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Abstract

Objectives Mindfulness has been positively associated with affective well-being, which may be explained by improved affective
disengagement from prior experiences.

Methods We used a dynamic network approach to represent temporal interconnections between specific affective states (i.e.,
network density)—with less interconnected states indicating better affective disengagement—to investigate whether mindfulness
predicted a lower network density. One-hundred twenty-five undergraduate students (M age =22.87; SD =5.06 years; 77.6%
female) completed a 40-day ambulatory assessment, reporting on their affective experiences and state mindfulness six times a
day, and either practiced mindfulness or were on a wait-list (control condition).

Results We found that neither the mindfulness training, 3 =—.11, p=.222, nor state mindfulness, 3 =—.06, p = .484, were
associated with affective network density. However, given prior research indicating the importance of prior meditation experi-
ence, we found that participants with prior meditation experience reported lower affective network density when they reported
higher state mindfulness than participants without meditation experiences, 3 =—.20, p =.048.

Conclusion The present study found that neither high levels of mindfulness nor a mindfulness training automatically improved
affective disengagement in the form of lower network density. Rather, it seems that only those who were already familiar with
practicing mindfulness and who were mindful in their daily life experienced easier disengagement from previous affective
experiences. These findings may point toward a different, more complex, understanding of mindfulness in experienced
meditators.

Keywords Dynamic network approach - Affect network density - Affective disengagement - Ambulatory assessment -
Mindfulness training

Mindfulness-based programs have been successfully applied
in a wide array of clinical and non-clinical settings (Carmody
and Baer 2008; Kuyken et al. 2008; Semple et al. 2010), and
these programs have been found to have beneficial effects on
affective well-being, reducing anxiety, distress, negative af-
fect, and the risk of depression relapse (for meta-analyses,
see Khoury et al. 2013, 2015). While a large number of studies
have mainly focused on examining whether mindfulness-
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based programs are effective, there is a growing interest in
understanding how mindfulness and mindfulness-based pro-
grams improve affective well-being. Several studies suggested
that mindfulness may exert its beneficial effects on well-being
by facilitating disengagement or recovery from previous neg-
ative affective experiences (e.g., Britton et al. 2012; Cho et al.
2017). The network approach offers a novel way to examine
how mindfulness improves affective well-being by modeling
temporal interconnections between several affective states
(e.g., Bringmann et al. 2013). Given that the network ap-
proach views affective-wellbeing as a specific system of
interacting affective experiences, it can be used to investigate
the influence of mindfulness on the affect system (also called
emotion system; Pe et al. 2015; Snippe et al. 2017). This
approach then allows researchers to examine the disengage-
ment from previous experiences in daily life.

Although diverging definitions exist, state and trait con-
cepts of mindfulness commonly involve two main
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components (Bishop et al. 2004): (1) maintaining attention on
the present moment to monitor and explore the nature of cur-
rent experiences as they evolve and pass, and (2) a non-judg-
mental, accepting, and calm attitude toward these experiences,
which can also be referred to as equanimity (Desbordes et al.
2015). While attention monitoring helps meditators to notice
affective experiences and states as they arise, an accepting and
calm stance makes it possible to stay even-minded and unbi-
ased toward these experiences, regardless of whether they are
pleasant, unpleasant, or neutral (Desbordes et al. 2015;
Lindsay and Creswell 2017). In this way, affective experi-
ences can unfold and pass in their own time with a mindful
individual seeking neither to prolong nor suppress either
pleasant or unpleasant experiences. Consequently, attention
monitoring and an accepting attitude may help mindful indi-
viduals to notice and accept present experiences, thus facili-
tating the disengagement from affective states that might oth-
erwise persist after a particular situation is already over
(Desbordes et al. 2015).

To examine this disengagement from affective experience,
research has focused on changing affect levels, reflecting the
dynamic nature of affective experiences instead of assuming
them to be static (Frijda 2007). In laboratory settings, partic-
ipants are commonly confronted with affect-relevant stimuli
to allow researchers to observe how their affective reaction
and recovery unfolds over time (i.e., how the intensity of a
specific emotion increases and decreases). For example,
Broderick (2005) found that undergraduate students who re-
ceived a brief induction to enhance state mindfulness, as com-
pared to participants who received a distraction or a rumina-
tion induction, reported lower levels of dysphoric mood di-
rectly after seeing affect-relevant stimuli. In the same vein,
Cho et al. (2017) found dispositional mindfulness to be posi-
tively associated with emotional recovery, in that participants
who were more mindful than others reported less negative
affect when watching a neutral picture that was presented
immediately after a negatively valenced picture. Moreover,
individuals in a mindfulness intervention group, in compari-
son to a control group, reported decreased negative affect after
a laboratory-based stress-induction (in the form of a social
stressor) from pre-to-post mindfulness intervention (Britton
et al. 2012), indicating facilitated emotional recovery.

This promising evidence from laboratory studies has been
complemented by studies examining associations between
mindfulness and disengagement from prior affective experi-
ences directly in a real-life setting, using a so called ambula-
tory assessment approach (Trull and Ebner-Priemer 2013;
Wenzel and Kubiak 2018), to increase ecological validity
(Shiffman et al. 2008). While laboratory studies define affec-
tive recovery as a reduced negative affect level from one time
point to the next, affective inertia indicates how strongly re-
lated affective experiences are from one time point to the next
(Kuppens et al. 2010; Suls et al. 1998). High levels in affective
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inertia can be interpreted as regulatory weakness (De Haan-
Rietdijk et al. 2016), with a reduced ability to disengage from
recent events resulting in previous experiences spilling over
into the future (Suls et al. 1998). Evidence for this assumption
has been provided by Koval et al. (2015), who found in-
creased negative affect inertia to be associated with less neg-
ative affect recovery from negative stimuli in both a laboratory
and a real-life setting.

Affective inertia seems to be driven by impaired disengage-
ment from recent experiences, making inertia a prime candi-
date to examine associations between mindfulness and disen-
gagement from previous affective experiences. High levels of
negative affect inertia have been found to be associated with
lower levels of dispositional mindfulness (Keng and Tong
2016; Rowland et al. 2018), more severe depressive symp-
toms (Koval et al. 2012), low self-esteem, and negative emo-
tionality (Houben et al. 2015; Kuppens et al. 2010), pointing
toward the relevant role that disengaging from previous affec-
tive experiences plays for individuals’ affective well-being in
daily life.

However, Pe et al. (2015) contended that inertia represents
only the spill-over of a single affective state or an aggregated
measure of positive or negative affect, and does not in fact
capture interconnections between several successive affective
experiences, which could fluctuate and interconnect in com-
plex ways. This differentiation is important, as a single affec-
tive state may not only be influenced by the spill-over effect
immediately preceding it, but also by several different affec-
tive states that were experienced and appraised at a prior time
point (Pe and Kuppens 2012). As a following example shows,
several specific affective states may be able to interact with
each other over time. A person may first feel sad after a neg-
ative event has happened. Since this experience may be
interpreted as being unpleasant, this person may develop an-
ger, unintentionally directing negative feelings toward others.
This in turn, may at first result in decreased sadness and may
increase some sort of satisfaction at the next moment. At the
same time, anger may also trigger anxiousness and guilt since
the person did not want to hurt other people, which then again
may increase the level of sadness at the following moment.
However, the feeling of satisfaction may, at the same time,
decrease the subsequent feeling of sadness.

A novel way to consider the complexity of affective
experiences and to examine how mindfulness helps peo-
ple to disengage from previous experiences is by using a
dynamic network approach (e.g., Bringmann et al. 2013;
Borsboom and Cramer 2013; Wichers 2014). In this ap-
proach, each single positive and negative affective expe-
rience is predicted by all other prior affective experiences,
resulting in an interconnected affective system that under-
lies affective well-being (Bringmann et al. 2016b; Pe et al.
2015; Wigman et al. 2015). If an individual finds it diffi-
cult to disengage from previous affective experiences, the
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spill-over of previous affective experiences may impact
the next moment’s experiences, resulting in a strongly
interconnected and rigid pattern of single affective (or
mental) states. In such a case, the affective network would
be defined by high density (Newman 2010), with strong
temporal connections between single affective states
(Bringmann et al. 2016b; Pe et al. 2015). In contrast,
according to the concept of nonjudgmental acceptance or
equanimity (Desbordes et al. 2015; Lindsay and Creswell
2017), mindful individuals should respond even-minded
toward all pleasant, unpleasant, and neutral experiences
in that they neither try to make their present experiences
more or less intense. This means that mindful individuals
should experience their sensations as they occur regard-
less of the quality of past experiences. Even if there was a
strong negative association between previous sadness and
following anger (which seems “better” than a positive
association since anger decreased after sadness), it would
still indicate that less anger depends on previously expe-
rienced sadness and therefore, the present feeling would
have been largely determined by previous experiences in-
stead of situational present experiences (Kuppens et al.
2010; Pe et al. 2015). However, mindful individuals
should have had none or only very few temporal connec-
tions between their present feelings and previous feelings,
indicating better affective disengagement and less spill-
over from prior experiences (e.g., Keng and Tong 2016).
Thus, if an individual has a more open-minded present
awareness and an accepting attitude toward affective ex-
periences, this may be represented by less interconnected
affective states within an affective network: In this sce-
nario, all kinds of experiences—both pleasant and
unpleasant—may be noticed and accepted as they unfold
and pass. In this way, present affective experiences can
become disengaged from prior affective experiences (i.e.,
have low density).

Recent evidence on affect network density further support-
ed the important role that disengagement from prior affective
experiences may play in affective well-being. Both depression
and neuroticism are characterized by automatic negative
thought patterns (e.g., Roelofs et al. 2008), which make it
difficult to disengage from prior negative experiences. Thus,
such thought and affect patterns would be reflected in stronger
interconnected moment-to-moment affective experiences.
This was in fact found to be the case in people who were
diagnosed with a major depressive disorder, in comparison
to people who did not carry a clinical diagnosis (Pe et al.
2015), as well as in people reporting high levels of neuroti-
cism (Bringmann et al. 2016b).

A further study by Snippe et al. (2017) examined the im-
pact of mindfulness-based cognitive therapy (MBCT; Segal
et al. 2002) on dynamic affect networks consisting of five
mental states—worried, down, cheerful, agitated, and

insecure—in participants with depressive symptoms. The re-
searchers assessed momentary mental states several times a
day at one week before and one week after the intervention.
They then compared the dynamic networks for the mindful-
ness and wait-list control condition at baseline and post-inter-
vention, respectively. While they did not find any significant
changes in network density in the mindfulness versus control
condition (Snippe et al. 2017), it is possible that the null find-
ings may have been due to the fact that their affective network
model consisted of mostly negative mental states (i.e., wor-
ried, down, agitated, or insecure), with only a single positive
state (cheerful). As previous research has shown the impor-
tance of the inter-connectivity between both positive and neg-
ative affective states when investigating network density in
relation to health-relevant constructs, this approach may not
have captured relevant differences (Bringmann et al. 2016b;
Pe et al. 2015).

The present study aimed at examining underlying process-
es of a mindfulness training that may help to improve affective
well-being in daily life. It was hypothesized that affect net-
work density in participants who practiced mindfulness would
be lower than in individuals who were in the control condi-
tion, reflecting the ability to more easily disengage from past
affective experiences. Additionally, it was hypothesized that
individuals who reported high levels of state mindfulness in
daily life would report lower affect network density than those
who reported low levels of state mindfulness.

Method
Participants

We enrolled a total of 137 undergraduate psychology students
at the Institute of Psychology in Mainz with an age range of 18
to 49 years (M. =23.08 years, SD 4. = 5.04). A-priori power
analysis was performed to find small effects, d =.33, with a
power of 95% on our primary outcomes of state mindfulness
and self-control (Rowland et al. 2016). Participants received
course credit in exchange for study participation. If partici-
pants answered at least 80% of the daily prompts, they were
entered in a prize draw for one of two 100 Euro online-shop
vouchers, on top of their course credit. Inclusion criteria were
sufficient understanding of the German language, an age be-
tween 18 and 65 years, ability to use a smartphone for study-
related purposes, and informed consent. Exclusion criteria
were any psychiatric diagnosis or mental and physical condi-
tion that might have conflicted with study participation.

Eleven participants (8.0%) withdrew their study participa-
tion over the course of the study, and we had to exclude one
participant (0.7%) who showed a signal adherence below
33%, resulting in a total of 125 participants (M g, =
22.87 years, SD,q. = 5.06; 77.6% female).
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Procedure

This study was part of a larger parent study (Rowland et al.
2016) that investigated the effects of an ultra-brief mindful-
ness training on mindfulness and perceived self-control
(Rowland et al. 2019). Additionally, the present study
complemented a recent study’s findings regarding associa-
tions between mindfulness and affect dynamics, such as affec-
tive instability, inertia, and affect valence switch (Rowland
et al. 2018) by using the same data set to examine affective
disengagement with a novel dynamic network approach that
considers the interconnections between several single affec-
tive states (e.g., Bringmann et al. 2016b; Pe et al. 2015). The
parent study was registered with clinicaltrials.gov
(NCT02647801) and was approved by the local ethics re-
search committee at the Institute of Psychology, Johannes
Gutenberg University Mainz in Germany. The ethical stan-
dards of this study were in line with the declaration of
Helsinki (World Medical Association 2013). A study protocol
that described all measures in detail can be found online
(Rowland et al. 2016). The results on the effectiveness of the
training with regard to the primary and secondary outcomes
(state mindfulness and perceived self-control, and disposition-
al mindfulness and self-control, respectively) were reported in
Rowland et al. (2019).

Participants attended a first laboratory session (t0) and
completed several self-report questionnaires regarding self-
control and mindfulness. Participants were then allocated to
either mindfulness training (original » = 68; final n=61) or a
wait-list control condition (original » = 69; final n = 64) using
a restricted randomization allocation procedure. During the
following five weeks, all participants from both conditions
attended weekly laboratory sessions (t1-t5) and filled out fur-
ther self-report questionnaires. Only participants who were
allocated to the mindfulness condition received the mindful-
ness training described in the section “Training.” During the
final laboratory sessions (t6), all participants repeated the
baseline assessment.

The ambulatory assessment protocol started one day after
the first laboratory session and took place for 40 consecutive
days. Between 10 am and 8 pm, all participants received six
randomly distributed signals via their smartphones, prompting
them to report their momentary feelings and present situation-
al circumstances. Signals were randomly distributed and pre-
sented using the application movisensXS, Version 0.8.4203
(movisens GmbH, Karlsruhe, Germany). All signal prompts
were set to be at least 45 min and not more than 200 min apart.
Since there were some technical issues that resulted in some
irregular time intervals between signals, we had to exclude
1243 affect observations (4.14%) and 679 missed observa-
tions (2.26%) from our analyses (Rowland et al. 2018). On
average, signals were 103.35 (SD = 34.34) minutes apart from
each other.
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Training Participants who were allocated to the mindfulness
condition practiced mindfulness at five weekly sessions (t1-
t5). The mindfulness training was based on a training devel-
oped by Levinson et al. (2014), whereby participants practiced
mindfulness using a computer-based guided breathing medi-
tation for approximately 12 min. At each session, a research
assistant was present who gave information about the concept
of mindfulness and introduced the individuals to the medita-
tion exercise. Participants were instructed to continuously
count their breath from 1 to 9 to practice focusing attention
on the present moment. Participants were asked to press a
specific key when they counted from breath one to eight,
and then another key when they counted their ninth breath.
When they miscounted their breaths and pressed an inaccurate
key, they received a feedback sound in order to nonjudgmen-
tally shift their attention back to the present moment
(Levinson et al. 2014). After the meditation, the research as-
sistant talked with the participants about their difficulties and
experiences during the meditation practice. Additionally, par-
ticipants were encouraged to practice mindfulness on their
own at home through a breathing meditation and body scan
(audio files provided via the movisens application) or an in-
formal mindfulness task. Out of 68 participants who were
originally allocated to the mindfulness training, 45 partici-
pants practiced on average 4.2 times at home by listening to
the meditation or body scan audio file (Rowland et al. 2019).

Measures

State measures We assessed affect in terms of eight common
emotional states (e.g., Kuppens et al. 2010), which were based
on the affective circumplex model (Russell 2003). Negative
affect was assessed by asking participants to report their cur-
rent level of feeling angry, anxious, depressed, and sad; and
positive affect was assessed by asking participants to report
their current level of feeling happy, excited, relaxed, and sat-
isfied. Six times a day for 40 days, participants were asked to
report their current affective state for each of these eight emo-
tions on a visual slider scale from 0 (rot at all) to 100 (very
much). Each affect variable was within-person centered by
subtracting the respective individual mean from the present
moment affect value before estimating fixed effects for the
population network.

Since we were not aware of any validated alternate state
mindfulness scales when we were planning the study, we used
the state version of the Mindful Attention Awareness Scale
(MAAS; Brown and Ryan 2003) to measure state mindful-
ness. The original state version of the MAAS consists of five
items. In this present study, we shortened the original version
to three items to reduce participants’ burden. We chose those
three items that showed the highest eigenvalues during a fac-
tor analysis in our previous investigations. Participants were
asked to indicate on a scale from 0 (not at all) to 6 (very much)
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to what degree they were paying full attention to what they
had done since the last prompt. We first calculated an average
state mindfulness score for each assessment time point and
then aggregated these scores across all assessment time points
for each individual to yield individual means of state mindful-
ness reports (Friese and Hofmann 2016).

Control measures At the beginning of the study (t0), partici-
pants were asked to report whether they practiced yoga (0=
no; 1 =yes) and whether they practiced some sort of medita-
tion (0 =no; 1 =yes). We created a new dummy coded vari-
able called “previous meditation experience,” coding 0 for all
participants who practiced neither meditation nor yoga (n =
102, 81,6%), and 1 for participants who practiced yoga or
some kind of meditation (n =23, 18.4%).

Data Analyses

We used the statistical software Stata 15 (StataCorp 2017) to
calculate descriptive statistics and hierarchical multiple re-
gressions. Additionally, we used the software R version
3.6.1 (R Core Team 2019) to estimate individual affect net-
works (graphical VAR; Epskamp 2018) and to visualize pop-
ulation networks for each condition (qgraph; Epskamp et al.
2012). Data and syntax are available under https://osf.io/
jmz2n/.

Data preparation First, to make sure that our data were
stationary (which is necessary when using time-series anal-
yses to construct temporal networks), we tested all affect
items for unit roots in our data set using the Fisher-type
test over the whole 40-day assessment period (Augmented
Dickey-Fuller [ADF] unit-root test; Choi 2001). This ADF
unit-root test tests against the null hypothesis that all indi-
vidual panels contain a unit root, a stochastic trend indicat-
ing an unpredictable systematic pattern. Since we could
assume stationarity (all Z° 1 <4338, all p’s<.001), we de-
cided to construct temporal affect networks for each indi-
vidual over the whole study period (240 possible observa-
tions per individual). We refrained from estimating weekly
networks, which would have most likely yielded unreliable
estimates due to the relatively small number of observations
per week (a maximum of 42). This number of estimates
falls below the usually used minimum of 50 to 70 obser-
vations per individual needed to construct dynamic net-
works (Bringmann et al. 2016b; Pe et al. 2015; Wigman
et al. 2015).

We did not estimate associations between the last assess-
ment of a day and the first assessment of the following day
since the time interval differed greatly from within-day signal
time intervals: temporally equally spaced measurements are
an important assumption in order to model autoregressive
models (Bringmann et al. 2013). Regardless of that, it is also

assumed that emotion regulation occurs, and the brain is “re-
set” while sleeping (Gruber and Cassoff 2014) so that exam-
ining associations between evening and morning assessments
would qualitatively differ from within-day associations. Thus,
we fitted saturated graphical vector autoregression (GVAR;
Wild et al. 2010) models that estimated all possible consecu-
tive temporal within-day associations between all affective
states for each individual to construct individual temporal net-
works over the whole study period. It is possible to use the
least absolute shrinkage and selection operator regularization
(LASSO:; Tibshirani 1996) in combination with the extended
Bayesian information criterion (EBIC; Chen and Chen 2008)
on each individual network to obtain a sparse network struc-
ture (Epskamp et al. 2018). However, since we were interested
in calculating network density as the average of all possible
connections (Bringmann et al. 2016b; Pe et al. 2015) and not
only the network connections of a sparse network, we only
used unregularized models. Using GVAR, we computed tem-
poral and contemporaneous networks for each individual,
where estimates can be seen as edges that connect all eight
affective network nodes (Bringmann et al. 2013). Here, we
focus on the temporal network, where all affective states at
time point ¢ were regressed on all affective states that were
assessed at the prior measurement occasion #-/ for each re-
spective individual (betas have been standardized to partial
directed correlations; PDC; Wild et al. 2010). The results of
the contemporaneous networks, which consisted of all associ-
ations at the same measurement time point (kappas have been
standardized to partial contemporaneous correlations; PCC;
Wild et al. 2010), can be found in the Supplementary
Materials (Table S1-Table S4).

We then calculated the density of the individual temporal
network of each individual (Bringmann et al. 2016b; Pe et al.
2015; Snippe et al. 2017; Wigman et al. 2015). Density refers
to how interconnected all affect states are and therefore mir-
rors how self-predictive and rigid the whole affect system is
(Pe et al. 2015). To calculate individual overall affect (OA)
network density, we averaged over all absolute PDC values
for each individual, indicating how strongly all affective states
were associated with each other irrespective of negative or
positive associations. We also calculated positive affect (PA)
and negative affect (NA) density. We calculated PA density by
averaging over the 32 absolute PDC values that represented
estimates of all affective experiences at time point #-/ that
predicted positive affective experiences at time point #; e.g.,
sad (NA) and relaxed (PA) at the previous time point predicted
happy (PA) at the next time point. PA density indicates how
much prior affective experiences (either negative or positive)
predict momentary positive affective states (Pe et al. 2015). In
a similar way, we calculated NA density by averaging over the
32 absolute PDC values that represented estimates of all af-
fective experiences at time #-/ that predicted only negative
experiences at time ¢. Thus, NA density indicates how much
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prior affective states predict momentary negative affective
states (Pe et al. 2015).

Since contemporaneous networks do not include directed
associations, the undirected associations between PA and NA
states would be entered into the calculation of both the PA and
NA network density. To account for that, we calculated con-
temporaneous network density differently: PA network densi-
ty was calculated by averaging over all PCC absolute values
that represented associations between PA states only, and NA
network density was calculated by averaging over all PCC
absolute values that represented associations between NA
states only. Additionally, we calculated PA-NA network den-
sity, which was calculated by averaging over all PCC absolute
values that represented associations between PA and NA
states only. Associations between all temporal and contempo-
raneous network density parameters can be seen in the
Supplementary Materials (Table S1).

Preliminary analyses Adherence with the ambulatory assess-
ment protocol was calculated by dividing the number of
completely answered prompts by all possible prompts for each
individual. The individual adherence scores were then aver-
aged over all participants. After that, we calculated descriptive
statistics of all network density indices and mindfulness mea-
sures, and correlated individuals’ means with each other.

Main analyses As an overview, we first graphically illustrated
the population network of all individuals, which is based on
the pooled data of all individual networks. The population
network shows all possible connections, representing
population-level OA network density.

We then used a hierarchical multiple regression to examine
associations between temporal OA network density and both
mindfulness measures (mindfulness training and the individ-
ual means of state mindfulness reports). In a first step, we
regressed the individual OA network density values on the
grand mean centered individual means of state mindfulness
reports and condition allocation (0 = control condition; 1=
mindfulness training). In a second step, we controlled for pre-
vious meditation experience (0 = no meditation or yoga expe-
rience; 1 = meditation or yoga experience).

To further examine whether mindfulness measures were
associated with both PA and NA network density, we conduct-
ed two more hierarchical multiple regression analyses in
which both mindfulness measures predicted PA and NA net-
work density. Again, we added the control variable of previ-
ous meditation experience in a second step.

Additional analyses Since Baer et al. (2008) found that some
mindfulness facets may only show associations with well-
being in people with meditation experience, and not in indi-
viduals who only indicate that they are more mindful than
others, we also tested whether previous meditation experience
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might moderate the relationship between the mindfulness
measures and network density indices. In a third step, we
added previous meditation experience as a moderator to our
hierarchical multiple regression models by regressing the net-
work density indices on each mindfulness measure, previous
meditation experience, and the respective two-way interaction
between the mindfulness measure and previous meditation
experience.

Results
Adherence

Our final sample (N = 125) answered 75.9% of the AA proto-
col affect assessment prompts (SD = 14.8, ranging between
34.6% and 97.5%). Since we had to exclude those affect ob-
servations that were not prompted within the set time frame
(see ‘Procedure’), and we only included consecutive observa-
tions to our analyses, we had a final number of 14,257 obser-
vations. Descriptive statistics and inter-correlations of the tem-
poral network density and all mindfulness measures are pre-
sented in Table 1.

Associations between Network Density
and Mindfulness

Figure 1 shows the population network, which is based on the
pooled data of all individuals. We also illustrated PA network
density (all affective states predicting PA states) and NA net-
work density (all affective states predicting NA states) by
masking NA or PA network density based on the example of
Pe et al. (2015), respectively. This allowed us to better under-
stand how PA and NA states were interconnected with each
other in general. Tables 2 and 3 show the main results of the
hierarchical multiple regressions that examined associations
between the mindfulness training and individual means of
state mindfulness reports, as well as between OA, PA, and

Table 1  Descriptive statistics and inter-correlations between temporal
network indices (OAD, NAD, PAD) and individual means of state mind-
fulness reports

M SD  Range 1 2 3
1 OAD 0.10 0.02 0.06-0.15
2 NAD 0.10 0.02 0.05-0.17 .85%*
3 PAD 0.10 0.02 0.05-0.16 .88**  49%%*

4 State Mindfulness 4.76 0.88 2.79-5.99 -.05 -.01 -.07

Note. OAD = Overall affect network density; NAD = Negative affect net-
work density; PAD = Positive affect network density; State mindfulness =
individual means of State Mindful Attention Awareness Scale reports
*p<.05

#5p < 001
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Fig. 1 Population network showing overall affect network density
(OAD:; upper), negative affect network density (NAD; lower, left side),
and positive affect network density (PAD; lower, right side) of all 125
individuals. Arrows represent directed associations between a prior
affective experience (#-1) and an affective experience at the next
moment (f). Stronger associations are represented by bold and dark

NA temporal affect network density. Under Step 1, associa-
tions between each mindfulness measure and OA (Table 2),
and between PA and NA network density (Table 3) are pre-
sented, without adjusting for any other control variables.

As can be seen in Table 2, Step 1, neither participants in the
mindfulness training nor participants who reported high levels
of state mindfulness showed significant associations with their
OA temporal network density. Furthermore, neither PA nor
NA network density were significantly predicted by either
the individual means of all state mindfulness reports or mind-
fulness training (Step 1, Table 3). In a next step (Step 2),
although we controlled for previous meditation experience,
no changes were observed in the results presented under
Step 1 (Tables 2 and 3). This was also found for all contem-
poraneous network indices (Tables S2, S3, and S4).

Next, since individuals with prior meditation experience
tend to report different associations between mindfulness

OAD
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lines while weak associations are represented by thin and lightly
colored lines. Positive associations are indicated by solid lines and
negative associations are represented by dashed lines. Hpp = happy;
exc = excited; rlx =relaxed; sts = satisfied; ang = angry; anx = anxious;
dpr = depressed; sad = sad

and well-being (Baer et al. 2008), we tested whether prior
experiences with meditation may moderate the associations
between mindfulness measures and temporal affect density
indices (Step 3): When we added both interaction terms be-
tween the mindfulness measures and prior experience to the
model that predicted OA network density, we found that the
model explained more variance (increasing from 1.7% to
5.3%, but not significantly p = .110) in the outcome OA net-
work density (Step 3, Table 2). Furthermore, the interaction
term between the individual means of state mindfulness re-
ports and prior meditation experience reached significance
with a small negative effect (3 =—.200), indicating that par-
ticipants who reported prior experiences with yoga or media-
tion and who reported high levels of state mindfulness also
reported a lower OA network density in comparison to those
who had no such prior experience and who indicated having
high levels of mindfulness (Fig. 2). However, prior meditation
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Table 2 Overall affect network density (OAD) predicted by training, individual means of state mindfulness reports, and previous meditation expe-
rience (PME)

Step 1 Step 2 Step 3
Predictors B (SE) p B R’ B (SE) p B R’ B (SE) p B R
Training -004 (.003) 222 -112 .014 -004(.003) 262 -104 .017 -002(.004) .587 -055 .053
State Mindfulness -001 (.002) 484 -064 -001 (.002) 477 -.065 .001 (.002) .771 .029
PME -.002 (.004) 583  -.050 .000 (.007) 998  .000
Training x PME -.005 (.009) .554  -.093
State Mindfulness x PME -.010 (.005) .048 -.200

Note. Step 1: Associations between OAD and mindfulness measures (Training and State mindfulness). Step 2: Controlled for PME. Step 3: Two-way
interaction terms between PME and each mindfulness measure (Training and State mindfulness). OAD = Overall affect network density; State
Mindfulness = Grand-mean centered individual means of state Mindful Attention Awareness Scale reports; PME = Previous meditation experience
(0 =no meditation or yoga experience; 1 = previous meditation or yoga experience); Training = Condition allocation (0 = control condition; 1 = mind-

fulness training)

experience did not significantly moderate the effect of mind-
fulness training on OA network density.

With regard to NA and PA network density, the interaction
term between the individual means of state mindfulness reports
and prior experience in meditation (PA: 3 =—.157; NA: B =
—.189) and between mindfulness training and prior mediation
experience (PA: 3 =-.206) also showed small but non-
significant negative effects. These negative effects were simi-
lar to those found regarding OA network density and the indi-
vidual means of state mindfulness reports, indicating that par-
ticipants with prior meditation experience relative to
unexperienced participants also tended to report lower PA net-
work density when they were high in state mindfulness and
were allocated in the mindfulness training, and lower NA net-
work density when they were more mindful. With regard to all

Table 3
previous meditation experience (PME)

conteporaneous network indices, all interaction terms did not
reach significance (Step 3, Tables S2, S3, and S4).

Robustness of Results

Since yoga practice comes in many varieties and does not
always involve actual meditation, we further tested whether
our results were robust when only referring to those individ-
uals as experienced meditators who reported to solely practice
meditation (z=9) or meditation and yoga (n=10), but not
those who only practiced yoga (n =4). In that case, the found
interaction effect of state mindfulness and previous meditation
experience on OAD (3 =-.209, p=.038) and NAD (3 =
—.222, p=.029) increased (Tables S5 and S6).

Positive and negative affect network density (PAD and NAD) predicted by training, individual means of state mindfulness reports, and

Affect network density Step 1 Step 2 Step 3
Outcome  Predictors B (SE) p [8) R’ B (SE) p B R’ BSE) p 8] R’
PAD Training -006 (.004) .124 -140 .024 -.006(.004) .155 -.131 .027 -.003(.005) .576 -.057 .062
State Mindfulness -002 (.002) .334 -.088 -.002 (.002) .327 -.089 -.000 (.003) .958 -.005
PME -.003 (.005) .516 -.059 .005 (.009) .594 .079
Training x PME -015(.011) .190 -206
State Mindfulness x PME -010(.006) .116 -.157
NAD Training -002 (.004) .597 -.049 .002 -.002(.004) .633 -045 .003 -.002(.004) .711 -038 .032
State Mindfulness -.000 (.002) .832 -.019 -.000 (.002) .827 -.020 .001 (.002) .563 .059
PME -.001 (.005) .776 -.026 -.005 (.008) .569 -.085
Training x PME .004 (.010) .723  .056
State Mindfulness x PME -.011 (006) .063 -.189

Note. Step 1: Associations between PAD or NAD and mindfulness measures (Training and State mindfulness). Step 2: Controlled for PME. Step 3: Two-
way interaction terms between PME and each mindfulness measure (Training and State mindfulness). PAD = Positive affect network density; NAD =
Negative affect network density; State Mindfulness = grand-mean centered individual means of state Mindful Attention Awareness Scale reports;
PME = Previous meditation experience (0 =no meditation or yoga experience; 1 = previous meditation or yoga experience); Training = condition
allocation (0 = control condition; 1 = mindfulness training)
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Finally, following the example of Pe et al. (2015), and to
examine whether the found effects were consistent across the
density of all negative and positive affective states, we also
reported the associations between mindfulness measures and
the density of each affective state in the Supplementary
Material (all other previous affective states predicting a
single affective state; Table S7). Consistent with our findings
on OAD, PAD, and NAD, we did not find a significant impact
of the mindfulness training on any of the single affect network
densities. The same pattern was found for the individual
means of state mindfulness reports, with one exception: we
found that the individual means of state mindfulness reports
negatively predicted the density of the affective state relaxed,
indicating that individuals who were on average more mindful
in daily life experienced less impact of previous affective
states on their present relaxed state than individuals who were
less mindful (f =—.304, p=.001). We also found consistent
small negative effects of the interaction between the individual
means of state mindfulness reports and previous meditation
experience on all single emotion network densities, although
only the interaction effect on feeling anxious reached signifi-
cance (3 =—.218, p=.029).

Discussion

The present study investigated whether a mindfulness training
and state mindfulness helped people to disengage from prior
affective experiences in daily life, which was assumed to rep-
resent a basic mechanism underlying the beneficial effects of
mindfulness. The tendency to disengage from prior experi-
ences was indexed by temporal network density (Bringmann
et al. 2016b; Pe et al. 2015), with higher density values
reflecting less ability to disengage from prior experiences.

High
State Mindfulness

We conducted a randomized controlled trial with a mindful-
ness training and a control condition, using an ambulatory
assessment over a 40-day study period to assess momentary
affective experiences and state mindfulness. On the basis of
both previous laboratory studies (Britton et al. 2012; Cho etal.
2017) and recent ambulatory assessment studies that studied
affective inertia (Keng and Tong 2016; Rowland et al. 2018)
we assumed that everyday affective experiences of partici-
pants who train in mindfulness and who report high levels of
state mindfulness would be more able to disengage from pre-
vious affective experiences in everyday life, as reflected by a
less connected affect network, relative to participants who
were in the control condition or who reported low levels of
state mindfulness.

Contrary to our expectations, neither a brief mindfulness
training nor state mindfulness showed significant associations
with temporal affect network density. This is in line with a
recent study by Snippe et al. (2017) who found that training in
mindfulness had no significant impact on the affective system
pre- to post-mindfulness intervention. Since network density
may be particularly driven by either PA or NA network den-
sity rather than by a synergy of both affect valence networks
(Pe etal. 2015), we also examined associations between mind-
fulness and PA and NA affect network density separately. As
found for overall affect network density, these results did not
indicate any associations between the mindfulness measures
and either PA or NA network density. However, when addi-
tionally examining single-affect densities, we found that indi-
viduals who were more mindful experienced less impact of
their previous affective states on their current state of feeling
relaxed than individuals who reported to be less mindful. This
is not surprising since particularly feeling relaxed may be
interpreted as being closely related to the calm and accepting
attitude that comes along with mindfulness (e.g., Desbordes
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et al. 2015; Lindsay and Creswell 2017). Thus, this finding
may indicate that individuals who are mindful may not get
wound up easily by previous affective experiences in that they
are able to disengage from them, experiencing a relaxed and
calm state in the present moment that is independent from
prior experiences. Nevertheless, whereas laboratory-based
findings (Britton et al. 2012; Cho et al. 2017) and research
on affective inertia (e.g., Keng and Tong 2016; Rowland et al.
2018) have suggested that training mindfulness can help peo-
ple to disengage from previous negative experiences, the pres-
ent study may indicate that this is not necessarily the case
when considering the complex affective system, which in-
cludes multiple different positive and negative affective states.
While inertia involves the self-predictability of a single
affective state or an aggregated measure, density instead cap-
tures how several affective states are both self-predicted and
predicted by all other affective states (Pe etal. 2015). Thus, the
fact, that our results differ from those studies examining affec-
tive inertia, suggests that density is not solely driven by inertia,
and that it represents more than how self-predictive affective
states are. Furthermore, Pe et al. (2015) mentioned an addi-
tional important difference between inertia and network den-
sity: Since network density is indicated by the averaged abso-
lute coefficient values of all temporal associations, both the
direction and the negative or positive nature of the association
between affective states is less important than they are for
inertia, meaning that it does not matter how positive or nega-
tive associations between affective states are when examining
network density. For example, two individuals may qualita-
tively differ in how their prior state of anger is associated with
their following state of feeling relaxed: while one person may
feel more relaxed, the other may feel less relaxed. Thus, the
direction of the association may differ, but in both individuals
the intensity of feeling relaxed may be similarly predicted by
their prior anger. Thus, in both individuals we would find that
their present state of relaxation could be predicted by their
previous state of anger (this example is based on one used
by Pe et al. 2015). This would indicate that they were not able
to feel momentary relaxation regardless of what happened
before. Instead of adapting present feelings to momentary sit-
uational circumstances, the intensity of feeling relaxed was
determined by prior experiences in both individuals. In con-
trast, we assumed that a mindful individual would have been
able to accept previous feelings so that present experiences
may have been independent and less predictable by what
had happened in the past. Therefore, the main findings that
can be drawn from these explorations of network density is the
degree of predictability and the fact that individuals differ in
how predictable their affective states are (Pe et al. 2015).
Although we did not find any associations between
mindfulness and affect network density, we further
investigated whether the association between mindfulness
and affective network density may be driven by previous
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meditation experiences. As Baer et al. (2008) found when
validating the Five Facet Mindfulness Questionnaire
(FFMQ; Baer et al. 2006), some mindfulness facets may only
be associated with well-being in people with meditation expe-
rience, and not with individuals who merely self-report that
they are more mindful than others. This speaks to a somewhat
different understanding of mindfulness in experienced medi-
tators as opposed to meditation novices. For this reason, we
tested whether associations between mindfulness and affect
network density may be moderated by meditation experience,
finding that individuals who reported practicing yoga or med-
itation showed lower OA network density when they also
reported high-state mindfulness, which also tended to apply
to all single affect network densities. Thus, whereas individ-
uals who indicated that they were mindful did not show any
increased ability to disengage from previous affective experi-
ences, yoga and meditation practitioners who reported being
able to focus their attention on what was occurring in the
present moment were more likely to disengage from previous
affective experiences, relative to experienced mindfulness
meditators who rated themselves to be low in mindfulness.

Several explanations may be helpful in understanding why
the present-moment facet of mindfulness was found to be
associated with affect network density, but only in participants
experienced in practicing mindfulness. First, in some studies,
neither the MAAS was found to differentiate between non-
meditators and novice meditators (MacKillop and Anderson
2007) nor the “acting with awareness” facet of the FFMQ,
which is closely related to the MAAS, was positively associ-
ated with meditation experience (Baer et al. 2008). However,
in contrast, Brown and Ryan (2003) found differences be-
tween Zen Buddhist practitioners and the general public using
the MAAS.

Second, a study by Van Dam et al. (2009) found meditators
to answer mindfulness items differently than non-meditators:
While mindfulness meditators occurred to affirm
mindfulness-absent and mindfulness-present items with about
equal frequency, non-meditators more apparently tended to
reject mindfulness-absent mindfulness items compared to
affirming mindfulness-present items. Furthermore, even
though non-meditators and meditators might happen to report
similar levels on the present moment awareness facet of mind-
fulness (e.g., MacKillop and Anderson 2007) as measured
with the MAAS (Brown and Ryan 2003), particularly individ-
uals with meditation experience may have developed more
skills, such as reacting calm, and nonjudgmentally accepting
present affective experiences in daily life, in addition to only
monitoring the present experiences (Lindsay and Creswell
2017). Thus, both novices and experienced meditators may
be aware of their present experiences, but experienced
meditators may find it easier to actually disengage from
those experiences while novices may focus more on
experiencing affective states, still judging them as pleasant
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or unpleasant, which in turn, may predict following affective
experiences. In line with this, Desbordes et al. (2015) de-
scribed that meditation beginners may first learn to monitor
their experiences before applying acceptance in affectively
loaded situations. Since we did not examine other mindfulness
skills in daily life, such as nonjudgmentally accepting experi-
ences and letting them pass by (e.g., Blanke and Brose 2017),
this may be a plausible explanation for our main findings,
which needs to be further investigated in future research by
assessing discrete mindfulness skills in daily life.

Third, as Grossman (2011) mentioned, several qualities of
the present-moment attention facet of mindfulness are not well
represented in the currently available self-report measures,
which tended to represent this subtle state more as an experi-
ence of inattentiveness (e.g., Brown and Ryan 2003).
However, experienced meditators may not only see this state
as inattentiveness, but rather as a deliberate choice to pay
attention to the present moment, to investigate moment-to-
moment experiences actively and with curiosity, and to be
continuously aware of present-moment experiences
(Grossman 2011). These aspects may be particularly crucial
in disengaging from previous affective experiences.

Fourth, we can rule out the possibility that our findings are
solely based on demand characteristics (e.g., Weber and Cook
1972). Since we assessed affect several times per day and we
analyzed temporal associations between several items, it is
unlikely that participants would have known what the re-
searchers expected to find or how they expected them to be-
have, and would have therefore distorted their responses
accordingly.

All of these considerations indicate that our findings may
be based on the fact that experienced meditators and novices
have different understandings of what present moment aware-
ness actually is, and they may have different kinds of mind-
fulness skills that they can apply in daily life. Furthermore,
mindfulness self-report questionnaires, such as the state ver-
sion of the MAAS, may not be well suited to capturing these
different qualities of mind.

Limitations and Future Research

Even though we did not find any evidence that either training
mindfulness or state mindfulness were associated with affec-
tive network density, we found that mindfulness—and, in par-
ticular the individual means of present moment awareness
reports that were assessed in daily life—was associated with
lower network density in people who reported meditating or
practicing yoga. However, several issues may limit the appli-
cation of these findings.

First, we suggest caution when interpreting the results from
our analyses hinting at a less interconnected affect network
only in people who report higher mindfulness and who are
experienced in meditation or yoga. Few participants indicated

already practicing meditation or yoga before study participa-
tion, which limits our power to find small effects (e.g., NA and
PA density). Furthermore, we did not assess how long indi-
viduals had practiced meditation or yoga. Thus, since this
variable was only thought of as a control variable and was
not the focus of our investigation, we cannot tell whether those
individuals who answered “yes” continuously practiced mind-
fulness, or how long or to what degree they had been practic-
ing. It would be interesting to further examine the association
between actual mindfulness practice time and affect network
density in experienced meditators to draw stronger conclu-
sions on how the long-term practice of mindfulness may im-
prove disengagement from previous experiences in daily life.

Second, we used a shortened version of the state version of
the MAAS (Brown and Ryan 2003). This state mindfulness
measure solely focused on assessing the level of inattentive-
ness on present activities. As other important aspects such as
acceptance and nonjudgment (Lindsay and Creswell 2017)
were not assessed, we cannot rule out the possibility that ad-
ditional mindfulness aspects may be associated with network
density. In recent studies, novel state mindfulness scales were
constructed (e.g., Blanke and Brose 2017) and used (Friese
and Hofmann 2016) that can assess mindfulness beyond a
one-dimensional construct. Future research may choose
multi-dimensional measures of state mindfulness to examine
associations with affect network density.

Third, our mindfulness training sought to improve present
moment awareness through a very simple breathing medita-
tion of counting one’s own breaths, and did not extend into
additional, more advanced mindfulness skills (Bishop et al.
2004). Furthermore, our training sessions were short, and in-
dividuals had no opportunity to attend group sessions led by
an experienced mindfulness meditators, which is standard
practice for most mindfulness-based programs (e.g., MBSR;
Kabat-Zinn 1990). However, we do not assume that this more
extensive mindfulness training would have necessarily
yielded different results, as the longer training implemented
by Snippe et al. (2017) did not lead to any changes in affect
network density from pre- to post-mindfulness intervention,
relative to individuals in a control condition. Thus, it is possi-
ble that neither basic nor extensive mindfulness programs im-
pact short-term affective network density. Rather, it seems that
only continuous mindfulness practice over a long period may
result in less interconnected affective networks. If this is the
case, it may be that it is only through the frequent practice of
mindfulness skills in daily life that meditators may increase
disengagement from previous affective experiences.

Our fourth limitation is due to our network analyses:
Although we had to assume stationarity of our time-series,
we conducted a mindfulness training, which we expected to
result in group differences in affect network density. Thus,
although we tested for stationarity in our data, we cannot rule
out that some individuals experienced changes in, for
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example, autocorrelations, since the Fisher-type test only tests
against the hypothesis that all individual panels contain a unit-
root (i.e., are non-stationary). We suspect, however, that our
findings may serve as basis for further research on how mind-
fulness impacts affective networks. For example, Bringmann
et al. (2016b) discussed other models, such as a multilevel
threshold model (De Haan-Rietdijk et al. 2016) or a time-
varying model (Bringmann et al. 2016a) that may be helpful
in obtaining a deeper understanding of how mindfulness can
help users to disengage from previous experiences.

Based on our presented findings, we assume that disen-
gagement from previous affective experiences in daily life
may take more practice than a short simple mindfulness train-
ing can provide. Additionally, the tendency to self-report be-
ing high in mindfulness does not necessarily indicate a stron-
ger ability to disengage from experiences. Rather, only those
who are already familiar with practicing mindfulness and who
report being able to focus attention on the present moment
seem to experience easier disengagement from previous affec-
tive experiences in their everyday lives. This speaks to a dif-
ferent understanding of mindfulness in long-term meditators
who may already have applied a nonjudgmental and accepting
attitude in their daily lives, in contrast to individuals who
reported being high in mindfulness but who may have not
applied this skill. Thus, we assume that multiple mindfulness
practice sessions and a deep understanding of what mindful-
ness means may be needed to apply mindfulness effectively in
daily life, ideally improving one’s ability to disengage from
previous experiences and to allow present-moment experi-
ences to be more independent from what has happened in
the past.
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