions are required to reliably cap
ture trait-level NED (Thompson, Springstein, et al., 2021). 
When based on only a few occasions, NED estimates may 
reflect momentary states rather than a stable trait. Identi

fying the sufficient number of occasions could help guide 
future decisions regarding compliance thresholds. 
Finally, multiverse analyses using simulated data could 

help identify which methodological decisions (or combina
tions there-of) most accurately recover true effects. 

Conclusion and Recommendations    

Our multiverse analyses of three studies demonstrated 
that the results of the analyses of interest on NED’s adap
tive value were largely non-robust across typical data 
preparation decisions, and there was no discernible, sys
tematic pattern in how the decisions affected the results. 
Therefore, we recommend to base data preparation in NED 
research on thorough theoretical consideration rather than 
relying on procedures reported in previous studies. This is 
all the more important, the more participants or measure
ment occasions are affected (e.g., in terms of the number 
of negative ICCs). Moreover, the findings support the calls 
for more transparency in emotion differentiation research 
(Thompson, Springstein, et al., 2021) and in research in 
general, as researcher degrees of freedom can lead to de
viations in substantive conclusions, even in the same data 
set. Transparent reporting is crucial for assessing the credi
bility of findings, and we encourage emotion differentiation 
researchers to preregister their studies and openly report 
all data preparation choices. Although preregistration re
duces decision flexibility in advance, it does not fully elimi
nate analytic uncertainty, as decisions may still be arbitrary 
(Hall et al., 2022; Steegen et al., 2016). Therefore, robust
ness checks, such as multiverse analyses, should be consid
ered whenever no superior data preparation choice is evi
dent. 
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