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A B S T R A C T   

Environmental and individual contextual factors profoundly influence how people regulate their emotions. The 
current article addresses the role of event intensity and psychopathology (an admixture of depression, anxiety, 
and psychoticism) on emotion regulation in response to naturally occurring events. For six days each evening, a 
youth sample (aged 15–25, N = 713) recorded the intensity of the most positive and most negative event of the 
day and their subsequent emotion regulation. The intensity of negative events was positively associated with 
summed total emotion regulation effort, strategy diversity, engaging in rumination, situation modification, 
emotion expression, and sharing and negatively associated with reappraisal and acceptance. The intensity of 
positive events was positively associated with strategy diversity, savoring, emotion expression, and sharing. 
Higher psychopathology symptoms were only related to ruminating more about negative events. We interpret 
these findings as support for the role of context in the degree of effort and type of emotion regulation that young 
people engage in.   

1. Introduction 

From infancy to old age, the landscape of our daily emotional ex-
periences is dynamic. A key process that plays a role in the fluctuation of 
emotions is emotion regulation; individuals’ efforts to change the type, 
intensity, duration, or expression of the emotions they experience 

(Gross, 1998, 2015). Because regulating emotions allows individuals to 
influence “the dynamics of each emotion in order to produce adaptive 
responses to the environment” (Aldao, 2013, p. 155), emotion regula-
tion is also a crucial element of mental wellbeing. Indeed, the trans-
diagnostic role of negative and positive emotion regulation is well 
documented in the maintenance and treatment of psychopathology in 
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adults (Aldao, Nolen-Hoeksema, & Schweizer, 2010; Berking et al., 
2008; Carl, Soskin, Kerns, & Barlow, 2013). Previous research, however, 
has paid less attention to how associations between emotion regulation 
and mental health differ over the course of the transition from adoles-
cence to adulthood. 

Adolescence has been described fittingly as the age of emotional 
“peaks and valleys” (Csikszentmihalyi & Larson, 1984). Compared to 
adulthood, the daily lives of adolescents are characterized by more 
intense emotions (Larson, Csikszentmihalyi, & Graef, 1980; Verma & 
Larson, 1999; Silk, Steinberg, & Morris, 2003) and greater fluctuations 
in moods (Larson & Richards, 1994). Moreover, during adolescence 
symptoms of most psychopathologies increase and it is therefore a 
critical phase in the development of the relationship between mental 
health and emotion regulation. Yet, only a few studies have investigated 
psychopathology and emotion regulation in young people in the context 
in which regulation naturally occurs: in the fabric of daily life, in 
response to personally relevant events. 

1.1. Investigating emotion regulation in daily life 

The development of daily life research has allowed researchers to 
begin investigating how several previously unexplored aspects of 
emotion regulation relate to psychopathology in adolescence and 
adulthood. As methods for investigating psychological and behavioral 
processes in daily life improved in recent years, the field of study con-
cerning naturally occurring emotion regulation also began to take shape. 
Using methods like the Experience Sampling Method, a structured diary 
approach, where participants are prompted to respond to questionnaires 
about events, thoughts, moods, symptoms, behaviors, and other states in 
their daily lives (ESM; Csikszentmihalyi & Larson, 1987; Myin-Germeys 
et al., 2018), has allowed emotion regulation researchers to collect more 
ecologically valid data in novel ways. These methods have also made it 
possible for researchers to begin the important work of investigating 
how mental well-being and other individual and contextual variables 
relate to emotion regulation outside the laboratory. 

In the present investigation we focus on two elements of emotion 
regulation in daily life in response to emotional instances: emotion 
regulation effort (i.e. the degree to which specific strategies are 
employed) and the diversity of emotion regulation (i.e. the number of 
different strategies employed). We also draw on the literature on the use 
of emotion regulation strategies (i.e. whether a strategy is employed or 
not). Problems in each of these elements (use of individual strategies, 
effort per strategy, strategy diversity, total effort) could play a role in the 
difficulties with regulating positive and negative emotions that charac-
terize many types of psychopathologies in adolescence (Compas et al., 
2017). 

1.2. Psychopathology and emotion regulation in the wild 

Recent daily life research on emotion regulation supports the theo-
retical position that associations between emotion regulation and 
symptoms of mental disorders may strengthen from adolescence to 
adulthood (Compas et al., 2017), at least in the case of regulating 
negative emotions. While the literature is limited, existing daily diary 
studies in adolescent samples have not found an association between 
psychopathology and use of most of the commonly measured emotion 
regulation strategies. Tan et al. (2012) observed no differences between 
adolescents diagnosed with an anxiety disorder (generalized anxiety 
disorder, social anxiety disorder, or social phobia) and a control group, 
aged 9–13, in the use of six emotion regulation strategies (distraction, 
cognitive restructuring, problem solving, acceptance, avoidance, and 
rumination). Tan et al. (2012), however, found that anxious adolescents 
were less effective in downregulating negative emotions via acceptance 
and that rumination had a more detrimental effect on their subsequent 
emotions compared to non-anxious adolescents. 

Likewise, Lennarz, Hollenstein, Lichtwarck-Aschoff, Kuntsche, and 

Granic (2019) found that in adolescents aged 12–17, use of emotion 
regulation strategies in daily life (avoidance, distraction, 
problem-solving, social support, reappraisal, rumination, acceptance, or 
suppression) was not associated with symptoms of depression, except 
that higher depression was associated with less acceptance for boys. 
However, Silk et al. (2003) found that adolescents (12-17-years old) who 
used disengagement strategies (e.g., denial), and involuntary engage-
ment strategies (e.g., rumination) more often in response to negative 
emotions, reported more depressive symptoms. 

Insights from adult studies suggests that it may not be the use of 
emotion regulations strategies that differs between those with and 
without psychopathology, but rather the degree of emotion regulation 
effort. Indeed, daily life studies of adults suggest that affective and 
psychotic psychopathologies are associated with greater effort in 
employing a variety of emotion regulation strategies. In a daily diary 
study of adults with and without schizophrenia, researchers assessed 
effort per emotion regulation strategy and the sum total of emotion 
regulation effort in response to daily events. People with schizophrenia 
reported using suppression, reappraisal, soothing, distraction, and 
avoidance more in response to negative events throughout the day 
compared to those without schizophrenia (Visser et al., 2018). Likewise, 
bipolar I disorder and major depression in adults have been associated 
with greater effort in using reappraisal, calming, suppression, and 
distraction for regulating daily negative emotions (Gruber, Kogan, 
Mennin, & Murray, 2013). 

Few studies have explicitly investigated emotion regulation strategy 
diversity in daily life in relation to psychopathology. Research by Visser 
and colleagues (2015) found that adults with schizophrenia reported 
using a greater number of strategies per event in daily life, suggesting 
elevated emotion regulation effort in the form of using a large range of 
strategies. Similarly, a study where participants were asked to recall an 
emotional event found that adolescents who were the least likely to 
engage in a broad repertoire of emotion regulation strategies, - including 
reappraisal, acceptance, and problem-solving - in response to a recent 
emotional experience showed the lowest symptoms of anxiety, depres-
sion, and borderline personality (Sloan et al., 2019). These studies 
contradict the existing (non-ESM) literature reporting a positive rela-
tionship between use of reappraisal and acceptance, and better mental 
health (Aldao et al., 2010). This suggests that not only is higher levels of 
psychopathology symptoms associated with employing a greater di-
versity of strategies in response to a single event, but that this repertoire 
includes the use of putatively adaptive strategies. Therefore, to under-
stand what drives the apparently elevated emotion regulation effort and 
strategy use in psychopathology, and to examine whether the same 
patterns of effort and strategy use are present in adolescence, the in-
clusion of naturally occurring contextual factors in emotion regulation is 
critical. 

1.3. The role of emotion intensity in strategy use and diversity 

The role of key contextual factors, such as the intensity of daily 
emotional experiences, in emotion regulation across different psycho-
pathologies, requires further investigation. Before interest in contextual 
factors in emotion regulation took off, a large body of results from 
laboratory experiments and self-report questionnaires converged on a 
positive relationship between ‘active’ strategies, such as problem solv-
ing and reappraisal, and better mental health. In contrast, ‘passive’ 
strategies such as rumination and avoidance have primarily been asso-
ciated with higher psychopathology in non-daily life research (Aldao 
et al., 2010). Until recently, these findings were interpreted as evidence 
that emotion regulation strategies fall into ‘adaptive’ and ‘maladaptive’ 
categories based on the direction of their association with psychopa-
thology (Aldao et al., 2010). However, studies of naturally occurring 
emotion regulation and its relationship with psychopathology do not 
reflect this divide (Visser, Esfahlani, Sayama, & Strauss, 2018; Gruber 
et al., 2013) and call into question the usefulness of categories such as 
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‘adaptive’ and ‘maladaptive’. Meta-analytical evidence and a daily life 
investigation have shown that nonetheless, some strategies appear more 
likely to be used at the same time and that strategy co-occurrence differs 
within- and between people (Naragon-Gainey, McMahon, & Chacko, 
2017; McMahon & Naragon-Gainey, 2019). These studies suggest that 
contextual variables, such as the intensity of emotional experiences, may 
be an important factor in when and to what degree different emotion 
regulation strategies are used. 

Studies suggest that the intensity of negative emotions and events is 
associated with both the use of individual strategies as well as the use of 
a broader array of strategies. A self-report questionnaire study in adults 
found that when participants were asked about their recollections of 
regulating negative emotions in response to moderately and highly 
intense situations, they reported using more strategies when events were 
highly intense (Dixon-Gordon, Aldao, & De Los Reyes, 2015). Consistent 
with this, Lennarz et al. (2019) found in their daily life study of ado-
lescents, that intensity of negative emotions was positively associated 
with the number of employed strategies. Additionally, the odds of 
employing avoidance, distraction, problem solving, social support, 
rumination, and suppression all increased as reported emotional in-
tensity increased (Lennarz et al., 2019). 

If the use of emotion regulation strategies, strategy diversity, and 
effort are partially contingent on the intensity of emotional experiences, 
it may be that the previously documented difference in emotion regu-
lation strategy use - measured with retrospective single time-point 
questionnaires - between those with and without symptoms of mental 
illness reflect, in part, differences in the intensity of daily negative ex-
periences. Compared with control participants, adult patients with 
schizophrenia, depression, and bipolar disorder consistently report more 
intense negative affect in daily life (Visser et al., 2018; Gruber et al., 
2013). Silk et al. (2003) also found that depressive symptoms were 
associated with experiencing greater daily negative affect in adoles-
cence. Therefore, it is imperative to include emotional intensity or the 
intensity of emotion-eliciting events when investigating the role of 
psychopathology in daily life emotion regulation. Furthermore, to gain 
full insight into this relationship, it is crucial that regulation of positive 
emotions is not neglected; to our knowledge, no study has investigated 
the role of the intensity of positive events in the regulation of daily 
positive emotions. 

1.4. Positive emotions and psychopathology 

In general, few studies have investigated emotion regulation in the 
context of positive events or emotions in the daily lives of adolescents. In 
a daily diary study, Deng, Sang, and Luan (2013) found that, based on 
qualitative data, healthy adolescents aged 12–18 engaged in several 
strategies to upregulate their emotions more often in response to posi-
tive affect compared to negative affect. Li, Starr, and Hershenberg 
(2017) found in a study of young adults that daily rumination effort 
regarding positive events, also referred to as ‘savoring’, was negatively 
associated with daily depressive symptoms. In adults, Ma, Bryant, and 
Hou (2020) also found that higher positive trait rumination was asso-
ciated with greater positive affect during positive events. Furthermore, 
in adulthood, a dispositional tendency to think about one’s positive 
experiences and allocate attention to them has been associated with 
higher life-satisfaction and lower depression (Bryant, 2003). 

Research has also shown that in adulthood, telling others about 
positive events, also referred to as sharing, is common in daily life, with 
sharing occurring in response to the most positive event of the day 
60–80% of the time (Gable & Reis, 2010; Gable, Reis, Impett, & Asher, 
2004; Peters, Reis, & Gable, 2018). Social sharing of positive events has 
also been associated with increased well-being and life satisfaction 
(Peters et al., 2018). Further, Hershenberg, Davila, and Leong (2014) 
found that adult women with depression were less likely than control 
participants to share positive life events with others and showed a 
preference to sharing negative life events. However, compared to 

control participants, women with depression benefitted more from 
sharing positive life events, as indicated by an increase in positive mood 
and decrease in negative mood. 

Efforts to increase and maintain positive emotions may be associated 
with better wellbeing and mental health in general. In a daily diary 
study, Blalock, Kashdan, and Farmer (2016), assessed reappraisal effort 
to explicitly experience more positive emotions such as happiness in 
adult control participants and participants with social anxiety disorder 
(SAD). Those with SAD reported that they used less reappraisal to in-
crease positive affect, compared to controls, suggesting decreased effort 
to upregulate positive affect. Similarly as with depression and sharing 
about positive events, compared to control participants, patients with 
SAD experienced more positive emotions on the days when they re-
ported effort to upregulate their positive emotions. Moreover, Gruber 
et al. (2013) found in a daily diary study of patients with major 
depressive disorder, patients with bipolar I disorder, and control par-
ticipants that both positive and negative emotionality were positively 
associated with reappraisal use at the momentary level. Additionally, 
Panaite, Devendorf, Kashdan, and Rottenberg (2021) reported that, 
remarkably, the number of positive events in daily life can have 
far-reaching consequences and even predicted well-being among adults 
with depression a decade later. Panaite et al. (2021) postulate that their 
finding could reflect how positive events are experienced and appraised, 
elements which emotion regulation is likely to influence. Moreover, as 
indicated by findings also outside the daily life field, using a variety of 
strategies to increase and maintain positive emotions appears positively 
associated with life satisfaction and happiness (Quoidbach, Berry, 
Hansenne, & Mikolajczak, 2010; Gomez-Baya, Mendoza, Gaspar, & 
Gomes, 2018). 

Together existing research on emotion regulation in response to 
positive events suggests that upregulating positive emotions, by 
savouring, sharing, or using multiple strategies, is beneficial for mental 
well-being. This is consistent with the broaden-and-build model of 
positive emotions, which posits that cultivating positive emotions re-
sults in increased resilience (Fredrickson, 1998, 2001). However, at 
present little is known about how daily use of upregulation strategies 
and regulation effort in response to positive events is related to mental 
health or to the intensity of positive events in adolescence. One possi-
bility is that, similar to the regulation of negative emotions in daily life, 
the use of positive emotion regulation strategies, the degree of effort, 
and strategy diversity could be influenced by the intensity of daily 
positive emotional experiences. Therefore, including the intensity of 
daily positive emotional experiences when investigating the role of 
psychopathology in regulating positive emotions, could bring further 
insight into the relationship between psychopathology and positive 
emotion regulation in adolescence. 

1.5. The current study 

In the current study, using a pre-existing ESM dataset, we investi-
gated how psychopathology and event intensity were associated with 
emotion regulation in the context of daily life in a large population- 
based youth sample (aged 15–25). In order to represent the develop-
mental stages of older adolescence and transition to adulthood, we 
conducted all analyses separately for the entire sample, older adoles-
cents (aged 15–18), and adolescents in transition to adulthood (aged 
19–22). The research questions, hypotheses, analysis plan, and code 
were post-registered (i.e., after data collection, but prior to access and 
analysis of the data; Benning, Bachrach, Smith, Freeman, & Wright, 
2019) on the Open Science Framework. 

We initially planned to investigate symptoms of anxiety, depression, 
and psychoticism separately, however, a recent study in our lab using 
the same dataset found these subscale scores to be highly correlated 
(>0.80; Achterhof et al., 2020). This is consistent with existing factor 
analytical findings suggesting the co-occurrence and unidimensionality 
of psychotic phenomena, depression, and anxiety in adolescence (Stochl 
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et al., 2015). Therefore, anxiety, depression, and psychoticism were 
collapsed into a single measure of psychopathology. In order to repre-
sent different stages in the process of emotion regulation as outlined by 
Gross (1998; 2015) (situation selection, situation modification, atten-
tion deployment, cognitive change, and response modulation), we 
investigated strategies from each stage and therefore included avoid-
ance, situation modification, rumination, reappraisal, expression, and 
sharing in response to negative events. For positive emotion regulation, 
three emotion regulation items were available in the dataset, all of 
which we considered emotion upregulation strategies and therefore 
appropriate for inclusion in this investigation: savoring, expression, and 
sharing in response to positive events. 

Our hypotheses for the current study were as follows: 
In response to the most negative event of the day during ESM:  

1) Negative intensity of the event is associated with more emotion 
regulation effort in total, per strategy, and the employment of more 
strategies per event.  

2) Higher (relative to lower) baseline psychopathology is associated 
with more emotion regulation effort in total, per strategy, and the 
employment of more strategies. 

3) The interaction between psychopathology and intensity is signifi-
cant, such that higher (relative to lower) psychopathology is asso-
ciated with a stronger relationship between event intensity and total 
emotion regulation effort, the number of selected strategies, and 
effort per strategy. 

In response to the most positive event of the day during ESM:  

4) Positive intensity of the event is associated with more emotion 
regulation effort per strategy and the employment of more strategies 
per event.  

5) Higher (relative to lower) baseline psychopathology is associated 
with less emotion regulation effort per strategy and the employment 
of fewer strategies. 

6) The interaction between psychopathology and intensity is signifi-
cant, such that higher (relative to lower) psychopathology is asso-
ciated with a weaker relationship between event intensity and the 
number of selected strategies and effort per strategy. 

Hypothesis 3 was motivated by Visser et al. (2018), who found that 
schizophrenia-patient status was associated with increased emotion 
regulation effort at also lower degrees of emotional intensity compared 
to controls. In a similar vein, to investigate if psychopathology symp-
toms were associated with a weaker relationship between intensity of 
positive events and positive emotion regulation, we also assessed the 
interaction effect between psychopathology symptoms and intensity on 
regulating positive emotions (Hypothesis 6). 

For the most negative daily event during ESM, we also expected 
higher (relative to lower) baseline psychopathology symptoms would be 
associated with greater negative intensity. Finally, we expected that for 
the most positive daily event during ESM, higher (relative to lower) 
baseline psychopathology symptoms would associated with lower pos-
itive intensity. 

After the post-registration (i.e., pre-analysis, post-data collection) of 
the current study, we noted a lack of literature investigating relation-
ships between how people regulate their positive emotions and how they 
regulate their negative emotions. Daily life research is ideally suited for 
exploring the possibility of naturally occurring general emotion regu-
lation styles across valence. Therefore, following post-registration, we 
explored the relationship between emotion regulation in response to 
positive events and emotion regulation in response to negative events. 

2. Methods 

2.1. Participants 

The sample was collected as part of the TwinssCan study (Pries et al., 
2017) a large longitudinal study conducted by KU Leuven and Maas-
tricht University, within the European Network of National Schizo-
phrenia Networks Studying Gene-Environment Interactions (EU-GEI). 
Participants were recruited from the population-based twin registry, the 
East Flanders Prospective Twin Survey (EFPTS; Derom et al., 2019). 
Adolescents within the registry, aged 15–18, and their non-twin siblings, 
aged 15–34, were contacted to participate in the original TwinssCan 
study, resulting in a total sample of 790 participants. Twelve partici-
pants did not participate in the daily diary measures, and were excluded 
from the original dataset. For the purposes of the current study, we 
included participants aged 15–25, in line with the definition of youth 
(Sawyer, Azzopardi, Wickremarathne, & Patton, 2018). The final sample 
size of the current study was 713 (417 females). The TwinssCan study 
was approved by the local ethical committee (Commissie Medische 
Ethiek van de Universitaire ziekenhuizen KU Leuven, No. 
B32220107766). Participants older than 18 provided written consent. 
For participants younger than 18, parents and participants provided 
written consent. 

2.2. Measures 

2.2.1. The experience sampling method (ESM) 
The Experience Sampling Method is a structured daily diary method 

where data are collected by prompting participants to fill in a short 
questionnaire assessing states, thoughts, behaviors, mood, symptoms, or 
physical contexts several times throughout the day, over a period of time 
(Csikszentmihalyi & Larson, 1987; Myin-Germeys et al., 2018). In the 
current study, participants were prompted to fill in an ESM question-
naire ten times a day for six consecutive days, and to fill in an evening 
questionnaire at the end of the day. Only the data from the evening 
questionnaire were used in the current study. After the prompt, partic-
ipants had a 15-min time window to respond to the questionnaire. The 
Psy-mate © (www.psymate.eu), a mobile phone-like Personal Digital 
Assistant (PDA), was used to prompt and deliver questionnaires and 
participants responded to the questionnaires on the device. Participants 
received training on how to fill in the ESM questionnaires. A research 
assistant practiced all the questions with the participants and partici-
pants had the opportunity to ask questions about the meaning of any 
specific items during the practice. Participants were paid a fixed amount 
of 25 euros for their participation in the ESM study. During the study, 
participants did not receive information on their compliance and they 
were paid the full amount regardless of their compliance. 

2.2.2. Psychopathology 
To assess psychopathology, the Dutch version of the Symptom 

Checklist-90-Revised (SCL-90-R; Derogatis et al., 1979) was used. The 
SCL-90-R was included in the original battery of baseline questionnaires 
within the TwinssCan study. The SCL-90-R is a self-report questionnaire 
used to measure the intensity of a variety of psychological symptoms, 
where participants are asked to reflect on how bothered they have been 
by different symptoms in the past week. In the current study, we used 
the subscales for depression (13 items, e.g., “Feeling hopeless about the 
future”), anxiety (10 items, e.g., “Worrying too much about things”), 
paranoid ideation (6 items, e.g., “Feeling that you are watched or talked 
about by others”), and psychoticism (10 items, e.g., “Having thoughts 
that are not your own”). Participants responded to all items on a 0 to 4 
scale (0 = “Not at all”, 4 = “Extremely”). Psychoticism, paranoid idea-
tion, depression, and anxiety subscales were combined into a single 
dimension of psychopathology by summing up all the scores on items 
from all four subscales, resulting in a possible psychopathology range of 
0–156. The MacDonald’s Omega for the single dimension 
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psychopathology measure in the current sample was 0.96. 

2.2.3. Emotion regulation 
Emotion regulation in response to the most negative event of the day 

was assessed at the end of the day with the ESM item: “Think about the 
most NEGATIVE event of the day”. This item was followed by seven 
emotion regulation items: “I talked about it with somebody” (social 
sharing; 1 = “Yes”, 0 = “No”), “I have thought about it a lot” (rumina-
tion), “I reappraised it” (reappraisal), “I just let it happen” (acceptance), 
“I expressed my emotions” (expression), “I tried to forget about it 
quickly” (avoidance), “I tried to change the situation” (situation modi-
fication) (1–7, 1 = “Not”, 7 = “Very much”). The sum of responses to all 
the emotion regulation items represented total emotion regulation per 
daily most negative event. Social sharing was excluded from the total 
emotion regulation score because its scoring was binary. The number of 
strategies per event was calculated as the total of strategies where par-
ticipants responded with a 2 or higher, or “yes” in the case of social 
sharing. Participants also indicated their experience of the emotional 
intensity of the event: “This event was” (− 3 = “Very unpleasant”, − 2, 
− 1, 0, +1, +2, +3 = “Very pleasant”). In order to exclude counterin-
tuitive responses and responses where the most negative event of the day 
was a positive event, responses to the emotional intensity item were 
excluded if they were 1 or higher. 

Emotion regulation in response to the most positive event of the day 
was assessed at the end of the day with the ESM item: “Think about the 
most POSITIVE event of the day”. This item was followed by three 
emotion regulation items: “I talked about it with somebody” (social 
sharing), “I have thought about it a lot” (savoring), “I expressed my 
emotions” (expression) (1 = “Not”, 7 = “Very much”). Only these three 
positive emotion regulation strategies were included in the original 
dataset, and therefore we did not calculate a total emotion regulation 
score. The same procedure as with negative events for calculating the 
strategies per event-score was used for positive events. Participants also 
indicated their experience of the emotional intensity of the event: “This 
event was” (− 3 = “Very unpleasant”, − 2, − 1, 0, +1, +2, +3 = “Very 
pleasant”). In order to exclude counterintuitive responses and responses 
where the most positive event of the day was a negative event, responses 
to the emotional intensity item were excluded if they were − 1 or lower. 
All ESM items were administered in Dutch. 

Data used in the current study were pre-existing, and were collected 
by a different research team. Unfortunately, no information on the 
development of the emotion regulation items was available from the 
dataset curators. Notably, however, at present no validated ESM 
emotion regulation items are available for general use (Mestdagh & 
Dejonckheere, 2021). To address this and other ESM-related measure-
ment issues, we are currently also developing the ESM Item Repository 
to share and facilitate validation of emotion regulation items (Kirtley 
et al., 2019). 

2.3. Statistical analyses 

All hypotheses were tested with multilevel regressions with random 
slopes (as in e.g., Vaessen et al., 2017) using R software (R Core Team, 
2019), R studio version 3.6.0 (RStudio Team, 2015) and the lme4 (Bates, 
Maechler, Bolker, & Walker, 2015) and lmerTest (Kuznetsova, Brockh-
off, & Christensen, 2017) packages. We compared the suitability of two 
models for the data structure for each multilevel mixed regression: a 
3-level model (Model 1) and a 2-level model (Model 2). Model 1 
included days (ESM) nested in persons and persons were nested in twins. 
Model 2 included days (ESM) nested in persons. We generated 100 
bootstrapped samples from the dataset and tested both models on all 
bootstrapped samples. Each sample was 1/3 and 2/3 of the total sample 
(N = 713). Model 2 had few samples that showed convergence problems 
per mixed regression, while Model 1 had convergence problems with 
most mixed regressions. (Appendix A). Therefore, we conducted the 
analyses using Model 2 (see Appendix A for details). 

To assess the relationship between the intensity of the most negative 
event of the day and psychopathology with emotion regulation out-
comes, separate mixed multilevel regressions were conducted with total 
emotion regulation, number of selected strategies, rumination, accep-
tance, expression, social sharing, reappraisal, situation modification, 
and avoidance as outcomes. We also included age and gender as cova-
riates, and the interaction between negative event intensity and psy-
chopathology in the analyses. We conducted the same analyses on the 
relationship between daily most positive event intensity and psycho-
pathology with emotion regulation outcomes: number of selected stra-
tegies, savoring, expression, and sharing. In analyses regarding daily 
most positive events, we also included the covariates age, gender, and 
the interaction between event intensity and psychopathology. To assess 
the relationship between daily most positive and negative event in-
tensity and psychopathology, an additional two mixed multilevel re-
gressions were conducted, also with age and gender as covariates. 

Finally, we explored the relationship between emotion regulation in 
response to positive events and emotion regulation in response to 
negative events. This exploration involved mixed multilevel regressions 
with the same data structure (Model 2) where each emotion regulation 
outcome per negative event was regressed on each parallel emotion 
regulation outcome per positive event, including age and gender as 
covariates. Thus, we explored if ruminating about the most negative 
event of the day was associated with savoring the most positive event of 
the day, if expressing emotions in response to positive events was 
associated with expressing emotions about negative events, and if 
talking about positive events was associated with talking about negative 
events. 

Because analyses regarding per strategy outcomes were conducted 
separately and involved multiple significance tests, we applied the 
conservative Bonferroni correction. For analyses regarding daily most 
negative event, this resulted in a significance level of 0.05/7 = 0.007, 
and 0.05/3 = 0.016 for analyses regarding daily most positive event. 
This was a deviation from the originally planned less conservative Holm- 
Bonferroni method of correction, as stated in the post-registration of 
these analyses. This decision was motivated by the observation that the 
majority of significant results presented in the current study were 
coupled with very small p-values and there was therefore less concern of 
type II error than we expected. For that reason, the more conservative 
Bonferroni method was considered appropriate. To avoid obtaining 
biased estimates with the number of observations per persons being 
fewer than 10, within-person analyses were not considered appropriate 
and were therefore not conducted (Hox, 2010; Ali et al., 2019). 

2.3.1. Data preparation 
The dataset containing all variables of interest was a subset of the 

complete TwinssCan dataset. This subset was accessed after the post- 
registration of hypotheses and analyses, and access was timestamped. 
Post-registration refers to “pre” registering analyses where large 
archival datasets collected over several years are used for new in-
vestigations (Benning et al., 2019). The post-registration (https://osf. 
io/k8pre) and the code for data analysis and power calculation (htt 
ps://osf.io/jepyb/) are both available on the Open Science Framework. 

The subset dataset consisted of 790 participants. In preparation for 
analyses, all rows containing missing participant ID’s were removed, 
resulting in 789 participants. Rows containing missing information on 
day number were removed, with 778 participants remaining. Because 
the dataset had been cleaned prior to the current study, there was only 
one participant who had responded to less than 30% of the ESM evening 
questionnaires and this participant was removed. Removing instances 
where daily most negative event was rated as pleasant (1 or higher on a 
− 3 to +3 scale, − 3 = “Very unpleasant”, +3 = “Very pleasant”) resulted 
in 753 participants remaining. Removing instances where daily most 
positive event was rated as unpleasant (− 1 or lower on a − 3 to +3 scale, 
− 3 = “Very unpleasant”, +3 = “Very pleasant”) resulted in 750 par-
ticipants remaining. In these cases, participants were only removed if 
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they reported all negative events as positive or all positive events as 
negative, otherwise, only specific instances were removed. Finally, 
participants older than 25 were removed, resulting in a final sample of 
713. The ESM compliance rate of the final sample was 73%, meaning 
that participants had completed the daily diary on 4.4 days on average. 
Finally, in the current study variables were not centered, as recom-
mended by Kelley, Evans, Lowman, and Lykes (2017). This was to avoid 
adding additional random error into the variables, as random mea-
surement error may lead to substantially biased coefficient estimates in 
multilevel analyses (Kelley et al., 2017). 

2.3.2. Power analysis 
Because formal guidelines for procedures to estimate power for 

mixed multilevel analyses have not yet been provided, we piloted a 
power analysis procedure for these types of models as a part of the 
current study. We performed a Monte Carlo simulation (Arend & 
Schäfer, 2019; Bolger, Stadler, & Laurenceau, 2012) to test the following 
model:  

Yti = β00 + β01Zi + β10Xti + β11ZiXti + v0i + v1tiXti + εti                           

Where Yti is the time-varying level 1 outcome variable (e.g. rumi-
nation) at time t for individual i. Zi is a time-invariant level-2 variable 
(psychopathology) and Xti is a time-varying level-1 variable (intensity) 
at time t for individual i. The random effects v0i and v1ij capture the in-
dividual differences in Yti around the mean levels of the independent 
variables. The errors εti capture specific variations around the individual 
mean. The grand mean is represented by β00. Further, β01 represents the 
effect of Zi, β10 represents the effect of Xti and β11 the interaction effect. 

We generated 1000 Monte Carlo samples of the model and estimated 
the model for each simulated dataset. Using these 1000 fitted models, 
we tested the null hypothesis of the model for a significance level of the 
type I error alpha = 0.05, for each parameter. We then summed up the 
number of times the effect was significant. The number of samples in 
which the null hypothesis was rejected given the sample size N repre-
sented the power for detecting the effect. In order to estimate effects, we 
generated 100 bootstrapped samples of size 1/3 of the total dataset. We 
then estimated the model with age and gender as covariates. Using the 
100 bootstrapped samples, we calculated the mean of each parameter (i. 
e., effect) of interest. Based on these parameters, the power to estimate 
the effect of intensity on emotion regulation outcomes was 0.84–1.00 for 
all outcomes except avoidance. The unstandardized effect size estimates 
ranged from 0.09 to 0.81. The power to estimate the effect of psycho-
pathology on emotion regulation outcomes ranged from 0.06 to 1.00. 
The unstandardized effect sizes of psychopathology, with a range of 
0.001–0.016 in magnitude, were considerably smaller compared to the 
effects of intensity, as the scale of the psychopathology variable was 
larger (see Appendix A for a full overview of parameter estimates and 
power per outcome and independent variable). In sum, the power to 
detect the effect of intensity on most emotion regulation outcomes was 
high. Conversely, the power to detect the effect of psychopathology on 
emotion regulation outcomes varied more and was mostly low (Ap-
pendix A). However, in analyses regarding daily most negative event, 
the power to detect the association between psychopathology and 
rumination was 1.00 and the power to detect the association between 
psychopathology and social sharing was 0.74. 

3. Results 

3.1. Descriptive statistics 

Descriptive statistics and frequency statistics for use of each emotion 
regulation strategy are shown in Table 1 (N = 713). Four participants 
aged younger than 15 (14.22–14.91) were also included in the analyses. 
The analyses were conducted with and without these four participants 
and the exclusion of these participants did not affect the significance or 

direction of effects. For analyses, the psychopathology variable was 
scaled to range from 0 to 4 to have a similar range as the intensity 
variable. 

As seen in Table 1, in response to the most negative event of the day, 
acceptance was the most often used strategy, whereas savoring was the 
most used strategy for positive events. Positive strategies were used 
more often than their negative counterparts. In response to daily most 
negative event, in most instances more than one strategy was used. In 
0.5% of negative events, no strategy was used. Across all negative 
events, one strategy was used in 1.9% events, two were used in 4.6% of 
events, three were used in 8.5% of events, four were used in 14.4% of 
events, five were used in 20.7% of events, six were used in 26.3% of 
events, and seven were used in 23.1% of events. Therefore, in 70% of the 
instances, five or more strategies were used. In response to daily most 
positive event, the same pattern was observed. In 5.9% of events, no 
strategy was used, with the use of only one strategy being rare, 13.0%, 
and with two strategies being used in 31.2% of events, and three stra-
tegies used in 49.3% of events. 

3.2. The most negative event of the day 

3.2.1. Total emotion regulation effort 
Presented in Table 2, intensity (i.e., how unpleasant the event was 

rated) was significantly associated with total emotion regulation effort, 
such that more unpleasant events were associated with more total effort 
to regulate emotions. Psychopathology was not associated with total 
emotion regulation effort. Likewise, the interaction between psychopa-
thology and intensity was not significant. The covariate age was not 
associated with total effort, while the covariate gender was significantly 
associated with total effort such that females reported more emotion 

Table 1 
Descriptive statistics. N = 713.   

Variable Mean 
(SD) 

Median Range % of 
use 

Demographics Age 17.6 
(2.3) 

16.1 14.2–24.6  

Gender (% 
females) 

57.8 – –  

Psychopathology Depression, 
Anxiety, 
Psychoticism, 
Paranoid 
ideation (sum) 

18.6 
(19.2) 

12.0 0.0–142.0  

Daily most 
negative event 

Acceptance 4.4 
(1.8) 

5.0 1.0–7.0 88.3% 

Reappraisal 4.5 
(1.8) 

5.0 1.0–7.0 88.1% 

Avoidance 4.2 
(1.9) 

4.0 1.0–7.0 86.1% 

Situation 
modification 

3.3 
(2.0) 

3.0 1.0–7.0 70.0% 

Rumination 3.1 
(2.0) 

3.0 1.0–7.0 66.7% 

Expression 3.1 
(2.0) 

3.0 1.0–7.0 65.8% 

Sharing (%yes) 51.6 – – 51.6% 
Total emotion 
regulation effort 

22.4 
(5.1) 

23.0 6.0–36.0  

Number of 
strategies 

5.2 
(1.6) 

5.0 0.0–7.0  

Event intensity − 1.6 − 1.0 − 3.0–0.0  
Daily most 

positive event 
Savoring 4.4 

(1.9) 
5.0 1.0–7.0 86.9% 

Expression 3.9 
(2.0) 

4.0 1.0–7.0 76.8% 

Sharing (%yes) 60.8 – – 60.8% 
Number of 
strategies 

2.3 
(0.9) 

2.0 0.0–3.0  

Event intensity 2.3 
(0.9) 

3.0 0.0–3.0   
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regulation effort in response to daily most negative events. 

3.2.2. Strategy diversity 
As with total effort, intensity was significantly associated with the 

number of selected strategies, such that more intense events were 
associated with the employment of more strategies (Table 2). In 
response to the most negative event of the day, psychopathology was not 
associated with the number of employed strategies. The interaction 
between psychopathology and intensity was not significant. The co-
variate age was significantly positively associated with the number of 
employed strategies. Being female was significantly associated with the 
employment of more strategies per daily most negative event. 

3.2.3. Specific strategies 
Higher negative intensity was significantly associated with more 

rumination, situation modification, and expression, such that as events 
were rated as more unpleasant, more effort within these strategies was 
employed. Higher negative intensity was also associated with higher 
odds of engaging in sharing, such that a unit of increase in negative 
intensity was associated with a 1.55 higher odds of sharing. Lower in-
tensity was associated with more acceptance and more reappraisal. 
Psychopathology was also not significantly associated with the 
employment of any specific strategy in response to daily most negative 
event, with the exception of a significant positive association with 
rumination and a close-to-significant negative association with sharing 
(Table 2). Psychopathology was associated with sharing such that a one 
unit increase in psychopathology (scaled to the range 0–4) was associ-
ated with a 1.72 times lower odds of talking to someone about the most 
negative event of the day, however, this association was not significant 
when the Bonferroni correction was applied (p < 0.014). The interaction 
between psychopathology and intensity was not significant. The co-
variate age was associated with using reappraisal significantly more. 
Finally, being female was significantly associated with ruminating and 
expressing emotions more, and with using acceptance less. 

3.2.4. Psychopathology and negative intensity 
The intensity of the most negative event of the day was significantly 

associated with psychopathology, such that higher psychopathology 
was associated with rating the most negative event of the day as more 
unpleasant (Table 4). Covariates age and gender were not significantly 
associated with the intensity of daily most negative events. 

3.3. The most positive event of the day 

3.3.1. Strategy diversity 
In response to the most positive event of the day, intensity of the 

positive event (i.e., how pleasant the event was rated as) was signifi-
cantly associated with the employment of more strategies per event 
(Table 3). Psychopathology was not associated with the number of 
employed strategies. The interaction between psychopathology and in-
tensity was not significant, in line with the results regarding daily most 
negative events. The covariate age was significantly positively associ-
ated with the number of selected strategies, and being female was 
associated with the employment of more strategies. 

3.3.2. Specific strategies 
Consistent with results regarding daily most negative event, in 

response to the most positive daily event, intensity was significantly 
associated with more use of all strategies, such that higher positive in-
tensity was associated with more savoring, expression, and sharing 
(Table 3). Higher positive intensity was associated with sharing such 
that per unit of increase in positive intensity, the odds of sharing were 
1.90 times higher. Psychopathology was not associated with the use of 
any specific strategy and the interaction between psychopathology and 
intensity was not significant. Age was positively associated with 
savoring related to daily most positive events. Being female was asso-
ciated with more savoring of and expression of emotions in response to 
the most positive daily events. 

3.3.5. Psychopathology and positive intensity 
The intensity of the most positive event of the day was not signifi-

cantly associated with psychopathology (Table 4). Age was not signifi-
cantly associated with positive intensity; however being female was 
associated with reporting the most positive daily event as significantly 
more pleasant. 

3.4. Exploratory analyses 

We explored if negative rumination was associated with positive 
savoring, if expressing emotions in response to negative events was 
associated with expressing emotions in response to positive events, and 
if talking to others about negative events (sharing) was associated with 
talking about positive events with others (Table 4). We found that 
ruminating about negative events was significantly associated with 
savoring positive events. Likewise, we found that expression of emotions 

Table 2 
Negative events. Results of mixed multilevel analyses. Effect size β per independent variable and per emotion regulation outcome.  

Outcome  Psychopathology Intensitya Psychopathology x Intensity Age Genderb 

Total effort β (SE) 0.11 (0.50) − 0.80 (0.13)*** − 0.22 (0.21) 0.13 (0.06) 1.15 (0.27)***  
p-value 0.825 <.001 0.283 0.012 <.001 

Number of strategies β (SE) 0.18 (0.16) − 0.28 (0.04)*** − 0.07 (0.06) 0.07 (0.02)*** 0.37 (0.08)***  
p-value 0.282 <.001 0.262 <.001 <.001 

Rumination β (SE) 0.67 (0.15)*** − 0.72 (0.05)*** 0.01 (0.07) 0.03 (0.02) 0.33 (0.09)***  
p-value <.001 <.001 0.883 0.070 <.001 

Situation modification β (SE) 0.16 (0.17) − 0.24 (0.05)*** − 0.02 (0.08) 0.02 (0.02) 0.13 (0.10)  
p-value 0.346 <.001 0.882 0.313 0.191 

Avoidance β (SE) 0.04 (0.18) 0.07 (0.05) − 0.02 (0.08) − 0.02 (0.02) 0.03 (0.09)  
p-value 0.847 0.158 0.756 0.398 0.701 

Acceptance β (SE) − 0.29 (0.18) 0.25 (0.05)*** − 0.13 (0.08) − 0.03 (0.02) ¡0.36 (0.09)***  
p-value 0.113 <.001 0.102 0.135 <.001 

Expression β (SE) − 0.18 (0.17) ¡0.34 (0.05)*** − 0.10 (0.07) 0.04 (0.02) 0.77 (0.10)***  
p-value 0.277 <.001 0.216 0.060 <.001 

Reappraisal β (SE) − 0.24 (0.18) 0.16 (0.05)** 0.04 (0.08) 0.07 (0.02)*** 0.17 (0.09)  
p-value 0.197 0.002 0.588 <.001 0.071 

Sharing β (SE) − 0.55 (0.23)* ¡0.44 (0.06)*** − 0.04 (0.10) 0.01 (0.02) 0.45 (0.11)***  
p-value 0.015 <.001 0.658 0.604 <.001 

Note. *p < 0.05, p < 0.01 **, p < 0.001 ***. 
a The scoring of this variable was: − 3 = very unpleasant, 0 = neutral. 
b Betas represent the effect of being female. 
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in response to negative events was associated with more expression in 
response to positive events and that sharing about negative events was 
associated with sharing about positive events (Table 4). We controlled 
for the effect of age and gender. 

Across confirmatory analyses, intensity was consistently signifi-
cantly associated with emotion regulation outcomes. There was also a 
consistent lack of significant associations between psychopathology and 
negative emotion regulation across our analyses, apart from associations 
with rumination and sharing outcomes, despite a large existing litera-
ture supporting the relationship between a variety of emotion regulation 
strategies and psychopathology. Based on this, we explored the results 
after removing intensity from the models with emotion regulation out-
comes and leaving psychopathology in the models. With the removal of 
intensity, psychopathology was significantly associated with more 
emotion regulation outcomes, such that in response to daily most 
negative events, psychopathology was positively associated with total 
emotion regulation effort (β = 0.97, SE = 0.01, p < 0.01), rumination, (β 
= 0.89, SE = 0.10, p < 0.001), situation modification (β = 0.27, SE =
0.11, p < 0.05), and negatively associated with reappraisal (β = − 0.39), 
SE = 0.11, p < 0.001). With the removal of intensity from the models on 
emotion regulation outcomes regarding daily most positive event, psy-
chopathology was significantly negatively associated with positive 
savoring (β = − 0.31, SE = 0.14, p < 0.05.) 

At the suggestion of a reviewer, we also conducted all confirmatory 
analyses on the total group again by replacing the composite 

psychopathology measure with the anxiety, depression and psychoti-
cism subscales separately. We did not observe notable difference in the 
direction or magnitude of effects in general. However, we observed that 
anxiety was negatively associated with acceptance (β = − 0.18, SE =
0.08, p = 0.026) while intensity was controlled for and intensity was still 
significantly negatively associated with acceptance as well (β = − 0.44, 
SE = 0.06, p < 0.001). The results of these additional exploratory ana-
lyses are reported in Appendix C. 

3.5. Sensitivity analyses 

Because the sample included a broad age range, the total sample was 
divided into age groups: older adolescents aged 15–18 (N = 582), ado-
lescents transitioning to adulthood aged 19–22 (N = 115) and young 
adults aged 23–25 (N = 16). This was a deviation from the sensitivity 
analysis outlined in the post-registration of this study (comparison be-
tween age groups 15–20 and 21–25). The deviation was motivated by 
community feedback, in order to better represent the distinction be-
tween older adolescence and the transitional period between adoles-
cence and adulthood. Because the young adults group (N = 22–25) was 
too small to be sufficiently statistically powered, we conducted all an-
alyses separately for the older adolescent group (aged 15–18) and the 
transitional group (aged 19–22). The direction and strength of the as-
sociations for the confirmatory analyses in the older adolescent group 
did not differ considerably from the total sample (Appendix B). 

Table 3 
Positive events. Results of mixed multilevel analyses. Effect size β per independent variable and per emotion regulation outcome.  

Outcome  Psychopathology Intensitya Psychopathology x Intensity Age Genderb 

Number of strategies β (SE) 0.02 (0.11) 0.20 (0.03)*** − 0.02 (0.04) 0.03 (0.00)** 0.25 (0.05)***  
p-value 0.827 <.001 0.633 0.002 <.001 

Savoring β (SE) 0.10 (0.20) 0.66 (0.06)*** 0.10 (0.08) 0.06 (0.02)** 0.26 (0.09)**  
p-value 0.618 <.001 0.205 0.002 0.003 

Expression β (SE) 0.03 (0.21) 0.44 (0.06)*** 0.00 (0.00) 0.06 (0.02)* 0.63 (0.11)***  
p-value 0.890 <.001 0.950 0.015 <.001 

Sharingc β (SE) 0.11 (0.28) 0.64 (0.08)*** − 0.18 (0.11) − 0.02 (0.03) 0.54 (0.13)***  
p-value 0.672 <.001 0.10 0.563 <.001 

Note. *p < 0.05, p < 0.01 **, p < 0.001 ***. 
a The scoring of this variable was: 0 = neutral, 3 = very pleasant. 
b Betas represent the effect of being female. 

Table 4 
Results of mixed multilevel analyses. The effect size β of psychopathology and covariates on the experience of intensity of daily most negative and positive event and 
the associations between positive and negative emotion regulation.   

Outcome   
Age Gendera Psychopathology Rumination negative 

event 
Expression negative 
event 

Sharing negative 
event  

Intensity negative 
event 

β (SE) 0.02 (0.02) 0.02 (0.05) ¡0.36 (0.06)***      

p- 
value 

0.170 0.695 <.001     

Intensity positive 
event 

β (SE) 0.00 (0.01) 0.16 (0.05) 
** 

− 0.05 (0.05)      

p- 
value 

0.674 <.001 0.267     

Savoring positive 
event 

β (SE) 0.05 (0.02) 
** 

0.33 (0.09) 
**  

0.08 (0.02)**     

p- 
value 

0.008 <.001  <.001    

Expression positive 
event 

β (SE) 0.05 (0.02) 
* 

0.48 (0.10) 
***   

0.20 (0.02)**    

p- 
value 

0.013 <.001   <.001   

Sharing positive event β (SE) − 0.03 
(0.06) 

0.49 (0.12) 
***    

0.57 (0.10)***   

p- 
value 

0.603 <.001    <.001 

Note. *p < 0.05, p < 0.01 **, p < 0.001 ***. 
a Betas represent the effect of being female. 
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However, some notable differences were observed for confirmatory 
analyses in the transitional age group. For negative events, the rela-
tionship between event intensity and sharing was no longer significant, 
(β = − 0.08, SE = 0.19, p = 0.65), while we observed an interaction 
effect of psychopathology and event intensity on sharing (β = − 0.76, SE 
= 0.31, p = 0.016). As event intensity was reverse-coded, the interaction 
indicates that with increasing psychopathology, the relationship be-
tween event intensity and sharing also increased in the group aged 
19–22. 

For positive events, the transitional group also differed from the total 
sample in the relationship between intensity of positive events and 
psychopathology. While in the total sample, psychopathology was not 
associated with the intensity of positive events, in the transitional group 
higher psychopathology was associated with experiencing positive 
events as less pleasant (β = − 0.26, SE = 0.11, p = 0.017). Important to 
note, however, is that with the application of the Bonferroni correction 
(p < 0.007 as significant), these differences should be interpreted 
cautiously. All results from sensitivity analyses can be seen in Appendix 
B. 

3.6. Outliers 

Following post-registration, when conducting analyses we became 
aware that the range of the psychopathology variable was large, with an 
average score of 18.6 and a range of 0–149. Therefore, all confirmatory 
analyses were also conducted without outliers on the psychopathology 
variable (±3 standard deviations from the mean). This resulted in the 
removal of 14 participants, all in the +3 standard deviations bound. The 
removal of these outliers affected two results of confirmatory analyses: 
higher psychopathology was associated with a larger number of emotion 
regulation strategies employed in response to the most negative event of 
the day (β = 0.22, SE = 0.09, p = 0.015), and higher psychopathology 
was negatively associated with sharing in response to the most positive 
event of the day (β = − 0.33, SE = 0.13, p = 0.012). These models also 
included intensity as a predictor. Psychopathology was associated with 
sharing about positive events such that a one standard deviation in-
crease in psychopathology was associated with a 1.28 lower odds of 
engaging in sharing about positive events. 

4. Discussion 

We investigated the role of psychopathology and event intensity, on 
daily emotion regulation in a large youth sample. The intensity of the 
most negative event of the day was positively associated with total 
emotion regulation effort, number of strategies, rumination, situation 
modification, expression, and sharing, supporting hypothesis 1. Con-
trary to hypothesis 1, intensity of negative events was negatively asso-
ciated with acceptance and reappraisal. Higher psychopathology was 
only significantly associated with ruminating more about the most 
negative event of the day, and therefore hypothesis 2 was partially 
supported. We did not observe a significant interaction effect between 
psychopathology and intensity of negative events and emotion regula-
tion outcomes in adolescents aged 15–18. However, we found that the 
relationship between intensity of negative events and sharing increased 
with higher psychopathology in adolescents in transition to adulthood 
(aged 19–22) and thus hypothesis 3 was partially supported. We also 
observed that higher psychopathology was positively associated with 
experiencing daily negative events as more intense, as hypothesized. 

The intensity of the most positive event of the day was associated 
with more emotion regulation effort per strategy and the employment of 
more strategies per event, supporting hypothesis 4. In response to pos-
itive events, higher (relative to lower) psychopathology was not asso-
ciated with emotion regulation effort per strategy or the employment of 
strategies, contradicting hypothesis 5. Further, regarding positive 
events, we did not observe a significant interaction between psychopa-
thology and intensity on emotion regulation outcomes (hypothesis 6). 

Finally, psychopathology was not associated with the intensity of the 
most positive event of the day for 15-18-year olds, contradictory to the 
hypothesis. As hypothesized however, in the group of adolescents in 
transition to adulthood, higher psychopathology was associated with 
experiencing the most positive event of the day as less positive. 

Overall, we observed consistently significant relationships of in-
tensity of both positive and negative events with emotion regulation 
outcomes. In contrast, when we accounted for event intensity, higher 
psychopathology was only related to ruminating more about negative 
events, and slightly lower odds of discussing negative events with 
others. Polyregulation, the use of multiple strategies in response to one 
event, stimuli, or emotion (Ford, Gross, & Gruber, 2019), was likewise 
observed in response to positive and negative events and found to be 
positively associated with event intensity. Moreover, exploratory ana-
lyses showed positive covariances between daily emotion regulation 
responses across positive and negative events. Finally, we explored as-
sociations of age and gender with emotion regulation. In general, fe-
males regulated emotions more, and there appeared to be a positive 
relationship between age and positive savoring, positive expression, the 
number of strategies employed per positive and negative events, as well 
as age and reappraisal in response to negative events. 

4.1. Event intensity and daily regulation of negative emotions 

Intensity of the most negative event of the day was positively asso-
ciated with the majority of emotion regulation outcomes, as hypothe-
sized. In contrast to our hypotheses, acceptance and reappraisal were 
used more when intensity was lower, suggesting that these two strate-
gies are exceptions to the rule that greater intensity of negative events is 
associated with more emotion regulation effort. In a sample of younger 
adolescents, Lennarz et al. (2019) found that the odds of engaging in 
acceptance in daily life increased as reported negative emotional in-
tensity decreased, but did not find reappraisal to be significantly asso-
ciated with intensity. Two possible explanations may account for the 
difference in findings on the relationship between reappraisal and in-
tensity. First, it may be that adaptive use of reappraisal at lower 
emotional intensities is a skill that develops over time and is therefore 
more prevalent in older adolescence. Second, the power to detect the 
effect in the present study was high and likely higher than in the smaller 
sample in Lennarz et al. (2019) study. In contrast, current findings on 
reappraisal do echo those by Sheppes, Scheibe, Suri, and Gross (2011) 
and Sheppes et al. (2014). In their laboratory experiments, adult par-
ticipants were presented with high- and low intensity negative images 
and asked to select if they wanted to regulate their emotions via 
distraction or reappraisal. Consistent with our findings, reappraisal was 
employed more when intensity was lower, suggesting that reappraisal is 
indeed adaptive when used in low intensity situations and that this effect 
can be observed in the controlled laboratory setting (Sheppes et al., 
2011, 2014) and in daily life. 

In the current study, negative event intensity was not associated with 
avoidance, in contrast with the findings of Lennarz et al. (2019), where 
greater negative intensity was associated with higher odds of engaging 
in avoidance. This discrepancy likely reflects important differences in 
ESM items. In the current study, avoidance was assessed with the item “I 
tried to forget about it quickly”, while Lennarz et al. (2019) used the 
item “I avoided the situation where the event occurred”. It could be that 
the item used in the current study captured both a lack of motivation to 
regulate when negative events were less intense, and the active cogni-
tive effort to regulate when events were more intense. This issue is a part 
of broader concern with the lack of validated items in ESM research, as 
well as the absence of established psychometric criteria for ESM items 
(Wright & Zimmermann, 2019). In particular, this matter is extremely 
relevant for psychological phenomena such as emotion regulation stra-
tegies, which are typically only assessed with a single item in ESM 
research. 

A.P. Hiekkaranta et al.                                                                                                                                                                                                                        



Behaviour Research and Therapy 144 (2021) 103916

10

4.2. Event intensity and the daily regulation of positive emotions in youth 

In the current study, we found that in response to the most positive 
event of the day, intensity of the event was positively associated with 
engaging in more emotional expression, sharing, and savoring. This 
finding implies that adaptive emotion regulation includes responding to 
positive events with upregulation and maintenance of the positive affect 
state. To our knowledge, this is the first study to investigate the rela-
tionship between intensity of positive events and emotion regulation 
responses to positive events in daily life. Future studies may extend on 
these findings by investigating the relationship between stimuli in-
tensity and a greater range of positive emotion regulation strategies as 
well as a range of discrete positive emotions. 

4.3. Polyregulation of emotions in daily life 

Overall, the present results suggest that, consistent with Dix-
on-Gordon et al. (2015) and Lennarz et al. (2019), greater intensity of 
daily negative events is associated with more total effort in regulating 
emotions, as well as the employment of more strategies in youth. In a 
recent review, the term polyregulation was introduced to describe in-
stances where people engage in the use of multiple emotion regulation 
strategies simultaneously, or over time, in response to an emotion, 
emotional event or an emotional stimulus (Ford et al., 2019). The cur-
rent results add important insight regarding polyregulation in daily life. 
In this study, five or more strategies were used in most instances of 
regulating emotions in response to a negative event. As participants 
reported on the use of different strategies at the end of the day in 
response to an event that occurred at some point during the day, the 
findings may reflect the use of several strategies simultaneously or over 
the course of the day. This finding is in line with Heiy and Cheavens 
(2014), who also found that on average, adults used seven strategies to 
regulate their negative emotions in response to a single event in daily 
life. Research from the coping literature that used retrospective mea-
sures has also shown that people indeed report using more than one 
strategy in almost all (98%) instances of coping (Folkman & Lazarus, 
1980). The current findings also add to those of Lennarz et al. (2019), 
who found that when sampled over a short time frame of 90 min, ado-
lescents used (on average) 1.2 strategies when regulating negative 
event-related emotions and in most instances (87% of the time) used 
only one strategy. Together these findings suggest that in youth, within 
1–2 h of a negative event, one emotion regulation strategy is likely to be 
employed, but as the day continues, several more strategies are likely to 
be implemented as well. 

The differences in the number of employed strategies per event 
observed in different age groups may also reflect the maturation of 
emotion regulation, such that over time, emotion regulation repertoire 
grows and the degree of polyregulation increases. Indeed, our results 
support this account, as age was associated with the use of more stra-
tegies in response to negative events. In the current study, it is also 
possible that participants’ emotions regarding the event changed over 
the course of the day and that different strategies may have been 
employed in response to different emotions. A more fine grained 
investigation of the course of emotion regulation in response to a single 
event and corresponding emotions over time is necessary to explore this 
possibility. Moreover, the list of strategies included in the current study 
is a selection from a larger possible repertoire of strategies. Therefore, it 
may be that the degree of event-related polyregulation observed in the 
current study is also an underestimation. Thus, future studies of daily 
emotion regulation in youth will benefit from the inclusion of as many 
strategies as feasible with the experience sampling method. 

Our findings on polyregulation in response to single positive events 
align with those of Heiy and Cheavens (2014), who found that adults 
engaged in multiple emotion regulation strategies per positive event. 
While in the current study only three emotion regulation strategies in 
response to positive events were included, these results suggest that 

young people respond to positive events with a number of different 
emotion upregulation and maintenance strategies and that the degree of 
polyregulation is positively associated with intensity of positive events. 

Finally, the current results suggest polyregulation is the normative 
response to both daily positive and negative events in youth. In the 
current study polyregulation may have occurred as the simultaneous 
employment of several strategies at once, overlapping employment, or 
discrete employment over time. This also implies that because poly-
regulation is likely more chaotic and instinctive than strategic, as sug-
gested by Ford et al. (2019), most instances of emotion regulation in 
youth may occur with little deliberation and strategizing. Therefore, the 
term ‘emotion regulation response’ may indeed describe the regulation 
that young people engage in better than the term ‘emotion regulation 
strategy’. 

4.4. Momentary and stable relationships between psychopathology and 
emotion regulation 

When we controlled for event intensity, higher psychopathology was 
only associated with ruminating about the most negative event of the 
day more, and with talking to someone about the most negative event of 
the day less (i.e., sharing), and the latter effect was not significant after a 
Bonferroni correction was applied. This finding is surprising, given that 
a large body of existing literature based on dispositional questionnaires 
has found psychopathology to also be associated with other strategies 
assessed in the current study, such as situation modification, acceptance, 
and reappraisal (Aldao et al., 2010). The findings thus highlight the 
importance of including event intensity in investigations of the role of 
psychopathology in daily emotion regulation. The current results also 
suggest that psychopathology may be associated with rumination in 
daily life through two different pathways. First, it appears that in youth, 
for those with higher psychopathology, rumination occurs regardless of 
event intensity, while for those with lower psychopathology ruminating 
more in response to more intense events may reflect an adaptive con-
tingency of allocating attention to relevant events. Second, we found 
that higher psychopathology was associated with reporting the most 
negative event of the day as more unpleasant. This suggests that the 
positive association between psychopathology and rumination is also 
partly explained by heightened experience of intensity of negative 
events. Moreover, the negative associations observed in previous studies 
between psychopathology and other emotion regulations strategies 
previously labelled as adaptive, such as acceptance and reappraisal 
(Aldao et al., 2010), may also reflect heightened experience of intensity 
of negative events in daily life, rather than the lack of effort in engaging 
in acceptance or reappraisal. Of note, is that it is not possible to draw 
inferences about whether or not participants with higher psychopa-
thology actually experienced objectively more intense negative events in 
their daily lives or if they experienced the same events more intensely 
than those with lower psychopathology. However, psychotic and af-
fective disorders have been associated with experiencing minor daily 
hassles as more intense, a sensitivity that may also increase the risk of 
developing psychopathology (Myin-Germeys et al., 2003; Vaessen et al., 
2017). Therefore, it appears less likely that participants in the current 
study experienced objectively more unpleasant events and rather, that 
they reported heightened emotional reactions to minor negative daily 
events. 

Psychopathology in youth was not associated with the number of 
emotion regulations strategies employed per positive event, with 
savoring positive events, with talking about them with others, or with 
emotional expression. This finding suggest that the psychopathology 
admixture assessed in the current study (i.e., anxiety, depression, and 
psychotic symptoms) does not compromise daily upregulation and 
maintenance of positive emotions in youth. Psychopathology was also 
not associated with reported intensity of the most positive event of the 
day for 15-18-year olds, suggesting that in older adolescence, positive 
daily experiences are not substantively affected by psychopathology. 
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This implies that positive experiences provide a possible source of 
resilience for older adolescents and daily life mental health in-
terventions could benefit from utilizing naturally occurring positive 
experiences. For adolescents in transition to adulthood, however, higher 
psychopathology was associated with reporting slightly less intense 
daily positive events. This discrepancy suggest that an intervention 
utilizing positive experiences may be easier to implement for 15-18-year 
olds, but that 19-22-year olds could benefit from it more. 

We did not find significant interactions between psychopathology 
and negative intensity on any of the emotion regulation outcomes in the 
group of older adolescents (aged 15–19). It may be that in older 
adolescence, psychopathology as measured in the current study, is not 
associated with a lower intensity threshold of engaging in the regulation 
of negative emotions. Alternatively, it is possible that mild psychopa-
thology is not associated with this type of issue in emotion regulation, 
but that rather a transition to more debilitating psychopathology in 
adulthood could be associated with the development of a hypersensitive 
emotion regulation response to negative emotions. However, in the 
group we considered as in transition to adulthood, aged 19–22, a 
sensitivity analysis suggested that the relationship between intensity of 
negative events and talking about them with others (sharing) increased 
with higher psychopathology. This result was not significant when the 
Bonferroni correction was applied, but is nonetheless a notable devia-
tion from other main effects between event intensity and emotion 
regulation. The finding could reflect the development of adaptive 
emotion regulation, as with increasing age, people may be more likely to 
seek support from others in times of greater need. It may be that this 
window of adaptive behavior, or the availability of social support, is 
temporary, as adults with higher psychopathology such as schizo-
phrenia, no longer exhibit a more sensitive threshold to seeking social 
support, while they do exhibit a more sensitive threshold to engaging in 
intrapersonal emotion regulation (Visser et al., 2018). 

4.5. Gender differences 

Gender was included as a covariate in the current study and we did 
not have specific hypotheses relating to this variable, therefore these 
findings are exploratory. In response to the most negative event of the 
day, girls ruminated more, expressed their emotions more, and shared 
more by talking with others, regulated emotion more in total, and with 
more strategies. These results support the tend-and-befriend model of 
stress responses in females (Taylor et al., 2000); expression of emotions 
and sharing may facilitate the development and maintenance of social 
networks. Girls also reported more emotional expression, in line with 
previous research (Fischer & LaFrance, 2015), and sharing in response to 
positive events, further supporting in particular the befriending aspect 
of the tend-and-befriend model. Boys were more likely to report 
acceptance in response to negative events. There were no gender dif-
ferences in the use of situation modification or avoidance in response to 
negative events. Lennarz et al. (2019) also found that girls used all 
strategies except acceptance more often than boys did. Differences in 
emotion regulation were not explained by differences in experienced 
emotional intensity. Previous research using dispositional measures has 
demonstrated that girls begin to ruminate more, report more stress, and 
experience higher symptoms of depression in early adolescence (Jose & 
Brown, 2008). However, we also found that in response to the most 
positive event of the day girls were more likely to report savoring in 
response to positive events, suggesting a general tendency of female 
youths to allocate attention to emotionally salient stimuli in their daily 
lives. 

4.6. The relationship between positive and negative emotion regulation 

Few studies have investigated the relationship between emotion 
regulation in response to positive and negative emotions. In the current 
study, we explored these associations in daily life and found that more 

savoring was associated with more negative rumination and that 
expressing emotions related positive events was positively associated 
with expressing emotions related to negative events, and that positive 
and negative sharing were also positively associated. In contrast to the 
current findings, studies using trait measures have found that the ability 
to downregulate negative emotions and upregulate positive emotions 
appears to be only modestly related (Nelis, Quoidbach, Hansenne, 
Mikolajczak, 2011). In one daily life study of rumination, only 10% of 
people were categorised as multivalence ruminators, based on reporting 
above average amounts of ruminating and savouring in response to daily 
events (Graf, Ramsey, Patrick, & Gentzler, 2016). In addition, in a public 
speech task experiment, negative and positive rumination about the 
speech were only negligibly related Abbott and Rapee, 2004. Given the 
mixed findings, further research is necessary to determine if repetitive 
thought of any valence is indeed trait-like, as has been suggested (Roach, 
Salt, & Segerstrom, 2010) or if savouring and rumination are orthogonal 
processes. Regarding emotion expression across valences, the current 
findings are in line with previous research suggesting that emotional 
expressiveness is associated with other relatively stable factors such as 
gender (Fischer & LaFrance, 2015). Finally, sharing more across positive 
and negative events could reflect the availability of social support, and 
future studies may explore if availability of social support is related to 
sharing in daily life. 

4.7. Strengths and limitations 

The findings of the current study should also be interpreted within 
the context of its limitations. In the current study, the response scale for 
event intensity was short and did not relate to any specific emotions, but 
rather how pleasant to unpleasant the event was experienced as. A 
winder response scale will be useful in further studies. We also note that 
discrete emotions were not assessed in the current study, which limits 
conclusions about the universality of the findings across different posi-
tive and negative emotions. We therefore encourage future research on 
daily life emotion regulation to include discrete positive and negative 
emotions, in addition to contextual factors and mental health variables. 

An important limitation of the current study is also that affect was 
not measured at the time the positive and negative events were taking 
place, but retrospectively at the end of each day of the ESM period (i.e., 
by asking participants to rate the intensity of the most positive and 
negative event of the day). Therefore, the measure of intensity in the 
current study could reflect the result of regulation, as opposed to its 
determinant. Our results on the negative relationship between reap-
praisal and intensity of negative stimuli do, however, align with those 
from lab experiments (Sheppes et al., 2011, 2014). Indeed, if the mea-
sure of intensity used in the current study represented the result of 
regulation, this would suggest that in response to negative events, 
strategies associated with higher negative intensity in the current study 
(i.e., social sharing, expression, situation modification, and rumination) 
are less effective than strategies associated with lower intensity (i.e., 
reappraisal and acceptance). However, in daily diary studies, sharing 
about negative events has been found to be effective (Brans, Koval, 
Verduyn, Lim, & Kuppens, 2013). Moreover, both sharing and situation 
modification have been found to be more effective in daily life compared 
to reappraisal (Heiy & Cheavens, 2014), suggesting that participants in 
the current study were reporting accurately on the intensity of events as 
opposed to the result of their emotion regulation. Yet, it is possible that 
intense emotions are more difficult to regulate and more persistent (Tull 
& Aldao, 2015), and the measure of intensity in the current study may 
therefore reflect both current emotions and emotions at the time of the 
event simultaneously. Finally, as the data set did not include 
moment-to-moment measures of emotion regulation and instead par-
ticipants reported on their emotion regulation once a day for six days, 
we note that our ability to draw conclusions about how people generally 
regulate their emotions is limited. 

Even with the limitations described above, this study has numerous 
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strengths, including its ecological validity, the implementation of Open 
Science practices, and the large sample size. The assessment of emotion 
regulation in daily life is an emerging field and poses novel challenges. 
The strength of the evening questionnaire is that it allows participants to 
report on their emotion regulation at a longer time scale, while 
momentary questionnaires may not provide a long enough window for 
most of the consequent emotion regulation to take place across the day 
in response to a single event. However, in order to better tease apart 
emotions from emotion regulation, the development of more sophisti-
cated designs and mobile applications is necessary. For instance, instead 
of asking participants to reflect on how much they think about an event 
or how often it reappears on their mind, we may rather calculate this 
information from data about thoughts that participants record 
throughout the day and provide participants with an end-of-the-day, 
user-friendly way to label which of their thoughts regarded the same 
events. 

Another strength of our study is the use of Open Science practices; 
research questions, hypotheses, analysis plan, and code were (post) 
registered (Benning et al., 2019) on the Open Science Framework prior 
to data access. Open science practises are presently emerging in ESM 
research, but are not yet commonplace within the field (Kirtley, Lafit, 
Achterhof, Hiekkaranta, & Myin-Germeys, 2021) and with the current 
study we hope to demonstrate some possibilities with registration with 
complex data structures, as well as a potential method of power analysis 
for pre-existing ESM data. 

5. Conclusion 

In the current study, we found that in youth, the intensity of both 
positive and negative events was associated with greater emotion 
regulation effort. The results also suggest that psychopathology and the 
regulation of negative emotions may not be directly related. Rather, it 
appears that increased intensity of daily negative events explains the 
previously reported relationships between psychopathology and many 
emotion regulation strategies. The only exception to this finding was 
rumination, as those with higher psychopathology ruminated more 
regardless of the intensity of negative events. These results emphasise 
the importance of including contextual factors such as intensity when 
relationships between psychopathology and emotion regulation are 
assessed. We also found strong evidence for polyregulation in response 
to both positive and negative events. Finally, the current study is among 
the first to explore the relationship between daily regulation of positive 
and negative emotions in youth and results suggests that general styles 
of emotion regulation may be present across positive and negative 
events. 
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