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Adolescence is a time of heightened risk for the development of psychopathology. Difficulties in emo-
tion regulation and heightened levels of self-criticism are two processes that have been proposed as criti-
cal risk factors. Considering the accumulating evidence that risk factors rarely work in isolation, there is
a pressing need to examine how self-criticism and emotion regulations strategies interact. The present
study utilizes a network analysis approach to address this goal. One-hundred thirty-five children and
adolescents (ages 8—15) completed daily-diaries every evening for 21 days (total N of assessments =
2,564), reporting self-criticism and use of emotion regulation strategies focused on negative and positive
emotions. Network analysis was applied to estimate contemporaneous, temporal, and between-person
networks. Results show that emotion regulation strategies are generally positively associated with each
other at the within and between individual levels. As predicted, self-criticism was positively associated
with rumination and dampening at the between and within-person networks; unexpectedly, problem-
solving also clustered with them in the contemporaneous network. Moreover, problem-solving led to
next-day increases in rumination and dampening, whereas self-criticism led to next-day increases in
rumination but decreases in dampening. Finally, distraction in response to negative affect was closely
tied with strategies that up-regulate positive affect. Collectively, these results shed light on the complex

pathways through which self-criticism and emotion regulation interact over time.
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Adolescence is marked by many significant social, psychologi-
cal, and biological changes, including increased emotionality and
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changes in brain development (Rapee et al., 2019). Two critical
developmental challenges during adolescence are the development
of self-concept and heightened emotionality (Compas et al., 2017;
Harter, 2015; Rapee et al., 2019). Although most children and ado-
lescents successfully cope with these challenges, others do not and
may be at increased risk for the development of psychopathology.
Indeed, several disorders emerge or significantly increase during
adolescence (e.g., depression, social anxiety; Kessler et al., 2005).
Many of these disorders are characterized by heightened dysregu-
lation of negative mood and distress regarding social evaluation
(Casey et al., 2014; Rapee et al., 2019; Rodman et al., 2017).

The Development of Self-Concept

A central developmental challenge during adolescence is the devel-
opment of a positive self-concept (Becht et al., 2016; Klimstra et al.,
2010; Pfeifer & Berkman, 2018; Rapee et al., 2019). During adoles-
cence, children begin to depend on their caregivers less and develop
their independent self-concept (Blatt & Zuroff, 1992; Kopala-Sibley et
al., 2015), which becomes more complex and differentiated (Barendse
et al., 2020; Byme & Shavelson, 1996; Harter, 2015; Pfeifer & Berk-
man, 2018). Deficits in the development of self-concept during adoles-
cence lead to higher levels of self-criticism (Kopala-Sibley et al., 2015).

Higher levels of self-criticism prior to adulthood are associated
with increased vulnerability to emotional disorders that often emerge
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during adolescence, including depression, eating disorders, and social
anxiety (e.g., Blatt & Zuroft, 1992; Fennig et al., 2008; Kopala-Sib-
ley et al., 2014). Given the involvement of negative self-referential
processing in many disorders, research on self-criticism in adoles-
cence is particularly important (e.g., Lemogne et al., 2012).

Emotion Dysregulation

Adolescence is a developmental period characterized by an
imbalance between increased emotionality and protracted develop-
ment of regulatory circuits, rendering adolescents particularly vul-
nerable to the development of emotional disorders (Casey et al.,
2010). Thus, another developmental challenge for adolescents is
learning how to regulate their emotions. In contrast to infancy and
childhood, when regulation largely depends on the caregiver
(Eisenberg et al., 2010), adolescents need to learn how to regulate
their emotions independently. Multiple studies have shown that def-
icits in emotion regulation is associated with increased risk for psy-
chopathology in adolescence and beyond (for example, Compas et
al., 2017; Dixon-Gordon et al., 2015; Flett et al., 2011; Mennin et
al., 2007; Nolen-Hoeksema et al., 2007; Svaldi et al., 2012).

Although self-criticism is sometimes conceptualized as an emo-
tion regulation strategy (e.g., Aldao & Nolen-Hoeksema, 2012),
only a few studies examined how self-criticism and emotion regu-
lation interact. A prospective longitudinal study with adolescents
showed that a self-evaluative vulnerability (assessed using perfec-
tionism and self-worth contingencies, which are closely related to
self-criticism) predicted changes in rumination over a period of
three months (Burwell, 2015). Another study characterized self-
criticism as a feature of state rumination in an adult sample (Bern-
stein et al., 2017). However, no studies, to our knowledge, exam-
ined how self-criticism is related to other emotion regulation
strategies. This gap is concerning because a positive self-concept
is closely related to motivational, affective, and regulatory proc-
esses in adolescence (Pfeifer & Berkman, 2018; Pfeifer et al.,
2013). The study of associations among risk factors is essential to
understanding how the incidence of psychopathology increases in
adolescence, to prevent the onset of these disorders in adolescents
and later in life (Everaert et al., 2020).

Another lacuna in the literature on emotion regulation in chil-
dren and adolescence is that most research focused on the individ-
ual contribution of specific emotion regulation strategies. However
emotion regulation strategies usually work in concert (Ford et al.,
2019). Accordingly, recent studies on emotion regulation in chil-
dren and adolescence started focusing on profiles of emotion regu-
lation strategies (e.g., te Brinke et al., 2020; van den Heuvel et al.,
2020; Zhang et al., 2019). These type of investigations cluster par-
ticipants into separate groups according to similar emotion regula-
tion profiles. For example, “high regulators” are children and
adolescence who use both putatively adaptive and maladaptive
emotion regulation strategies more than average (van den Heuvel
et al., 2020). However clustering individuals into groups, although
informative about individual differences, does not inform us about
how emotion regulation strategies interact with each other.

One meta-analysis based on 280 studies focusing on how
emotion regulation strategies cluster together (Naragon-Gainey
et al., 2017) revealed a three-factor structure: (a) Disengagement
involves shifting attention to less emotionally salient stimuli
(e.g., distraction, low emotion-focused, and self-focused positive
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rumination); (b) Aversive Cognitive Perseveration is characterized
by overattention to negative cognitions (e.g., rumination and
dampening); and (c) Adaptive Engagement involves a focus on
altering a situation (e.g., problem solving, reappraisal). Impor-
tantly, results from this meta-analysis indicate that the correlations
among different strategies is stronger for adolescents (vs. adults).
A main limitation of the studies examining individuals’ profiles or
the clustering of emotion regulation strategies is their cross-sec-
tional design, which limits our ability to understand how within-
person dynamics of emotion regulation strategies emerge.

Two studies, conducted on adults, examined how emotion regu-
lation strategies clustered across individuals and over time, using
an intensive longitudinal design (Grommisch et al., 2020; McMa-
hon & Naragon-Gainey, 2018). McMahon and Naragon-Gainey
(2018) examined the use of 11 emotion regulation strategies in a
sample of 109 college students who completed a 14-day daily di-
ary and a sample of 129 treatment-seeking adults who completed a
10-day Ecological Momentary Assessment (EMA) with three
daily assessments. Using multilevel exploratory factor analysis,
they uncovered different factor structures in the between- and
within-person levels, which were largely similar in the two sam-
ples. On the between-person level, a two-factor structure emerged
in both samples. One factor included putatively adaptive emotion
regulation strategies and was referred to as engagement (including
reflection, social support, savoring, acceptance, and reappraisal),
whereas the other factor included putatively maladaptive strategies
and was referred to as avoidance (including rumination, behavioral
avoidance, distraction, procrastination, and expressive suppres-
sion). At the within-person level that examined which strategies
were used at the same time-point, a four-factor structure emerged
in the student sample: attentional shift (including reappraisal,
reflection, and experiential avoidance), acceptance (including ac-
ceptance and savoring), avoidance (distraction, rumination, pro-
crastination, and behavioral avoidance), and emotion expression
(low expressive suppression and high social support). The factor
structure in the clinical sample was similar, though it did not
include the acceptance factor.

Similarly, Grommisch et al. (2020) examined the use of 10
emotion regulation strategies in a sample of 179 adults who com-
pleted a 21-day EMA with nine to 10 daily assessment. Instead of
factor analysis, Grommisch et al. (2020) employed a multilevel
latent profile analysis to examine how emotion regulation strat-
egies focusing on negative emotions cluster over time. Similarly to
McMahon and Naragon-Gainey (2018), they too found different
clustering in the between- and within-person levels. At the
between person levels, five profiles emerged. Three profiles
included participants who used all emotion regulation strategies to
the same degree and differed only in the frequency of regulation
(very frequent regulation using all strategies, medium frequency,
and very rare regulation). Two remaining profiles showed prefer-
ence to some strategies over others—one profile was characterized
by using mostly active regulation (situation selection, situation
modification, acceptance, and social sharing), whereas the other
profile was characterized by suppression-focus (a putatively mal-
adaptive strategy). On the within-person level, nine profiles were
identified. Similar to person levels, three profiles were character-
ized by similar use of all strategies at different frequencies, and six
profiles in which specific strategies were used more than others:
(a) situation selection and acceptance, (b) situation modification,
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(c) social sharing with situation modification, (d) suppression with
situation modification, (e) suppression with ignoring, and (f) social
sharing profile.

The results of both studies showed that emotion regulation strat-
egies clustered differently at the between and within-person levels,
and that at least on the person-level, strategies may cluster based on
how maladaptive or adaptive they are. The within-person results
were more variable and thus more difficult to summarize. Impor-
tantly, though both studies examined a large number of emotion
regulation strategies, only one of those studies examined a strategy
focusing on positive emotion regulation (McMahon & Naragon-
Gainey, 2018). Research on the simultaneous use of different emo-
tion regulation strategies—of both negative and positive emotion—
is especially necessary in adolescents, who are beginning to learn
how to select between different emotion regulation strategies as
their cognitive capabilities develop (Dixon-Gordon et al., 2015;
Naragon-Gainey et al., 2017; Zimmer-Gembeck & Skinner, 2011).

Previous studies that examined how emotion regulation strat-
egies are employed in concert used statistical methods that cluster
strategies or the individuals using them, into specific groups
(Grommisch et al., 2020; McMahon & Naragon-Gainey, 2018).
To go beyond these important findings, the present investigation
aimed to understand the interplay between emotion regulation
strategies and self-criticism. To do so, we employed network anal-
ysis. Networks consist of nodes and edges, where nodes represent
the main variables of interest (e.g., self-criticism, strategies) and
edges represent the connections between nodes (Borsboom &
Cramer, 2013). In addition to providing information about how the
nodes cluster together, network analysis can uncover the interac-
tion between them, such as feedback loops (Borsboom & Cramer,
2013). When based on data from intensive longitudinal designs,
network analysis can examine not just between-person associa-
tions but can also examine contemporaneous and temporal rela-
tions among the nodes. In turn, this can help us develop a
comprehensive understanding of which risk factors act at the same
time, and whether they precede one another (English & Eldesouky,
2020; Hoorelbeke et al., 2019). Thus, the comprehensive interac-
tive networks that are uncovered by this analysis can help us
achieve a more complete understanding of risk mechanisms.

The Present Study

The present study extends the literature on self-criticism in ado-
lescents by using intensive longitudinal data instead of a one-time
assessment (or several times, in the case of longitudinal studies) to
examine the interaction between self-criticism and emotion regula-
tion strategies. By examining between- as well as within-individ-
ual associations over time, the present study contributes to the
understanding of how these transdiagnostic risk factors interact
with one another over time. We examined six emotion regulation
strategies: three emotion regulation strategies in response to nega-
tive affect, and three in response to positive affect.

In response to negative affect we examined rumination, which
consists of repeatedly dwelling on a negative emotion or event
(Abela & Hankin, 2011; Aldao et al., 2010; Hoff & Muehlenkamp,
2009; McLaughlin et al., 2011; Nolen-Hoeksema et al., 2007;
Schifer et al., 2017), problem-solving, which refers to individuals’
conscious attempts to resolve distress by changing the situation
(Aldao et al., 2010; Becker-Weidman et al., 2010; Bell &
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D’Zurilla, 2009; Schifer et al., 2017; Siu & Shek, 2010), and dis-
traction, which refers to diverting one’s attention away from the
stimulus causing distress to something else (Abela et al., 2007;
Compas et al., 2017; Webb et al., 2012).

In response to positive affect, we examined dampening, which
refers to downgrading the significance of a positive event (Gent-
zler et al., 2013; Gilbert et al., 2017; Gomez-Baya et al., 2017;
Nelis et al., 2016), emotion-focused positive rumination, which
refers to focusing on the emotional sensations experienced in that
positive mood state (Bijttebier et al., 2012; Feldman et al., 2008;
Gilbert et al., 2017; Shapero et al., 2015; Verstraeten et al., 2012),
and self-focused positive rumination, which refers to the attribu-
tion of positive affect to one’s own positive qualities or personal
goal achievement (Bijttebier et al., 2012; Feldman et al., 2008;
Gilbert et al., 2013, 2017; Gomez-Baya et al., 2017; Nelis et al.,
2016). Positive ruminations are also known as savoring in the
emotion regulation literature (Bryant, 2003; Li et al., 2017; Martin
& Tesser, 1996; Quoidbach et al., 2010; Wood et al., 2003).

The present study was exploratory in nature; given the dearth of
previous literature that conducted similar analyses, our hypotheses
are broad and do not include all possible associations that are
examined in our analyses.

We hypothesized that (a) emotion regulation strategies would be
correlated across all levels of analysis (i.e., between and within sub-
jects, as well as across time), given the significant associations dem-
onstrated between emotion regulation strategies (McMahon &
Naragon-Gainey, 2018; Naragon-Gainey et al., 2017). Specifically,
we hypothesized that strategies focusing on negative mood (rumi-
nation, distraction, and problem-solving) would be closely associ-
ated with one another, forming a subcluster while strategies
focusing on positive mood (dampening, emotion-focused and self-
focused positive rumination) would form another subcluster (i.e.,
would be clustered closer together). (b) We hypothesized that self-
criticism would be most closely tied to emotion regulation strat-
egies that putatively act as risk factors for psychopathology, partic-
ularly rumination and dampening. Because depressive symptoms
are highly associated with both self-criticism and emotion regula-
tion strategies (e.g., Bakker et al., 2019; Ehret et al., 2015), we con-
ducted all the analyses with and without depressive symptoms in
the model, to be able to rule it out as an alternative explanation.

Method

Participants

All procedures have been approved by Yale University Institutional
Review Board. One hundred forty-eight children and adolescence
were recruited via flyers in the university area, Craigslist, and on social
media. Ads invited 9- to 15-year-old children and adolescents to partic-
ipate in a daily-diary study about emotions and social experiences. Par-
ticipants were eligible if they were within the age range and had daily
access to a device connected to the Internet. Participants received $40
if they completed 60% of surveys and $60 if they completed at least
90%. Thirteen participants were excluded; ten completed fewer than
60% of the diary entries, and three participants had more than a third
of the diary days with zero variance in the mood items. The final sam-
ple included 135 children and adolescence (91% of the original sam-
ple; 70 girls). Mean age was 11.85 (range 8—15 because we allowed
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children who would have turned 9 during the diary period to partici-
pate). Table 1 presents demographics according to gender.

Power Analysis

The present study is part of a larger project on emotions and
social interactions. Sample size was determined with a power anal-
ysis conducted using PASS software (https://www.ncss.com/
software/pass), based on data from the first 18 participants and
adjusting for intraclass correlations. According to the power analy-
sis, we needed a sample of 120 participants assuming 80% power
and a two-sided o of .05 to detect main effects of interest in the
larger study. We continued with data collection until 120 partici-
pants completed at least 60% of their daily diaries.

Procedure

Participants came to the lab for an initial visit with a parent.
During the visit, a research assistant reviewed the diary questions
to ensure participants understood the questions and felt comforta-
ble answering them. Participants signed assent forms and their
parents signed consent forms. Then, participants completed a prac-
tice survey and a demographics questionnaire on a lab computer.
Every evening for 21 days, participants received a link via e-mail
to the daily survey which they completed on a secure website
(Qualtrics). Although participants were instructed to complete the
survey before going to bed, the link expired after 14 hr, allowing
them to complete questionnaires the following morning if needed.
All the data was collected between 1/31/2019 and 9/23/2019,
therefore spanning both school year and summer months.

Measures

The present study is part of a larger study on emotions and
social experiences in children and adolescence; only relevant
measures are described. All study materials are available online
osf.io/p6hwv.

Regulation of Negative Mood

To assess regulation of negative mood we adapted six items
from the Children’s Response Style Questionnaire (CRSQ; Abela
et al., 2000). The CRSQ is a self-report questionnaire used to
assess three strategies for regulating negative mood at the trait
level: problem-solving (e.g., “I talked it out with someone I think
can help me feel better”), distraction (e.g., “I did something I
enjoy”), and rumination (e.g., “I thought about: “I’m ruining

Table 1
Demographic Characteristics by Gender
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everything””’). Two items were used to assess each strategy. Items
were rated on 5-point scales, ranging from O (irrelevant - was not
in a bad mood) to 4 (almost all of the time). Instructions and items
were adapted for daily-diary in two ways. First, instead of asking
participants if they used a strategy when they were sad (without li-
mitation of time frame), we asked participants if they had used this
strategy when they were in a bad mood and specified the time
frame from between the previous night to right now (i.e., in the
last 24 hr). We chose to ask about “bad mood” instead of a specific
emotion (sadness) because of the significant variability and
changes in the ability to recognize and verbalize specific emotions
in this age range (Nook et al., 2017, 2018, 2020). Second, we
altered the response scale and added a response option indicating
that the strategy was not used in the last day, thus making it more
appropriate to capture state-level constructs (vs. the original ques-
tionnaire that aims to capture trait-level constructs).

We calculated the between- and within-subject reliabilities
using procedures outlined in Shrout and Lane (2012). For a given
measure, the between-person reliability coefficient is the expected
between-person reliability estimate for a single typical day. The
within-subject reliability coefficient is the expected within-subject
reliability of change within individuals over the daily-diary period.
The between-person and within-person reliabilities were .68 and
.60 for rumination, .69 and .54 for distraction, and .77 and .45 for
problem-solving. These reliabilities are considered acceptable for
within-individual measures, because in intensive longitudinal
design we expect constructs to fluctuate over time; this is in con-
trast to trait-level variability that assumes consistency (Nezlek,
2017; Shrout, 1998).

Regulation of Positive Mood

To assess regulation of positive mood, we adapted seven items
from the Responses to Positive Affect Questionnaire for Children
(RPA-C; Bijttebier et al., 2012). The RPA-C is a self-report ques-
tionnaire assessing three strategies for regulating positive mood at
the trait level: Emotion-focused positive rumination (e.g., “Notice
how you feel full of energy”), Self-focused positive rumination
(e.g., “Think ‘I am the best I could be’”), and Dampening (e.g.,
“Think ‘I do not deserve this’”). We used three items to assess
emotion-focused positive rumination, and two items to assess each
of the other scales. Items were rated on 5-point scales, ranging
from O (irrelevant - was not in a good mood) to 4 (almost all of
the time). Instructions and items were similar to those for regula-
tion of negative mood. Similarly, instead of asking participants to
report which emotion regulation strategies they used when they

Characteristic Boys (n = 65) Girls (n =70) Testing of group differences

Age 11.54 (SD = 2.05, range = 8—15) 12.14 (SD =2.18, range = §—15) 1(133) = 1.66, ns
Caucasian or White 46 (70.8%) 48 (68.6%) %2(6) =3.13, ns
American Indian, Native American, or Alaska Native 0 (0%) 2 (2.9%)

Asian or Asian American 6(9.2%) 4 (5.7%)

Black, African American, or African 5 (7.7%) 5 (7.1%)

Latino or Hispanic 4(6.2%) 4 (5.7%)

Middle Eastern or Arab 2 (3.1%) 3 (4.3%)

Mixed 2 (3.1%) 4 (5.7%)

Note. ns = not significant.
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are happy, we asked about positive mood. The between-person
and within-person reliabilities ranged between fair to moderate
(Nezlek, 2017; Shrout, 1998): .84 and .62 for emotion-focused
positive rumination, .82 and .46 for self-focused positive rumina-
tion, and .66 and .41 for dampening. These reliabilities are consid-
ered acceptable for within-individual measures (Nezlek, 2017;
Shrout, 1998).

Self-Criticism

To assess self-criticism, we adapted three items (as recommended
Shrout & Lane, 2012) from the Self-Rating Scale (SRS; Hooley et
al., 2010), a self-report questionnaire assessing self-criticism. Instruc-
tions were adapted for use of daily diary by asking participants to
rate the extent to which they were currently experiencing self-criti-
cism right now, whereas in the original questionnaire no timeframe is
given. The wording in one of the items was modified to be more suit-
able for children and adolescence (“I often feel inferior to others”
was replaced by “I am worth less than other people,” because the
word “inferior” requires a readability level expected only from our
older participants), but the other two items were identical to the origi-
nal questionnaire. We also made a change to the response scale: the
original scale ranges from 1 to 7, but we chose to have the scale
range only from 1 (very slightly or not at all) to 5 (extremely). This
change was done to reduce participant burden as all other items in
the section of the questionnaire were rated on that scale. The
between-person and within-person reliabilities were .84 and .64.
These reliabilities are considered acceptable for within-individual
measures (Nezlek, 2017; Shrout, 1998).

Depressive Symptoms

To assess depressive symptoms, we used the Children’s Depres-
sion Inventory—short version (CDI-S; Kovacs, 2003). The CDI-S
is a self-report measure consisting of 10 items used to assess se-
verity of depressive symptoms. The short forms similar to the full
measure in its specificity and sensitivity to screen for depression in
children (Allgaier et al., 2012). Each item consists of three senten-
ces representing different degrees of symptom severity (from O to
2), from which the participant needs to choose the ones that
describes them best. Instructions were adapted for use of daily di-
ary by asking participants to choose from each group of sentences
the sentence that describes them best in the moment of answering
the survey. The between-person and within-person reliabilities
were .91 and .75. These reliabilities are considered good for
within-individual measures (Nezlek, 2017; Shrout, 1998). In the
present sample, mean of depressive symptoms was 2.68 (SD =
3.04, range 0—14.94). The score suggested as the clinical cutoff for
the short version is a score =3; thus, 34% of our participants met
this criterion. It should be noted that this ratio of clinical levels of
depressive symptoms is higher than previously-reported for partic-
ipants within this age range, although prior investigations used
trait-level measures rather than daily diary (Salk et al., 2016).

Compliance

On average, participants responded to 19 of the 21 daily diary
surveys (SD = 2; range: 13-21 days); this resulted in 2,564 assess-
ment occasions across participants. Sensitivity analyses indicated
that demographic characteristics (age, gender, race), emotion
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regulation strategy use (rumination, distraction, problem solving,
dampening, emotion-focused positive rumination, self-focused
positive rumination), and self-criticism did not significantly pre-
dict the number of completed daily diary surveys at p < .05.

Statistical Analyses

All analyses were conducted using R 3.6.3 (R Core Team, 2018).
The multivariate time-series data was analyzed using a network
approach based on the multilevel vector-autoregression (mlVAR)
model (Bringmann et al., 2013), as implemented in R-package
mIVAR (Epskamp et al., 2019). The mIVAR package estimates
temporal, contemporaneous, and between-subjects network using
all the data from relevant study variables at the different measure-
ment occasions. The contemporaneous network represents within-
subject relations between the variables within the same time point.
These relations reflect partial correlations after controlling for all
other variables at the same time point and temporal relations
between the variables. The temporal network represents within-sub-
ject lag-1 (i.e., previous time-point) relations between the variables
and represents how a variable is predicted by all other variables in
the network at a previous time point. These lag-1 relations represent
partial correlations between variables because they control for all
other temporal relations in the network. It should be noted that
lagged entries were included in analysis if they were less than 39 hr
from the current entry. We chose 39 hr because two consecutive di-
ary entries could have been 2438 hr apart (because the diary link
was active for 14 hr after sending). Finally, the between-person net-
work represents the pairwise correlations between the mean-levels
of the variables across all days. These pairwise correlations control
for all the other variables in the network and thus reflect partial cor-
relations between mean levels of the variables in the network.
These three networks are estimated via a two-step procedure. The
first step fits a series of multilevel models (one for each variable in
the network) in which a variable measure at time t is predicted by
all within-person centered variables (including itself) measured at
time ¢ — 1. This provides estimates of the temporal effects (pro-
vided by the slopes) and person-specific means (provided by the
intercepts) to estimate between-person correlations. The second
step estimates contemporaneous correlations using the residuals
from the models fitted in the first step. It is then tested how the
residuals of one variable are predicted by the residuals of all other
variables at the same time point.

To investigate the relation between self-criticism and emotion
regulation, the mIVAR analyses included self-criticism and the
use of various emotion regulation strategies (i.e., rumination, dis-
traction, problem solving, dampening, emotion-focused positive
rumination, self-focused positive rumination). Because depressive
symptoms are highly correlated with self-criticism and emotion
regulation (Burwell, 2015), we also run all the models including
depressive symptoms in the model to rule out alternative explana-
tions; Figures S1-S3 in the online supplemental materials present
models with depressive symptoms. The networks were visualized
using the R-package qgraph (Epskamp et al., 2012). In the graphs,
the study variables are represented as nodes and the relations
between the nodes as edges. Node position was determined by the
Fruchterman and Reingold (1991) algorithm, positioning nodes
closer to the center of the graph when they have stronger connec-
tions with other nodes in the network. In the figures, green lines
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represent positive associations and red lines represent negative
associations. The thickness and shading of the edges reflect the
magnitude of the association (thicker and darker edges reflect
stronger associations). Only significant edges are plotted in the
visualized networks, including the coefficients denoting the
strength of the association.

In line with prior work (e.g., Aalbers et al., 2019), the Kwiat-
kowksi-Phillips-Schmidt-Shin (KPSS) unit root tests examined the
stationary assumption in individual time series for each study vari-
able. The KPSS tests indicated that the stationary assumption was
met for all participants and study variables.

Results

Preliminary Analyses

Table 2 displays means, SDs, and intraclass correlation coeffi-
cients (ICCs) for all study variables. The ICC values indicate that
there was considerable variability at both the between-person and
within-person level for each study variable.

Network Models

The contemporaneous network (see Figure 1) revealed two clus-
ters of emotion regulation strategies that tended to co-occur on a
given day. In a first cluster, positive partial correlations emerged
among emotion regulation strategies that serve to regulate positive
emotional experiences. On a given day, participants tended to reg-
ulate their positive emotions through dampening as well as both
emotion-focused and self-focused forms of positive rumination. In
a second cluster, positive correlations occurred among negative
emotion regulation strategies. This suggests that, on a given day,
persons reporting higher levels of rumination also engaged more
in problem-solving and distraction to regulate negative affect.

Interestingly, self-criticism connected the clusters of positive
and negative emotion regulation strategies. Self-criticism was pos-
itively related to both dampening and rumination. Thus, on a given
day, persons reporting higher levels of self-criticism also engaged
in rumination and dampening. Furthermore, there were direct con-
nections between the clusters of emotion regulation strategies. In
particular, emotion-focused rumination was positively related to
distraction. As can be seen in Figure S1 in the online supplemental
materials, this pattern did not change when daily depressive symp-
toms were entered to the model.
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The temporal network (see Figure 2) showed self-criticism uniquely
predicted both rumination and dampening on the next day. Higher lev-
els of self-criticism were related to subsequent increases in rumination
but decreases in dampening. Furthermore, problem solving was related
to higher levels of both dampening and rumination on the following
day. Also, distraction predicted greater self-focused positive rumina-
tion on the next day. Self-focused positive rumination in turn predicted
subsequent increases in emotion-focused positive rumination. Finally,
self-criticism, problem-solving, dampening, distraction, and self-
focused positive rumination had positive auto-regression effects. This
suggests that these factors tended to persist over time. As can be seen
in Figure S2 in the online supplemental materials, this pattern did not
change when daily depressive symptoms were entered to the model.

Finally, the between-person network (see Figure 3) showed that
emotion regulation strategies in response to negative emotions clus-
tered together. Across participants, higher levels of rumination were
related to higher levels of both distraction and problem-solving.
Moreover, the purported adaptive strategies (distraction and problem-
solving) were related to emotion-focused and self-focused positive
rumination. By contrast, rumination was related to higher levels of
dampening of positive emotions and self-criticism. Dampening and
self-criticism were also positively related. As can be seen in Figure
S3 in the online supplemental materials, this pattern did not change
when daily depressive symptoms were entered to the model.

Discussion

The present study is the first to investigate interrelations of two im-
portant transdiagnostic risk factors of psychopathology in adolescents,
self-criticism and emotion regulation, using network analysis in an in-
tensive longitudinal design. Our results show that self-criticism and
emotion regulation strategies are interrelated, and that the pattern of
interrelation is different in the between-person, contemporaneous, and
temporal networks. Four major findings emerged from our analyses.

First, as predicted, emotion regulation strategies were more
strongly and positively interconnected with one another, with sub-
clusters according to target emotion appearing in the contemporane-
ous network, and clustering according to putative adaptiveness in the
between-person network. However, the temporal network revealed a
different picture as detailed below. Second, unexpectedly, problem-
solving in response to negative affect, which is typically considered a
protective factor (Aldao et al., 2010), was closely related to rumina-
tion, and to a lesser degree also to dampening in the within- and
between-person networks. Moreover, the temporal network showed
that problem-solving was related to next-day increases in use of

Table 2
Means, Standard Deviations, and Intraclass Correlation Coefficients

Measure Mwilhin SDwilhin SDbetween Rangewithin Rangebetween ICC
Self-criticism 1.54 0.49 0.68 1.14—-2.40 1-5 .65
Rumination 0.79 0.66 0.52 0.21-2.02 0—4 .39
Distraction 1.20 0.91 0.93 0.27-2.89 0—4 51
Problem-solving 0.94 0.81 0.83 0.19-2.38 0—4 .52
Dampening 1.40 0.64 0.56 0.58—-2.52 0—4 44
EPR1 2.09 0.79 0.83 0.79-3.30 0—4 52
SPR 191 0.74 0.89 0.81-3.06 0—4 .59
Depressive symptoms 2.70 1.82 3.00 0.99-6.14 0-20 .73

Note.

ICC = intraclass correlation coefficients; EPR1 = emotion-focused positive rumination; SPR = self-focused positive rumination.
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Figure 1

Estimated Contemporaneous Relationships Between Self-Criticism and Emotion Regulation Strategies

Estimated contemporaneous relationships

Dampen

0.4

ProbSolve

SelfPosRum

EmoPosRum

Note. Green lines represent positive associations, and red lines represent negative associations. The shading and

thickness of the edges reflect the strength of the associations. Dampen = dampening; SelfPosRum = self-focused pos-
itive rumination; EmoPosRum = emotion-focused positive rumination; Ruminate = rumination; ProbSolve= prob-
lem-solving; Distract = distraction; SelfCrit = self-criticism. See the online article for the color version of this figure.

rumination and dampening. Third, partially supporting our hypothe-
sis, self-criticism was positively associated with rumination and
dampening in the between-person and contemporaneous networks
and predicted next-day increases in rumination in the temporal net-
work. Surprisingly, it predicted next-day decreases in dampening as
well. Lastly, distraction in response to negative affect, although clus-
tering with other strategies focusing on negative affect in the
between-person and contemporaneous networks, was also closely
related to the two types of positive rumination which typically are
related to the upregulation of positive affect. Moreover, the temporal
network showed use in distraction was related only to increases in
positive ruminations. All findings held when depressive symptoms
were entered into the networks.

Emotion Regulation Strategies Are Interconnected

The results from the contemporaneous network support our hy-
pothesis that strategies in response to negative affect (rumination,

distraction, problem-solving) and strategies in response to positive
affect (dampening, emotion-focused positive rumination, self-focused
positive rumination) form subclusters, likely because they are acti-
vated in response to the same emotional target. Indeed, the contem-
poraneous network showed that when examining emotion regulation
strategies on the same day, two main clusters of emotion regulation
strategies emerged: emotion regulation strategies that regulate posi-
tive emotions and strategies that regulate negative emotions. This
finding suggests that on days when children and adolescence regu-
lated their negative or positive affect, they did so using several strat-
egies, not just one. This finding is in line with previous findings in
adults (Heiy & Cheavens, 2014; McMahon & Naragon-Gainey,
2018) and with the idea of “poly-regulation” or the simultaneous use
of multiple emotion regulation strategies (Ford et al., 2019). These
findings extend previous results from adults to children and adoles-
cence, and by using network analysis, a novel approach to assess
poly-regulation in children and adolescence. Additionally, these
results extend prior studies by investigating the interaction of
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Figure 2
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Estimated Temporal Relationships Between Self-Criticism and Emotion Regulation Strategies

Estimated temporal relationships

0.11

SelfPosRum

EmoPosRum

Note.

-0.08

Dampen

0,08

ProbSolve

0.09

Green lines represent positive associations, and red lines represent negative associations. The shading

and thickness of the edges reflect the strength of the associations. Dampen = dampening; SelfPosRum = self-
focused positive rumination; EmoPosRum = emotion-focused positive rumination; Ruminate = rumination;
ProbSolve = problem-solving; Distract = distraction; SelfCrit = self-criticism. See the online article for the

color version of this figure.

emotion regulation strategies in response to both positive and nega-
tive affect together with self-criticism. Interestingly, in the between-
person and temporal networks, emotion regulation strategies did not
cluster according to target affect, as discussed below.

Problem Solving Is Closely Related to Putatively
Maladaptive Emotion-Regulation Strategies

Problem-solving in response to negative mood is generally con-
sidered adaptive (Aldao et al., 2010; Schifer et al., 2017." However,
our findings suggest that we may need to inspect this emotion-regu-
lation strategy more carefully. In the between-person network, our
results were very much in line with previous literature showing the
adaptiveness of problem-solving: It was positively associated with

other strategies focusing on negative affect (i.e., rumination and dis-
traction) and with self-focused positive rumination. This finding
shows that individuals who tend to regulate their negative affect do
it using all strategies—and that specifically people who use prob-
lem-solving also use self-focused positive rumination, a putatively
adaptive strategy (Nelis et al., 2018) to regulate their positive affect.
However, findings from the contemporaneous network began to
diverge from this common interpretation—showing that problem-
solving is clustered with other strategies focusing on negative
affect, but surprisingly is also positively associated with dampen-
ing, a putatively maladaptive strategy focusing on positive affect.

! We thank the anonymous reviewer for their insightful comments on
this section.
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Figure 3
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Estimated Between-Subjects Relationships Between Self-Criticism and Emotion Regulation Strategies

Estimated between-subjects relationships

ProbSolve

Note.

Dampen

SelfPosRum

EmoPosRum

Green lines represent positive associations, and red lines represent negative associations. The shading

and thickness of the edges reflect the strength of the associations. Dampen = dampening; SelfPosRum = self-
focused positive rumination; EmoPosRum = emotion-focused positive rumination; Ruminate = rumination;
ProbSolve = problem-solving; Distract = distraction; SelfCrit = self-criticism. See the online article for the

color version of this figure.

Moreover, the temporal network unexpectedly revealed that prob-
lem-solving is related to an increase in rumination and dampening
on the next day. Thus, it appears that the attempt to solve problems
in response to negative moods can backfire.

There are several possible explanations for this finding. First, this
finding regarding the potentially risk-enhancing aspects of problem
solving is reminiscent of studies examining reflection. Reflection is
defined as attempts to understand the causes for one’s negative
moods and was originally considered an emotion regulation strat-
egy that decreases risk for psychopathology (Miranda & Nolen-
Hoeksema, 2007; Treynor et al., 2003). However, studies on adults
have shown that reflection can lead to increased engagement in
rumination one year later (Miranda & Nolen-Hoeksema, 2007;
Treynor et al., 2003). Although reflection and problem-solving are
distinct processes, they both include focusing on the problem
(Aldao & Nolen-Hoeksema, 2010; Billings & Moos, 1981). In
other words, perhaps by increasing focus on the problem, problem-

solving encouraged a mindset that considers negative aspects—thus
facilitating strategies that are characterized by focus on the nega-
tive, namely rumination and dampening.

A second explanation to this finding may result from the way in
which problem-solving was executed. For example was the prob-
lem thought about in an abstract manner, or a concrete one? It is
possible that our participants used more abstract thinking (vs. con-
crete; Watkins & Roberts, 2020), or were simply ineffective in their
attempts to problem solve, which may then lead to rumination and
dampening. Thus, it is possible that this association results from
failed attempts to problem-solve that “turned into” rumination and
dampening. Indeed, the items we used to assess problem solving
show some overlap with the corumination questionnaire (Davidson
et al., 2014). Further studies looking more closely at these con-
structs are needed to better understand these associations.

A third explanation for these findings may be related to the need
to examine problem-solving in a more fine-grained way. For
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example, it is likely that problem-solving focused on uncontrollable
problems would be ineffective and may increase distress (Hayes et
al., 2006; Lazarus, 1985), whereas problem-solving focused on a
solvable problem, would be effective. This direction of investiga-
tion is in line with growing literature that suggests that emotion reg-
ulation strategies that were traditionally considered as adaptive may
lead to adverse outcomes under certain conditions (Bonanno & Bur-
ton, 2013; Sheppes, 2020). However, most of this literature focused
on reappraisal; the present investigation extends this line of research
to include problem-solving. Overall, these findings call for a more
nuanced categorization of emotion regulation strategies rather than
the current categorization as either maladaptive or adaptive. Addi-
tionally, these findings have important implications for treatment,
as it appears that even an active approach to solving one’s problems
may increase negative mood and may lead to use of emotion regula-
tion strategies that increase risk for psychopathology.

The “Dark Triad” of Risk Factors? Self-Criticism,
Rumination, and Dampening

As predicted and previously found (Grommisch et al., 2020;
McMahon & Naragon-Gainey, 2018), the between-person network
showed strong associations among all risk factors—namely self-
criticism, rumination, and dampening. These findings suggest that
individuals who are more critical of themselves also tend to look
at the negative aspects of both positive and negative affect, form-
ing a triad of risk factors. This triad was found, albeit with weaker
associations, also in the contemporaneous network, showing that
on days in which individuals were more self-critical, they also
used more rumination and dampening. The temporal network
sheds further light on this process—on days following self-criti-
cism, children and adolescence ruminated more. These findings
are in line with literature suggesting that the direction of associa-
tion between self-criticism and rumination is mostly from self-crit-
icism to rumination (Bernstein et al., 2017) as well as with
theoretical conceptualization of self-criticism (e.g., Shahar et al.,
2020). However, to our surprise, self-criticism was related to next-
day decreases in dampening. Future studies are needed to further
understand the temporal associations between self-criticism and
dampening.

A Positive Triad of Emotion Regulation? Distraction
and Positive Rumination Strategies

As predicted, distraction in response to negative affect was
closely related to other strategies focusing on negative affect both
at the between-person and contemporaneous networks. These
results are in line with previous findings (Grommisch et al., 2020)
showing that individuals differ in the degree to which they regulate
their negative affect (i.e., some regulate often, and some rarely,
using a variety of strategies), and not necessarily in the specific
strategies they use. Interestingly, individuals who distract more also
tend to dampen their positive affect less—this is not surprising
because distraction by focusing on positive things (as we assessed
it) is indeed the opposite of dampening that directs attention to the
negative side of things. Moreover, in the contemporaneous network,
distraction was associated not only with strategies focusing on neg-
ative affect, but also with lower levels of self-criticism and higher
levels of emotion-focused positive rumination. Thus, on days in
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which people distracted themselves more they were also less self-
critical and used strategies that upregulate positive affect, suggest-
ing that (at least some types of) distraction incurs benefits beyond
the intended down-regulation of negative affect.

Indeed, the temporal network revealed that on days after chil-
dren and adolescents used distraction, they used more self-focused
positive rumination, which in turn predicted more emotion-
focused positive rumination. These findings elucidate the ways in
which distraction in response to negative affect may be followed
by positive affect, by triggering emotion regulation strategies that
enhance positive affect—forming a positive triad of emotion regu-
lation strategies. Thus, it is likely that distraction increased posi-
tive affect, which led to its upregulation. Similarly, studies have
demonstrated that distraction is significantly associated with
increases in positive affect (e.g., Brans et al., 2013). This could
explain findings that show distraction significantly modulated neg-
ative affect in high-intensity situations (Shafir et al., 2015;
Sheppes et al., 2014; Sheppes & Meiran, 2007; Sheppes et al.,
2015). It should be noted that our distraction items included exclu-
sively distraction via focusing on something positive. Future
research should assess other types of distraction—for example,
distraction by focusing on activities that are not necessarily posi-
tive or “fun,” such as doing chores, homework, or engaging in
sports. This will help uncover the different or similar underlying
“chain reaction” processes by which distraction modulates differ-
ent types of affect.

Strengths and Limitations

The present study is the first to employ network analyses to
understand the interconnection of self-criticism and emotion regula-
tion strategies. Network analysis treats variables as interactive and
examines the patterns of interconnection between them (Borsboom
& Cramer, 2013; Cramer et al., 2010; Lee et al., 2020). Given that
most of the literature investigates how emotion regulation factors
interact with symptoms of psychopathology by assessing only one
emotion regulation strategy and/or emotion regulation factors, these
findings address an important gap in the literature on how these fac-
tors unfold and interact naturalistically. Importantly, the results
from our temporal network sheds unique light on how risk factors
unfold over time.

This study has limitations that should be acknowledged. Our
main limitation is that we assessed our variables only once a day.
Because we do not know the temporal resolution in which the proc-
esses in question unfold, this issue limits our temporal networks in
particular. Higher temporal resolution of assessments is needed to
better capture how risk factors interact during the day. Relatedly,
the measures we used were not designed to assess state constructs,
and the adaptations we made to them may have compromised their
validity. In addition, we used only two items to assess each emotion
regulation strategy, whereas the recommendation is to use three
(Shrout & Lane, 2012); this resulted in low (though acceptable)
reliability, which decreased our power to detect effects and may
have impacted the network edges (i.e., the associations between the
variables). Future studies should adhere to these guidelines.
Another limitation is our reliance on a community sample. This
limits the generalizability of these patterns to clinical samples.
Although the network structure yielded the same results when
depressive symptoms were included in the model, future research
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should investigate whether these present findings replicate for dif-
ferent psychopathologies in adolescence, by comparing network
structures of adolescents with and without psychopathology. Impor-
tantly, the inclusion of depression in the temporal model showed
that none of the risk factors predicted next-day depression; this
could be because of our temporal resolution or because depression
was entered as a sum of all symptoms, thus obscuring important
temporal associations. However, the current investigation focused
on the associations between risk factors; future studies following up
on these analyses are needed. Similarly, future studies could com-
pare network structures for adolescents under stressful conditions
such as COVID-19 or exam period at school, to see whether and
how networks change under stress. Finally, because the present
study—although longitudinal—did not use an experimental design,
no conclusions about causality can be made; for example, third var-
iables may have contributed to the associations we found.

Future Directions

The current study is one of the first steps taken in the study of
emotion poly-regulation using network analysis. One of the ways
in which the current study adds to the literature is its focus on a de-
velopmental period that has been understudied from the perspec-
tive of poly-regulation of emotions (cf. van den Heuvel et al.,
2020), but it is only a first step in this direction. Children and ado-
lescence go through dramatic social and emotional changes in the
age range we included (Rapee et al., 2019). Future longitudinal
studies are needed to examine whether and how network structure
changes from childhood to adulthood, and the possible role of this
interconnected structure in the high comorbidity rates we see in
children and adolescents (vs. adults; Kessler et al., 2005; Melton
et al., 2016). Another important direction for future research arises
from the complexity of our (and other’s; Grommisch et al., 2020;
McMahon & Naragon-Gainey, 2018) results when examining pol-
yregulation. Although it is highly important to understand this
phenomenon in a fine-grained way, the literature could also benefit
from a metric that summarizes this complexity in a useful way (e.
g., network density; Shin et al., 2021). Finally, the current study
examined only six emotion regulation strategies and one additional
risk factor; additional research is needed to examine how other
emotion regulation strategies (e.g., reappraisal, acceptance) and
other risk factors (e.g., perceived social support) add to the net-
works, thus helping us achieve a more comprehensive understand-
ing of risk and resilience.

Clinical Implications

The results of the present study could inform interventions and
treatments. In particular, our temporal network suggests two im-
portant directions for intervention: encouraging children and ado-
lescents to use distraction by focusing on positive activities may
create a positive spiral. Alternatively, the specific combination of
self-criticism and problem solving can lead to increased risk.
Thus, focusing on decreasing self-criticism and adopting effective
ways to problem solve could be beneficial.

GADASSI POLACK ET AL.

Summary

The current study is a unique investigation of how risk and pro-
tective factors interact over time in a sample of children and ado-
lescents, using network analysis. Our study is innovative in its
examination of the contemporaneous, temporal and between-per-
son networks of emotion regulation. These findings are particu-
larly robust given that the associations among emotion regulation
strategies held even when controlling for depression. Our findings
suggest that risk factors interact as a dynamic and interconnected
system, some forming vicious or benevolent cycles. As a result,
these findings elucidate the pathways by which risk factors unfold.
Importantly, our results show how important it is to separate not
only trait-level from state-level findings but also contemporaneous
from temporal associations, as each level of analyses shed differ-
ent light on the associations between risk factors. Overall, these
findings have important theoretical implications for studying risk
factors as highly transdiagnostic and interactive processes. Given
these innovative findings about the interconnected nature of risk
factor processes, more research is needed to understand how these
processes unfold in the context of adolescent development and
how this may explain why there is stronger comorbidity observed
in adolescents.
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