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Abstract: Music is believed to aid the implementation of emotion regulation strategies like distraction
or reappraisal, but empirical studies have shown null results. However, the moderating role of
one’s relation with music (musical sophistication) and/or executive functioning skills has not been
considered yet. In addition, little is known about how music acts. In the present study, we induced
anger in a group of participants characterized by musical sophistication and executive functioning.
We asked them to regulate their emotional state and measured regulation efficacy. Participants were
split into four groups, defined by regulation strategy (distraction vs. reappraisal) and music (with
vs. without). Results indicated music effects in higher, but not in lower musical sophistication
participants. In the former, music benefitted from reappraisal but was an impaired distraction. Two
different executive functions—working memory and affective flexibility—had opposite effects: higher,
but not lower working memory participants benefited from music; lower, but not higher, effective
flexibility participants took advantage of music. Reports of subjective experience suggested that
music favors more empathic reappraisals, and that these may be more long-lasting. Our findings
support the idea that music effects depend on listeners’ characteristics, and they raise new hypotheses
concerning the specificity of emotional regulation aided by music.

Keywords: emotional regulation; music listening; musical Sophistication; executive functions; empathy

1. Introduction

From time to time, we can feel overwhelmed by our own emotions, and sometimes
we only feel relief when we find some control over them. This control can be achieved
through the regulation of emotional experience [1], such that our current emotional system
or its expected state becomes able to match our emotional goal. Distraction and reappraisal
are two strategies of emotional regulation (ER). Distraction can be conceived as finding
something that takes our mind off the problem situation, whereas reappraisal allows us to
see the situation with a fresh pair of eyes. Distraction consists of disengaging attention from
the salient aspects of an emotional-eliciting event [2] by focusing on another concurrent
task [3]. Conversely, reappraisal implies directing attention to the emotionally eliciting
event. Since the emotional impact of an event is mediated by the way in which we interpret
or appraise it, the aim of reappraisal is to reinterpret and change the meaning of that
event [4].

The efficacy of ER does not exclusively depend on our will. ER through reappraisal
needs resources such as time and cognitive capacity [5]. Similarly, distraction involves
multiple focuses on environmental stimuli [6]. The behavior we use to distract ourselves
or reappraise a given situation may, thus, be crucial for the effective implementation of
these strategies.

Music listening is one behavior that is recognized as a powerful tool or tactic for regu-
lating emotions [7-9]. Music is known to increase well-being and impact the intensity and
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expression of emotions [10]. Music listening is used deliberately for several reasons, includ-
ing the attempt to control, support, or change the current state of experienced emotions [11].
According to the GSTM (goals, strategies, tactics, and mechanisms) framework [8], music
listening is frequently referred to as a tactic that supports the implementation of distraction
and reappraisal [7,9], and it seems to be particularly associated with reappraisal. For
instance, the message and meaning transmitted by the lyrics of a song positively affect the
problem solving and the appraisal of a difficult situation [12]. Nevertheless, potentially
destructive uses of music, like ruminating [9] and immersing in negative emotions [12]
have also been documented. Thus, music listening seems to be an appropriate tool for
ER. However, several questions regarding the relation between music listening and ER are
still open.

First, it remains unclear whether music listening is a useful tactic for implementing ER
strategies. Associations between music listening and ER have been reported in empirical
studies (e.g., [12,13]), but most are based on retrospective accounts. Moving away from
this retrospective logic, the study of Baltazar et al. [14] focused on the efficacy of music in
stress reduction when combined with an ER strategy, considered relevant by participants,
in the context of real-time ER. This study showed that combining music listening with an
adequate strategy did not increase ER efficacy, when compared with music or strategy alone.
However, the fact that participants were asked to choose the more adequate ER strategy
elicited a variety of strategies, including potentially negative ones such as rumination
(i.e., thinking repetitively and passively about a particular emotional event [15,16]). In
addition, the authors did not consider two important individual variables with a potential
moderating role in the relation between music listening and ER. The first one is musical
sophistication [17], conceived as the significance of music in participants’ lives. The second
is the level of executive functioning of participants. Executive functions are a set of abilities
that allow decision making, controlling impulsive behaviors, and cognitive flexibility [18].
The potential moderating role of musical sophistication in music listening-based ER seems
straightforward. If music is irrelevant in one’s life, it is unlikely that it will boost ER.
To our knowledge, this hypothesis remains untested. Concerning the possible impact of
executive functioning (EF) abilities, it has been hypothesized that EF abilities improve
ER skills [19,20]. Viewing music listening as a tool that aids ER [7,9] suggests that music
listening may compensate for weak EF skills. Therefore, music listening should be more
useful to individuals with lower than for those with higher EF skills. Again, to our
knowledge, little is known about this possibility.

Moreover, the chance that music helps the implementation of ER strategies like reap-
praisal raises questions about the underlying process. One possibility is that music im-
proves empathy. Listening to music has been associated with helping behavior [21]. Specif-
ically, there seems to be an association between listening to music with prosocial lyrics and
an improvement in helping behavior. This suggests that this kind of music can influence
our cognition and affect, and it is in line with the media effects theory [22]: according to this
theory, listeners’” thoughts and feelings are congruent with the message conveyed by music.
Since prosocial behavior implies some degree of empathy [23], it can be hypothesized
that the key role of music in reappraisal is related to an improvement of empathy. To our
knowledge, this hypothesis has not yet been tested.

In the present study, our first goal was to determine whether the effect of music
listening on ER is moderated by musical sophistication and/or executive functioning. As
a second goal, we wanted to better understand the role played by music in the chosen
reappraisal mode—specifically if music promotes empathy-based forms of reappraisal.

To address these goals, we conducted a mixed 2 x 2 x 2 factorial design study with
ER type as a within-subjects factor (passive and active), and ER strategy (distraction
and reappraisal) as well as music listening (music and no music) as between-subjects.
Participants went through a passive ER attempt (PER, no regulation instructions) and an
active ER attempt (AER, instructions to regulate). The two ER attempts followed an anger
induction task based on autobiographical memories. Before and after anger induction
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based on an autobiographical memories task, participants self-rated their anger level. In
the active condition, participants were randomly assigned to four experimental conditions
resulting from the combination of regulation strategy (distraction vs. reappraisal) and music
(with vs. without music): distraction with music, distraction without music, reappraisal
with music, reappraisal without music. Success in regulation—passive and active—was
measured based both on anger ratings and self-reports of perceived success in regulation.
To address the first goal, we focused on success in ER during the session (active minus
passive regulation) as a function of music listening and regulation strategy to see whether
music listening alone influenced ER. Afterwards, we added musical sophistication and
executive functioning as moderators, using two new models. In line with the literature
and our own analysis of factor structure (see below, methods), executive functioning was
approached as a non-unitary construct, where executive functioning tasks do not always
show associations among them- mostly in adults [24-26]. To address the second goal, we
asked participants with vs. without music to report how they reappraised the situation.

Regarding the first goal, we hypothesized that musical sophistication and executive
functioning levels would have a moderating effect on ER, meaning that the positive impact
of music listening on ER would increase with musical sophistication, and that participants
with lower executive functioning skills would be more sensitive to the facilitating effects
of music. Concerning the second goal, our hypothesis was that music listeners would
implement a form of reappraisal different from the one used by non-listeners. Specifically,
music listeners would rely more on empathy.

2. Materials and Methods
2.1. Participants

The required sample size for this study was estimated with an a priori power analysis
(with G*Power 3.1 [27]). To obtain a statistical power of 80% with a medium effect size
(f =0.25) and o = 0.05 using a design with four groups and two repeated measurements
(active vs. passive regulation), we needed to collect data from at least 36 participants.

Forty-eight healthy participants (10 male) aged between 19 and 33 (M =23.17, SD = 3.24)
were recruited for this study. All the participants had normal hearing and normal or
corrected-to-normal vision. Most of them (93.8%) were college students. Participants
were randomly assigned to one of the four experimental groups (Distraction With music,
D-W; Distraction Without music, D-Wo; Reappraisal With music, R-W; and Reappraisal
Without music, R-Wo, n = 12 per group). Two participants from the D-Wo group had to be
reallocated at D-W because they used music to distract themselves (Appendix A).

All the participants gave their informed consent, and experimental procedures were
approved by the local Ethics Committee (Ref. 2010/09-7).

2.2. Instruments
2.2.1. Emotional Regulation during the Session

To characterize the outcomes of emotional regulation during the session, we used the
following instruments:

Self-report measure of state-anger (STAXI-2): The state-anger subscale of the State-Trait
Anger Expression Inventory-2 (STAXI-2, [28,29]) was used as a report of the level of
anger experienced by participants at different moments in the session (see Procedure).
STAXI-2 comprises fifteen statements, rated on a 4-point scale ranging from 1 (nothing) to
4 (extremely). The final score of state-anger is obtained by adding the classification assigned
to each statement. Higher scores reveal higher levels of anger.

Emotional requlation follow-up questions: After the attempt of active regulation, par-
ticipants completed a questionnaire addressing their perceptions about the emotional
regulation task and the implemented strategies, providing a quantification of the subjective
perceptions of the regulation process (Table 1).
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Table 1. Questionnaire on subjective perceptions of the regulation process.

Question [Target] Type of Response

(1) Did you feel difficulties in the emotional
regulation task? [How easy was the
active emotional regulation task Yes or no response
for participants]

(2) How did you distract yourself/
reappraise the emotional situation? o

[Mode of distraction/ reappraisal] pen response

(8) In the future, if you remembered that
emotional situation again, would the
levels of anger evoked by her be the
same? [Projection of this emotional
regulation into the future]

Yes or no response

(4) If not, would they be less or
more intense? Less or more response

(5) Do you think you will be able to deal
better with the emotional situation

in the future? Yes or no response

(6)  Which features of the song did you
focus on? P

— feelings evoked by the song
— memories evoked by the song
—  rhythm and/or lyrics

—  other

Multiple choice (more than one allowed)

2 Question (2) was presented in either way, depending on the group (distraction vs. reappraisal). ® Question (6)
was presented only to participants in music groups.

2.2.2. Individual Differences in Relevant Dimensions

Sociodemographic questionnaire: it assessed basic sociodemographic information such as
age, gender, and schooling.

Regulating Emotion Systems in Everyday Life inventory (RESS-EMA [30]). The RESS-
EMA is a self-report questionnaire designed to assess the individual propensity to use six
different ER strategies (distraction, rumination, reappraisal, suppression, engagement, and
relaxation). Participants must rate the extent to which each of the 12 statements accurately
describes what they usually do in response to their emotions. Responses are measured on a
5-point scale (1 = not at all; 5 = very much). The score for each strategy ranges from 2 to 10,
with each strategy indexed by two items.

Difficulties in Emotion Regulation Scale (DERS [18], adapted by [31]). DERS is a 36-item
self-report questionnaire consisting of a global score of emotional regulation difficulties
and six subscales that assess specific emotional regulation problems: (a) nonacceptance
of emotional responses (6 items), (b) difficulty engaging in goal-directed behavior when
distressed (5 items), (c) impulse control difficulties when distressed (6 items), (d) lack of
awareness of emotions (6 items), (e) limited access to strategies for regulation (8 items),
(f) lack of emotional clarity (5 items). Participants are asked how often each item (e.g.,
I am clear about my feelings) applies to them. The response is given using a 5-point scale
(1 = almost never, 5 = almost always). In this scale, it is possible to obtain a score for each
subscale by adding the associated items or a total score, with all 36 items. High scores
indicate high emotional regulation difficulties.

Goldsmiths Musical Sophistication Index (Gold-MSI- [17], adapted by [32]). Gold-MSI
is a self-report inventory that describes the different facets of skilled musical behavior in
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the general population. The facets of musical behavior are grouped into five dimensions:
(1) active engagement, e.g., Music is kind of an addiction for me—I couldn’t live without it;
(2) perceptual abilities, e.g., I can tell when people sing or play out of tune; (3) musical training,
e.g., Ican play ___ musical instruments; (4) singing abilities, e.g., I can sing or play music from
memory; (5) emotions, e.g., Music can evoke my memories of past people and places. Besides
these five dimensions, the Gold-MSI also provides a General Musical Sophistication factor
that incorporates some items of the above-mentioned scales. Gold-MSI has two parts: In
the first part, participants rate their agreement with every statement (31 items) on a 7-point
scale, anchored by 1 = Completely Disagree and 7 = Completely Agree; in the second (7 items)
they indicate at which frequency they were involved in music-related activities, e.g., I have
had formal training in music theory for 0/0.5/1/2/3/4-6/7 or more years. High scores indicate
high musical sophistication.

2.2.3. Executive Functioning Tasks

Inhibitory control (IC): Inhibitory control was assessed with the Emotional Stroop [33].
Here, participants are exposed to three 100-word sets (positive vs. negative vs. neutral
valence) and asked to name the ink color of each word. Since cognitive conflict can arise
from semantic-related emotional interference coming from positive or negative words, in-
hibitory control is required for successful task completion. The magnitude of the Emotional
Stroop effect, indicating inhibitory control deficits, is measured by the difference between
the number of ink colors named on emotional words and the number of ink colors named
on neutral words.

Working Memory (WM): The backward portion of the digit span (WAIS-IV; [34]) was
used to assess WM. Each item of this test has two sequences of numbers. Participants are
asked to repeat each sequence in reverse order after it is read. To obtain 1 point, participants
need to be successful in both spans. Only the backward span was applied because it is the
one that is particularly dependent on working memory. WM ability is measured by the
number of correct items.

Affective Flexibility (AF): Affective flexibility was measured using a design similar to
that described by [35]. In this task, participants are asked to classify a series of emotional
pictures based on two rules that switch along the task: neutral and affective rules. The
neutral rule asks for classifications of the image based on the number of human beings
shown, whereas, for the affective rules, the classification is based on valence. Rule switching
is unpredictable, and the ability to switch with little cost indicates effective flexibility. The
outcomes of this task correspond to switch costs, which are obtained by comparing the
reaction times (RTs) on switch trials with the RTs on repetition trials. Besides global switch
costs, we calculated specific switch costs. These included negative non affective switch costs,
which concern switching to the non-affective rule when the picture was negative (NA.N);
positive non affective switch costs concern switching to a non-affective rule when the picture
was positive (NA.P); negative affective switch costs concern switching to an affective rule
when the picture was negative (A.N); positive affective switch costs switching to an affective
rule when the picture was positive (A.P). According to [32], effective reappraisal is better
predicted by increased AF in switching towards the non-affective rule in the presence of a
negative picture (NA.N).

We used a selection of 40 images from the Nencki Affective Picture System (NAPS; [36]).
The final set was split into four groups: negative pictures with one or fewer human beings,
with a mean valence of 1.75; negative pictures with two or more human beings (mean
valence = 1.94); positive pictures with one or fewer human beings (mean valence = 8.16);
positive pictures with two or more human beings (mean valence = 7.76). Pictures were
presented one at a time, randomly, with free response time and no interval between images.
Two signals on the left and right sides indicated the rule to be applied (“+” and “—" to
apply the affective rule; “<1” and “>2" to apply the neutral rule).
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2.3. Procedure

Due to the pandemic context, the experiment was conducted via video call using
Zoom (version 5.4.6.) with one participant at a time (Figure 1).

Informed consent; EF tasks; RESS-

EMA and DERS

—> Baseline 1 STAXI-2 (TP1)

Anger Induction 1

Pre-passive Regulation STAXI-2 (TP2)

PER —

Passive Emotional Regulation difference of

these scores

Post-passive Regulation STAXI-2
(TP3); Gold MSI

Baseline 2 STAX1-2 (TP4)

Anger Induction 2

Pre-active regulation
STAXI-2 (TP5)

AER-

difference of
| D-W | |R-WO| |D-WO| | R-W | these scores

Post-active regulation STAXI-2 (TP6)

!

Figure 1. Experimental sequence (EF = Executive Functions; TP = Time Point; PER = Passive
Emotional Regulation; AER = Active Emotional Regulation; D-W = distraction with music;
D-Wo = distraction without music; R-W = reappraisal with music; R-Wo = reappraisal without music).

After reading and signing the informed consent, participants answered the sociodemo-
graphic questionnaire, filled in RESS-EMA and DERS, and performed the three executive
function tasks measuring IC, WM, and AF in counterbalanced orders. To record the accu-
racy and RTs at the AF task, we used the OpenSesame software (version 3.3.5.), with a link
sent to participants through Mindprobe/]Jatos (version 3.5.1).

The remainder of the session was structured upon two moments of anger induction:
the first followed by passive regulation, common to all participants, and the second by
active regulation, differing across groups. For anger induction, an autobiographical memory
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task was used, where participants received instructions to recall an autobiographical event
during which they felt “really angry”. This memory should still bring out those feelings of
anger. Participants had three minutes to evoke the episode associated with feelings of anger
and then were asked to type a narrative about the evoked memory. The autobiographical
memory task was chosen because of its ecological validity and its capacity of inducing
angry mood states with changes in valence and arousal [37]. Participants were asked to
evoke the same episode in the two anger induction moments. During the second, they were
encouraged to elaborate on the previous memory by adding details to the narrative that
had been written in the first anger induction moment. We were aware that this elaboration
could lead to the decrease of anger in a second anger induction. Nevertheless, we chose this
method to control for potential differences between two evoked moments and to counteract
the possibility that the participant did not have more than one episode of anger to remember.
Between the two core moments of anger induction plus the regulation, participants filled in
the Gold-MSI to help them return to baseline.

After the first anger induction moment, passive emotional regulation took place, lasting
5 min. Here, all participants were encouraged to avoid regulation attempts. To counteract
the natural tendency for self-regulation, we told them: “Allow yourself to continue to feel
the anger that you were feeling previously about the evoked memory, as you naturally
would” (see [38]).

In the active regulation task, instructions varied according to the between-subjects
condition. Two groups (D-W and D-Wo) were instructed to use distraction (D) strategies
and encouraged to deflect their attention to something other than the anger-inducing event
(see Appendix C for results). In the D-Wo group, they had to choose an activity unrelated to
music, while in the D-W group they were instructed to use a self-chosen song for distraction.
The other two groups were instructed to use reappraisal (R), which is typically done by
reinterpreting the meaning of an emotional situation [39]. Therefore, we encouraged
participants to reinterpret the evoked situation in order to decrease their emotional impact.
One group was told to listen to a self-chosen song to help them reinterpret the situation (R-
W), while the other was only told to apply the reappraisal strategy (R-Wo, see Appendix B).
All participants chose songs in a strict sense—i.e., none used instrumental music. As in
passive regulation, all participants were given 5 min to accomplish the task. Some authors
claim that ER should be implemented at a specific point of the emotional process to be
effective (e.g., [40]), while others do not. For instance, [41] defend that ER can be conceived
as a continuous and accumulating process, where ER strategies would be effective at
any point from the moment that the emotion-triggering event occurs. Since we could
not determine the exact stage of the emotional process in our participants, we follow the
suggestion of [41].

Along the session, STAXI 2 was filled in six times (Figure 1): (1) as a first baseline;
(2) after the first anger induction, indicating pre-passive-regulation anger; (3) after pas-
sive regulation (post-passive-regulation anger); (4) as a second baseline, after Gold-MSI;
(5) after the second anger induction, indicating pre-active-regulation anger; (6) after active
regulation (post-active-regulation anger). The time gap between (3) and (4) corresponded
to the time participants took to fill in the Gold-MSI questionnaire, which was about 5 min.
Lastly, participants answered the emotional regulation follow-up questions (see Table 1).
The entire experiment took about 50 min to complete. Participants saw the experimenter on
screen only when instructions were being provided. During task performance, the cameras
from the two parts were shut off. The experimenter was not able to see what participants
wrote for the autobiographical memory until the end of the experiment.

2.4. Data Analysis
2.4.1. Dependent Variables
The main dependent variable in our study was ER intensity during the session, refer-

ring to changes in anger after regulation as measured by STAXI-2. Specifically, STAXI-2
ratings obtained after each anger induction task were subtracted from those obtained be-
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fore (pre-regulation minus post-regulation, resulting in positive values if anger decreases).
Since we had two regulation moments, we had two indices of emotional regulation in-
tensity: PER (passive emotion regulation), expected to be null or negative, and AER
(active emotion regulation), expected to be positive (Figure 1). We used ER type (AER
vs. PER) as a within-subjects factor to obtain a baseline-corrected measure of ER intensity
(how larger AER was compared to PER). We refer to this baseline-corrected measure as
emotional requlation efficacy.

The second dependent variable was perceived success in emotional regulation. It was
obtained from one of the emotional regulation follow-up questions. Specifically, we analyze
the answers, yes or no, to the question “Did you feel difficulties in the (active) emotional
regulation task?” (Question 1, Table 1). This variable was confronted with changes in
STAXI-2 ratings for comparisons between objective efficacy and perceived efficacy.

The last dependent variable concerned our second goal, and it corresponded to the
type of reappraisal made by participants. It was accessed by the question “How did you
reappraise the emotional situation?” (Question 2, Table 1). Responses to the remaining ques-
tions regarding subjective perceptions of the regulation process (questions 3 to 6, Table 1)
were aggregated to the analyses of reappraisal modes, as included in our second goal.

2.4.2. Control Analyses

To see if the four groups were equivalent in terms of emotional regulation difficulties
and preferred strategies, we computed participants’ scores for DERS and RESS EMA. In
this respect, we conducted one-way ANOVAs to control for the presence of between-group
statistically significant differences.

To make sure the anger induction worked, we calculated the anger induction intensity
based on the STAXI-2 score results and compared these values against zero with one-
sample tests. Anger induction measures were obtained by subtracting STAXI-2 ratings at
the baselines from ratings after the respective anger induction tasks (pre-passive regulation
minus baseline 1 and pre-active regulation minus baseline 2). To make sure we had
significant ER intensity in the active regulation task and non-significant ER intensity in
passive regulation, we also performed one-sample t-tests against zero for PER and AER.
These tests were preceded by a repeated measures ANOVA with STAXI-2 scores in all time
points, aiming to test for state-anger variation across the six time points.

For the AF task, we eliminated outlier trials with values above and below a window
defined according to the outlier labeling rule: we calculated the upper and lower quartiles
for each participant and multiplied these two values by g = 2.20 [42] to establish the
demarcation points of the window. We then conducted a paired-sample t-test comparing
RTs on switch trials with RTs on repetition trials to check for the presence of significant
switch costs in global and specific AF tasks.

To check whether there was a significant Stroop effect in the emotional Stroop task, we
performed a paired-samples t-test comparing the number of ink colors named in neutral vs.
emotional conditions (neutral vs. negative; neutral vs. positive).

2.4.3. Music Effects on ER Moderated by Musical Sophistication and Executive Functioning

To test music effects on the implementation of ER strategies, we fit a linear mixed effects
regression with ER intensity (an objective measure of regulation) as the outcome variable.
ER type (passive, PER vs. active, AER), music (yes vs. no), and strategy (distraction vs.
regulation) were entered as fixed factors with all main effects and interactions considered
(ER type*music*strategy). Participants were considered random factors. We used the Imer
function from the Ime4 package [43] from R (version 1.4.1106). To assess the subjective
experience of regulation, we analyzed the answers (yes or no) given to the question “Did
you feel difficulties in the (active) emotional requlation task?”. We performed two chi-squared
tests for independence to see if the answers to that question differed according to music
(D-W vs. D-Wo and R-W vs. R-WO).
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To investigate the moderating role of musical sophistication, we computed another
model adding the Gold-MSI total score as a fourth fixed factor (ER type*music*strategy*Gold-
MSI). The two models were compared using the ANOVA function. Comparisons were
made based on AIC (Akaike Information Criterion) values [44]. Significant interactions
engaging ER type were broken down into further analyses by subsets. Critical alpha levels
were set to 0.05.

Similarly, we tested a model adding executive functioning to the previously described
2 x 2 x 2 basic model. To verify the expected non-association between executive functioning
tasks, we computed the correlations among the three tasks (inhibitory control/emotional
Stroop, digit span, and affective flexibility in its four variants). None reached significance
(p > 0.07 before correction for multiple comparisons, see Supplementary Materials 52). Execu-
tive Functioning Tasks). We also ran an exploratory factor analysis which, in line with the
correlation results, showed no aggregation of any of the six tasks into the same factor (see
also Supplementary Materials, S2 file). Therefore, we approached executive functioning
measures as separate variables. To reach the best model, we made multiple model com-
parisons engaging up to two executive-functioning-related covariables. (Supplementary
Materials, S3 file) and adopted the model with the lowest AIC [44]. The linear mixed effects
model incorporating executive functioning had ER type, music, strategy, and executive
functioning variables as fixed factors, and participants as random intercepts. Critical alpha
levels were set to 0.05.

2.4.4. Reappraisal Mode with vs. without Music

Focusing on the active ER task using reappraisal, we analyzed the answers to the
question “How did you reappraise the emotional situation?” (Question 2, Table 1) to find out if
participants in the R-W condition reappraised the emotional situation in a different way
when compared to participants in the R-Wo condition. With this intention, we made a
content analysis, and we counted the references that were inserted in each category (R-W
vs. R-Wo). The content analysis followed a deductive procedure, based on the a priori
category of interest empathy, mixed with an inductive logic that allowed new categories to
emerge from the remaining answers. Alongside, we analyzed the features that participants
had focused on during the reappraisal task (with and without music; question 6, Table 1).

Lastly, and following the idea that the way participants reappraise a situation would
change depending on the presence of music, we examined if reappraisal modes associated
with music listening would favor an ER that extends over time, in other words, we analyzed
the answers given to the question (3, Table 1) “In the future, if you remember that emotional
situation again, the levels of anger evoked by her would be the same?” and (5, Table 1) “Do you
think you will be able to deal better with the emotional situation?”.

3. Results
3.1. Control Analyses

Comparisons across the four groups were carried out for emotional regulation abilities
and strategies (Table 2). Results showed no significant differences.

Concerning STAXI-2 values across the experiment, the repeated measures ANOVA
showed statistically significant differences across the six time points, F (5235) = 43.885,
p <0.001, thus justifying further local comparisons. Regarding anger induction (Table 3),
one sample t-tests showed that it was significantly above zero in anger induction 1
(M =0.699, SD =0.649), t(47) = 7.45, p < 0.001, d = 1.08, and anger induction 2, (M = 0.628,
SD =0.679), t (47) = 6.40, p < 0.001, d = 0.923. As for the effect of passive vs. active ER
tasks, the results from one sample f tests showed that AER was significantly above zero,
t(47) = 6.80, p < 0.001, d = 0.981, meaning that there was a change between pre- and post-
active ER moments (M = 0.580, SD = 0.591). PER was not significantly different from zero,
t(47) = —0.89, p = 0.374, d = —0.130, meaning that there was a non-significant negative
change (M = —0.061, SD = 0.471) between pre- and post-passive ER moments.
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Table 2. Emotional regulation skills across experimental groups.

Instrument/Task bW MDe-;;E 0(Standard Dev1la;’fl‘/(:]n) EWo One-Way ANOVA
DERS
Total Score 105( 12.8) 105 (13.1) 105 (10.8) 102 (11.2) p=091,7>=0.01
Awareness 17.8 (3.21) 17.8 (1.78) 17.8 (2.5) 17.7 (2.56) p=0.99, 5% =0.001
Clarity 9.71 (1.79) 9.71 (1.35) 10.9 (1.80) 10.1 (2.02) p=0.35,72=0.072
Strategies 19.2 (3.43) 19.8 (2.04) 18.9 (2.14) 18.3 (2.58) p=0.57, 172 =0.044
Impulse 12.9 (4.46) 13.2 (4.46) 12.6 (2.90) 12.6 (3.48) p=0.97,52=0.005
Nonacceptance 20.3 (1.75) 19.9 (2.57) 19.8 (2.09) 19.4 (2.47) p=0.84, 772 =0.019
Goals 25.4 (7.92) 25.1 (7.47) 24.9 (4.96) 24.3 (6.63) p =098, 52 = 0.004
RESS EMA
Rumination 6.7 (1.36) 7.86 (1.49) 7.75 (1.48) 7.83 (1.62) p=0.26,732=0.086
Relaxation 7.4 (1.35) 6.43 (1.43) 7 (1.83) 7.08 (1.26) p =047,7% =0.055
Reappraisal 7.1(1.18) 7.36 (1.51) 7.33 (1.75) 8.42 (0.95) p=0.13,7%=0.119
Engagement 7.3 (1.67) 7.36 (1.85) 6.67 (1.80) 6.92 (1.66) p=0.76,1% =0.026
Distraction 7.2 (1.84) 7.57 (1.83) 7.5(1.19) 8 (1.22) p=0.71,7%=0.030
Suppression 4.6 (1.80) 5.14 (1.62) 6.08 (1.80) 6.17 (1.77) p=0.14,7%=0.115

Note. DERS = Difficulties in Emotional Regulation Scale; RESS EMA = regulating emotion systems in everyday
life inventory.

Table 3. STAXI-2 ratings (mean and standard deviation) across all time points and resulting values of
anger induction and emotional regulation intensity (TP = Time Point; asterisks indicate significant
differences from zero).

TP1 TP2 TP3 TP4 TP5 TP6
Mean (SD)  1.11 (0.15) 1.81 (0.69) 1.88(0.67) 1.16(0.21) 1.79(0.76)  1.21(0.28)
Anger (first, TP2-1) (second, TP5-4 )
Induction 0.70(0.64) * 0.62 (0.67) *
lfé“?:fa‘fl‘srll (passive, TP4-3) (active, TP6-5)
gwat —0.07 (0.47) 0.58 (0.59) *
Intensity

Regarding the presence of Stroop effect, results of a paired sample t-test showed that
the number of ink colors in neutral words read by participants (M = 59.3, SD =16.1) in
45 s was significantly higher than the number of ink colors of negative words (M = 52.2,
SD =15.3), t(47) = 6.64, p < 0.001, d = 0.945, indicating the presence of a significant emotional
interference of negative words, and thus a significant Stroop effect. We did not find a
significant difference for the positive words (M = 60.8, SD = 15.7) compared to neutral
words (M =59.3; SD = 16.1), +(47) =-1.39, p = 0.171,d = 0.211.

Concerning switch costs and as a result from the paired samples t-test, we found that
the global RTs on switch trials (M = 2483, SD = 1061) were significantly longer than the
global RTs on repetition trials (M = 2090, SD = 7163), t (935) = —18.4, p < 0.001, d = 0.077,
confirming the presence of switch costs.

3.2. Music Effects on ER

Concerning the subjective experience of music effects on ER, Chi-squared tests indi-
cated that, in the distraction condition (n = 24), responses to the question “Did you feel
difficulties in the (active) emotional regulation task?” did not differ as a function of listening
to music, x2(1, 24) = 0.098, p = 0.754. Conversely, in the reappraisal condition (n = 24),
participants who listened to music showed a significantly larger number of “no difficulties”
responses, x2(1, 24) = 6.171, p = 0.013.

Regarding music effects as measured by STAXI-2 changes, the basic model (ER
type*music*strategy) showed a significant main effect of ER type (Beta = — 0.68;
CI = —1.11--0.25; p = 0.002, Table 4), showing a generalized success in ER (AER more
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successful than PER). There were no significant interactions, indicating no evidence in favor
of music or strategy effects on ER intensity.

Table 4. Effects of ER type, music, and strategies on emotional regulation intensity.

Emotional Regulation Intensity

Predictors Estimates CI 4
(Intercept) 0.72 0.40-1.05 <0.001
ER type [passive] —0.68 -1.11--0.25 0.002
strategy [R] —0.20 —0.64-0.24 0.369
music [Y] —0.20 —0.63-0.22 0.355
ER type [passive] * strategy [R] 0.02 —0.57-0.60 0.957
ER type [passive] * music [Y] 0.14 —0.42-0.71 0.617
strategy [R] * music [Y] 0.26 —0.34-0.86 0.391
(ER type [passive] * strategy [R]) * music [Y] —0.20 —0.99-0.59 0.622
SD (Intercept) 0.18
SD (Observations) 0.70
Random Effects
o? 0.24
T00 ID 0.03
ICC 0.12
N1p 48
Observations 96
Marginal R2/Conditional R2 0.286/0.370

Note. Marginal R? = variance explained by fixed factors; Conditional R? = variance explained by fixed and random
factors; bold = p < 0.05.

3.3. Music Effects on ER Moderated by Musical Sophistication

The model adding Gold-MSI as a fourth factor (ER type*music*strategy*Gold-MSI)
showed improved fit compared to the basic model (x2(8) = 22.5, p =0.004, AIC = 161.02
vs. 167.53). Along with a main effect of ER type (Beta = 2.37; CI = 1.13-3.60; p < 0.001,
Appendix A, Table A1), we found several significant interactions, including the highest-
level interaction ER type x music x strategy x Gold-MSI (Beta = —0.05; CI = —0.09-—0.01;
p = 0.009). We broke down the latter by analyzing high- vs. low-Gold-MSI participants,
divided according to a median split.

Low-Gold-MSI (Figure 2) showed a significant interaction for ER type x strategy
(Appendix A, Table A2). Further analyses considering distraction and reappraisal separately
showed significant effects of ER type (significant ER efficacy) in reappraisal (Beta = —1.16;
CI = —1.84-—0.48; p = 0.001), but not in distraction (Beta = —0.32; CI = —0.78-0.15; p = 0.178).
None of the two analyses showed significant interactions between ER type and music. In
sum, Low-Gold-MSI participants were able to achieve an effective regulation only by using
reappraisal, but music was irrelevant for success.

High-Gold-MSI participants (Figure 2) showed a significant main effect of ER type. All
the interactions were significant (Appendix A, Table A3), indicating a relevant role for music.
We broke down the highest-level ER type x music x strategy interaction by conducting four
analyses, one per music x strategy condition (D-W, D-Wo, R-W, R-Wo). All four analyses
showed significant effects of ER type (D-W: Beta = —0.51; CI = —0.90-—0.13; p = 0.008;
D-Wo: Beta = —1.51; CI = —2.87-—0.16; p = 0.028; R-W: Beta = —0.68; CI = —1.12-—0.24;
p = 0.002; R-Wo: Beta = —0.50; CI = —0.82-—0.17; p = 0.002). However, looking at effect
sizes as indicated by estimates, we saw different patterns for distraction vs. reappraisal:
in distraction, participants showed an increased effect size (Beta = —1.51) without music
(vs. with music, Beta = —0.51), while in reappraisal the effect size was larger with music
(Beta = —0.68, vs. without Beta = —0.50).

In summary, while music was irrelevant to low-Gold-MSI participants, it had some
influence on those with higher musical sophistication levels. In the latter, music benefitted
reappraisal but harmed distraction.
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Figure 2. ER intensity according to ER type, music, and strategy (distraction vs. reappraisal)
for Low vs. High-musical-sophistication participants. Asterisks indicate significant ER efficacy.
Bold beta values point to increased effects of music. In low-musical-sophistication participants,
music had no effects; in high-musical-sophistication participants, music benefitted reappraisal, but
harmed distraction. Asterisks indicate significant ER efficacy. Bold beta values point to increased

effects of music.

3.4. Music Effects on ER Moderated by Executive Functioning

The best model among all comparisons engaging up to two EF variables was the
one with working memory as measured by digit span (DS) and NA.N (negative non-
affective switch costs) as covariates (Supplementary Materials S3). Low NA.N means
lower switch costs, hence high effective flexibility. The analysis showed a significant
ER type*music*working memory interaction (Beta = —0.67, CI = —1.19-—0.16, p = 0.011,
Appendix B, Table A4). Therefore, we broke down the analysis into low- vs. high-working-
memory participants (ER type*music*strategy*affective flexibility), based on a median split.
Due to the characteristics of the scores (integers, giving rise to several instances of median
=4), two unequal groups were generated (low DS, n = 44; high DS, n = 52).

Low DS participants (see Figure 3) showed a significant interaction between ER type,
music, and strategy (Beta = —1.25, CI = —2.46-—0.03, p = 0.044, Appendix B, Table A5). We,
therefore, broke down the analysis further, considering distraction vs. reappraisal. For
Low DS/distraction, ER type interacted significantly with music (Beta = 1.11, IC = 0.20—2.03,
p = 0.017). Breaking down the analysis further, we observed significant ER intensity for
both Low DS/ distraction with music (Beta = —0.47, CI = —0.85-—0.10, p = 0.013).) and Low
DS/ distraction without music (Beta = —1.59, CI = —2.66——0.51, p = 0.004).), but the estimate
was larger for distraction without music. In contrast, Low DS/reappraisal participants
showed a significant effect of ER type (Beta = —0.74, CI = —1.13-—0.36, p = < 0.001) without
further interactions. Thus, for participants with low DS (low working memory resources),
music seems to be relevant when they try to distract, but not when reappraising, and
distraction seems to decrease with music.
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Figure 3. ER intensity according to ER type, music, and strategy (distraction vs. reappraisal) for
low- vs. high-working-memory participants and, within the latter, for participants with high vs. low
affective flexibility. In low-working-memory participants, distraction was decreased by music. In
high-working-memory participants with low affective flexibility, distraction benefited from music.
Asterisks indicate significant effects.

High DS participants showed a significant ER type*music*affective flexibility interac-
tion (Beta = —0.00, IC = —0.00-—0.00, p = 0.012, Appendix B, Table A6). We split the sample
into high- vs. low-affective-flexibility individuals, calculating a model for each group.

High DS/high-affective flexibility (Figure 3) participants showed a significant effect of ER
type (Beta = —0.77, CI = —1.50-—0.03, p = 0.04) without further interactions. In contrast, the
High DS/low-affective-flexibility (Figure 3) showed an interaction between ER type, music,
and strategy (Beta = 0.78, CI = 0.15-1.42, p = 0.016). We broke down the analysis further by
strategies and found that the High DS/low-affective-flexibility/distraction group was affected
by a significant ER type*music interaction (Beta = —0.95, CI = —1.44-—0.45, p = < 0.001).
Splitting the analysis by music, we found significant ER type effects in both conditions
(With music: Beta = —1.10, CI = —1.68-—0.52, p = < 0.001; Without music: Beta = —0.15,
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CI = —0.26-—0.04, p = 0.006), but an increased effect size when music was present. As
for High DS/low-affective-flexibility/reappraisal, the effect of ER type was non-significant
(Beta = —0.18, CI = —0.53-0.16, p = 0.304).

In summary, while music seemed to be irrelevant for participants with high working
memory and high affective flexibility, it showed a relevant role for those with high working
memory and low affective flexibility in distraction, which was carried out more successfully
with music.

3.5. Reappraisal Mode with vs. without Music

First, we tried to identify the answers that fit into our predefined category: empathy.
Empathy concerns the attempt to understand the other person’s feelings and emotions and
comprehend nonjudgmentally the negative experiences of another self [45]. Some authors
refer to two aspects of empathy: cognitive and affective. Cognitive empathy refers to the
ability of a person to perceive things from the other’s point of view. Affective empathy
concerns the human ability to vicariously share an emotion [46].

From the remaining answers, four categories emerged (see Figure 4): positive side/learning,
relativization, detachment, and justification. In the positive side/learning category, partici-
pants tried to extract the positive aspects of the emotional situation and focus on what they
learned from that. When they relativized, participants tried to introduce new elements
that mitigate the importance of that situation and look at the situation in a non-absolute
way. In detachment, participants tried to distance themselves from the emotional situation,
seeing it from an outside point of view. Finally, in justification, participants tried to find a
justification for the emotional situation.

o
o)
o 9 R-W
8
O - R-Wo
i
a 6
g 5
5 4
a
ﬁ 3
u 2
N 1
20
w Positive side, L
e Empathy Relativization Detachment  Justification
HEJ learning
CATEGORY

Figure 4. Number of answers for each reappraisal mode category (R-W = reappraisal with music;
R-Wo = reappraisal without music).

The features that participants focused on in each reappraisal mode can be consulted in
Appendix C.

In the R-W condition, participants dominantly reappraised the situation in empathic
ways. There seemed to be an increase in cognitive empathy. In contrast, participants in the
R-Wo condition focused mainly on trying to see the positive aspects and what they had
learned to reappraise the situation.

When participants used empathy to reappraise the situation—dominant reappraisal
mode under music—(n = 8), six of them (75%) stated that, in their perspective, the levels
of anger would be lower if they remembered the situation again. When they focused on
the positive aspects of the things they learned—the dominant reappraisal under no music
(n = 6), only two of them (33.3%) said that the feelings of anger would not be the same.
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Thus, the reappraisal mode associated with music seemed to have been perceived as having
more long-lasting effects than that associated with the absence of music.

As for the other question concerning the long-term efficacy of reappraisal (Do you think
you will be able to deal better with the emotional situation in the future?), only one participant
(who tried to relativize the situation) responded in a negative way. Relativization was not
dominant with music nor without music.

4. Discussion

This study had two main objectives. First, we aimed to test the facilitating effect of
listening to music on the implementation of two specific ER strategies, distraction, and
reappraisal, and if this effect is moderated by musical sophistication and/or executive
functioning skills. Second, we aimed to determine whether music listening influences the
way in which reappraisal is made, specifically whether music listening promotes empathic
reappraisal modes.

4.1. Facilitating Effect: Does Music Make it Easier?

We started by testing the effects of listening to music, without considering musical
sophistication or executive functioning as covariables. In line with Baltazar et al. [14],
we observed no evidence that music facilitates the effectiveness of regulation strategies
as measured by anger reports (objective measures of regulation). However, subjective
measures (perceived success in emotional regulation) showed that participants who tried
reappraisal with music reported fewer difficulties than those who did not listen to music.

There are several potential explanations for this apparent contradiction between the
two measures of emotional regulation (objective vs. subjective). One relates to problems in
objective measures of regulation and includes the possibility that the instrument used to
measure state-anger (STAXI-2) failed to capture anger changes properly. For example, the
instrument contained an item (“I feel bored”) that attempted to target the way participants
felt at that moment due to remembering the annoying event. However, it is not impossi-
ble that participants reported their level of boredom resulting from participating in the
experiment, instead of referring to the evoked emotional situation. Another explanation
relates to possible frailties of subjective reports. The Social Cognitive Theory [22] postulates
that music listening is guided by beliefs about the effects of music on emotional regulation.
These beliefs can be created by experience and vicarious learning [9]. Therefore, if our
participants used music to reappraise their emotional situation prior to the experiment,
they might have gone through the session believing that music would help in ER, even if it
did not. Future research could take into account participants’ beliefs related to music and
emotional regulation. It could also consider using another self-report anger measure.

4.2. The Moderating Role of Musical Sophistication

Consistent with the idea that music is more relevant to higher than to lower musical
sophistication individuals, our first finding was that music effects on objective measures
of regulation were restricted to higher musical sophistication participants. Listening to
music made a difference in the ER of higher musical sophistication participants for both
distraction and reappraisal, but the effect of music was opposite across strategies: while
music benefitted the implementation of reappraisal, it harmed the implementation of
distraction. How can we account for this detrimental effect of music during distraction?
One possible explanation is that, besides the need to be interesting/relevant, a distractive
strategy should be complex and/or unexpected [6]. It is possible that individuals with
higher musical sophistication tend to become increasingly selective and require very high
levels of complexity or surprise to achieve distraction. Another possibility is that musically
sophisticated individuals are more susceptible to the emotions induced by music [47] and
are, therefore, more susceptible to emotional overloads that make the distraction task harder.
According to Patston and Tippett [48], musicians show decreased performance in cognitive
tasks during music listening. Also, in line with this idea of a trade-off between cognitive
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processing and emotionality, it has been shown that increases in cognitive load during a
distracting activity can be related to decreased activation of the emotional system, and
vice versa [6]. Regarding the positive effects of music in the reappraisal condition—which
were limited to high-musical sophistication participants, it should be noted that these
may not be fully in line with available evidence coming from music-therapy studies. For
instance, [49] found that Cognitive Behavioral Therapy (CBT)—a therapeutic approach
where reappraisal has a prominent role—combined with music is effective at relieving
anxiety in students. However, the authors did not compare CBT alone with CBT combined
with music (we do not know which component was critical: CBT or its combination with
music), nor did they measure the musical sophistication of participants (they could be all
musically sophisticated, in line with our findings). As for the null effect of music on the
emotional regulation of less musically sophisticated participants that we found, it may at
odds with evidence that music therapy sessions can be helpful to induce distraction in the
elderly during clinical exams or therapy [50], though, once again, no measures of musical
sophistication were presented in this study, and we cannot rule out that participants were
highly musical. In general, our findings highlight the importance of considering musical
sophistication when it comes to approaching emotional regulation aided by music. Though
according to our findings, musical sophistication may modulate the outcomes of emotional
regulation interventions, it has not often been considered, at least as much as it has been in
studies addressing cognitive improvement (e.g., [51]).

4.3. The Moderating Role of Executive Functions

Taking the best model containing executive-functioning-related factors, we observed
that working memory and a specific domain of affective flexibility (NA.N, the ability to
switch into a neutral mode after being exposed to negative stimuli) moderated the effects
of music.

Starting with working memory, participants with lower working memory levels
showed detrimental effects of music, while those with higher levels showed benefits. In
lower working memory participants, music made distraction more difficult. One expla-
nation may be that lower working memory participants have more difficulty in keeping a
goal in mind [52] the goal of achieving distraction. Because music promotes emotions and
mind-wandering [6,53] music may have driven participants’ attention back to the problem
(emotional situation) they were trying to ignore. Conversely, high working memory partic-
ipants may have been more able to pursue their goal of getting distracted and avoiding
problematic memory.

Music was either irrelevant or beneficial for distracting participants with higher
working memory abilities. These different effects (null vs. beneficial) depended on effective
flexibility. When effective flexibility was high, music was irrelevant; when low, it was
beneficial. Unlike the previous moderating effect of working memory, the moderating
effect of affective flexibility is in line with our hypothesis. When both working memory and
affective flexibility were high, music was irrelevant maybe because participants had all the
conditions to distract themselves without needing extra tools like music. In contrast, when
participants had greater difficulties in changing into a non affective rule (focusing on the
neutral features of the stimulus, in the presence of a negative stimulus), they were able to
better distract themselves in the presence of music. The reason why music compensates for
the lack of this executive functioning skill is not completely clear. One possible explanation
is that the difficulty to focus on the neutral features within the negative stimulus can be
overcome by focusing on the neutral features of music. According to this, participants
in the distraction with music condition would possibly be focusing on the more neutral
aspects of music, like rhythm.

In sum, we found evidence against, but also in favor of our hypothesis. While low
levels of working memory do not seem to make participants use music as a support tool,
low levels of affective flexibility in a specific domain have the effect we predicted, provided
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that higher levels of working memory are available. These results should be investigated
further with larger and more controlled samples regarding executive functioning.

4.4. Reappraisal Mode: Does Music Make It Different?

Regarding the second objective of this study, we observed differences between music-
related conditions in the way participants reappraised the emotional situation. Most
participants used empathy-based reinterpretations in the reappraisal with music conditions.
It is well-known [21] that prosocial songs exert an influence on participants’ feelings and
thoughts, leading to increased empathy. Interestingly, in our study, we found that the
musical features that participants engaged with when using reappraisal were mostly the
feelings and memories evoked by the song. Although all songs had lyrics, lyrics were not
the dominant driver of empathy (Appendix C).

The reason why music per se, without words, could generate empathy is not clear.
Empathy is a process and not an emotional state, and various components in music may
lead to a greater sense of empathy, such as mimicry and cognitive processes [53]. Mimicry
concerns the predisposition to mimic the perceived emotional states of others, increasing,
in turn, the predisposition to empathize with them. When listening to music, we tend to
mimic the emotional state expressed by the song [54]. Considering that this mimic-related
process is automatic and does not require higher-order cognitive processes [54], it is possible
that mimicked emotions occur. Another potential explanation is that music increases the
efficacy of cognitive processes underlying empathy, like perspective taking and inferences
about the other’s mental state or intentions. Through visual imagery, music can lead to the
creation of scenarios that make the emotional situation more prone to reappraisal. This
visual imagery can co-occur with episodic memory, allowing people to visualize a specific
event in their lives. These specific events, evoked by music, are usually related to social
relations and can serve a nostalgic function [55]. In such cases, music could lead to the
remembering of past positive events with the person that is now involved in the anger
situation, leading to a better understanding of the situation and the way things happened
the way they did. Future research could investigate these hypotheses, contributing to shed
more light on the relationship between music and empathy. It is known that music therapy
allows anger management and the improvement of coping strategies in forensic psychiatric
patients [56], which might be related to the link between music listening and empathy that
our study highlighted.

Participants who reappraised the situation in an empathic way answered yes more
frequently to the questions “In the future, if you remember that emotional situation again, the
levels of anger evoked by her would be the same?”. Future research could test further these
preliminary results by investigating if this effect does extend in time and the reappraisal of
that situation worked upon integration of participants’ life narratives, or, on the contrary,
if these feelings of empathy and understanding are only evoked when listening to music.
Even if participants who reappraised the situation in a more emphatic way were those that
listened to music, this does not mean that there is a correlation.

4.5. Other Limitations and Prospects

A major limitation of our study concerns anger measures. Our objective measures
of regulation success were based on self-reports of anger. Self-report measures may be
biased by social desirability or demand effects [57], so future studies should include
psychophysiological measures of anger in their experimental procedure.

In addition, we did not control for the possibility that some participants did not
have enough memory skills to evoke the feelings of anger, resulting in lower self-reported
anger, and lower ER intensity. Even when participants had a personal situation to recall,
the fact that they had to recall it twice could have led to a decrease in their emotional
impact, resulting in contamination on ER intensity. The two latter limitations can be
avoided in the future by using non-personal stimuli to induce emotions, such as emotional
pictures or films.
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Although we have explicitly asked participants to recall an event that made them
feel angry, those events could have elicited other emotions that were not covered by the
STAXI-2, leaving some emotional experiences unnoticed. So, future research could include
self-reported measures that can evaluate a more diverse spectrum of emotions.

Concerning sample size, we recruited enough participants to capture a medium effect
(see methods, a priori power analysis). Though this is a reasonable approach to power, a
larger sample would increase the sensitivity of the design to small effects, which may have
gone unnoticed in the present study. It is also worth noting that our sample consisted mostly
of young female participants. Older people tend to be more efficient in regulating their
emotions [58]. Also, the effectiveness of emotional regulatory strategies is less consistent in
women due to sex hormone fluctuations [59]. Therefore, diversifying sample characteristics
also stands as a challenge for the future.

4.6. Quverview

The present study contributed to clarifying the influence of music on emotional
regulation. Our findings agree with the concept of musical affordance [60]. According to it,
the power of music comes from the dynamic interactions between music and the listener,
and making effective use of music in emotion regulation requires perceptual, affective, and
sensitive skills. So, maybe ER strategies are like a cognitive way of dealing with emotional
events, whereas music can be used as a tactic, provided that there are cognitive resources
and/or relations with music. In line with this, our findings showed that music was a useful
tactic only for those who are more capable to engage with music in a flexible and effective
way [17]. In the same way, music was a relevant tool for those who have trouble switching
to a non affective rule in the presence of a negative stimulus but have the working memory
skills to use music to mitigate this.

Moreover, our study highlighted the empathic way participants found to reappraising
the emotional situation in the presence of music. So, maybe music does not necessarily
reduce the emotional activation caused by anger, but it provides context to find a more
meaningful interpretation for the emotional event and promotes the subjective experience
of success in regulating emotions. As we observed, music seems to enhance the feeling
that, in the future, the problem will have a lower effective resonance, especially when
the new meaning assigned makes us understand and forgive others. So, maybe the best
use of music does not involve the containment of our emotional experience per se, but the
creation of an ideal atmosphere that allows us to integrate this emotional experience into
our life narrative.

5. Conclusions

We are very susceptible to music, and the power it exerts on us is undeniable. The way
music is described by lay people and experts makes us believe that it is like an omnipotent
entity, capable of cheering us up, calming us down, acting like a comforting friend [10],
and giving us chills [61]. In the present study, we highlighted some potentialities of music
in emotional regulation that remind us of the power of music but, not less important,
we also highlighted some limitations. Listening to music seems to serve an important
regulatory function, but this seems to depend on the listeners’ characteristics such as
musical sophistication, high working memory, and low effective flexibility. Moreover,
music seems to elicit a particular way of reappraisal based on empathy.
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Appendix A. How Participants Distracted Themselves in the D-Wo (Distraction without
Music) Condition

I put on a cheerful song and played with my pet (my cat).

I petted my cat

I talked to my mom

I went to help my brother with his homework

I saw a chess video on Youtube and I plugged the computer into the phone because
the Internet went down.

I turned on the Internet and went to Instagram.

I organized the desk

I played a mobile game

Think about what I'm going to do for the rest of the day; sing some song in my head;
think about what I want to do at the end of the confinement...

Listening to a song I like on Youtube

I went to social media

Listened to some music

Appendix B. Reappraisal Instructions

“Often, when we are thinking of something that causes us anger, we try to reappraise
the situation so that the anger feels diminished. Reappraisal consists of a reinterpretation of
the emotional event/stimulus in order to decrease its emotional impact. We can reinterpret
in a neutral or positive way. For example, we might think that our friends didn’t remember
our anniversary because it might be with some personal problems that are leaving him
with no head for other things or, although he forgot our anniversary, we had a great day
and we had fun-in the very.” Just in condition with music, add: “Now I'm going to ask you
to choose a song that you think/would help you reassess the situation”.

Appendix C. Effects of ER Type, Music, Strategies and Gold-MSI on Emotional Regulation

Table A1. Effects of ER type, music, strategies and Gold-MSI on emotional regulation intensity.

Emotional Regulation Intensity

Predictors Estimates CI P
(Intercept) —1.33 —2.38-—0.28 0.013
ER type [passive] 2.37 1.13-3.60 <0.001
strategy [R] 2.12 0.49-3.74 0.011
music [Y] 1.87 0.44-3.30 0.010
GoldMSI 0.04 0.02-0.05 <0.001
ER type [passive] * strategy [R] —3.46 —5.37-—1.55 <0.001
ER type [passive] * music [Y] —2.92 —4.60-—1.24 0.001
strategy [R] * music [Y] —-1.91 —4.10-0.28 0.087
ER type [passive] * GoldMSI —0.05 —0.07--0.03 <0.001
strategy [R] * GoldMSI —0.04 —0.06-—0.02 0.001

music [Y] * GoldMSI —0.04 —0.06-—0.01 0.002
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Table Al. Cont.

Emotional Regulation Intensity

Predictors Estimates CI P

(ER type [passive] * strategy [R]) * music [Y] 2.88 0.31-5.45 0.028
(ER type [passive] * strategy [R]) * GoldMSI 0.06 0.03-0.09 <0.001
(ER type [passive] * music [Y]) *GoldMSI 0.05 0.03-0.08 <0.001
(Strategy [R] * music [Y]) * GoldMSI 0.04 0.00-0.07 0.030
(ER type [passive] * strategy [R] * music [Y]) *
GoldMSI —0.05 —0.09--0.01 0.009
SD (Intercept) 0.26
SD (Observations) 0.63

Random Effects
o2 0.16
Too ID 0.07
ICC 0.31
N p 48
Observations 96
Marginal R2/Conditional R2 0.411/0.593

Note. Marginal R? = variance explained by fixed factors; Conditional R? = variance explained by fixed and random

factors; bold = p < 0.05

Table A2. Participants with lower musical sophistication (Gold-MSI).

Emotional Regulation Intensity

Predictors Estimates CI p

(Intercept) 0.44 0.09-0.80 0.014
ER type [passive] —0.32 —0.78-0.14 0.171
Strategy [R] 0.38 —0.27-1.03 0.249
Music [Y] 0.08 —0.42-0.58 0.752
ER type [passive] * Strategy [R] —0.84 —1.67-—0.00 0.049
ER type [passive] * Music [Y] —-0.23 —0.88-0.41 0.479
Strategy [R] * Music [Y] -0.29 —1.10-0.53 0.494
ER type [passive] * Strategy [R] * Music [Y] 0.65 —0.41-1.70 0.229
SD (Intercept) 0.20
SD (Observations) 0.66

Random Effects
o2 0.19
To0 ID 0.04
Icc 0.17
N p 24
Observations 48
Marginal R?/Conditional R? 0.333/0.446

Note. Marginal R? = variance explained by fixed factors; Conditional R? = variance explained by fixed and random

factors; bold = p < 0.05.

Table A3. Participants with higher musical sophistication (Gold-MSI).

Emotional Regulation Intensity

Predictors Estimates CI p
(Intercept) 1.38 0.80-1.96 <0.001
ER type [passive] -1.51 —2.25--0.78 <0.001
Strategy [R] —0.96 —1.63-—0.28 0.005
Music [Y] —0.86 —1.56-—0.16 0.016
ER type [passive] *strategy [R] 1.02 0.17-1.86 0.019
ER type [passive] * Music [Y] 1.00 0.12-1.88 0.025
strategy [R] * Music [Y] 0.97 0.07-1.87 0.035
(ER type [passive] * strategy [R]) * Music [Y] —1.18 —2.31--0.06 0.040
SD (Intercept) 0.24
SD (Observations) 0.68

Random Effects

o? 0.21
T00 ID 0.06
ICC 0.21
N p 24
Observations 48
Marginal R?/Conditional R? 0.378/0.509

Note. Marginal R? = variance explained by fixed factors; Conditional R? = variance explained by fixed and random

factors; bold = p < 0.05.
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Appendix D. Best Model Engaging EF

Table A4. Effects of music, strategies, ER type, NA.N and DS (working memory) on emotional
regulation intensity.

Emotional Regulation Intensity

Predictors Estimates CI 4
(Intercept) 2.15 0.87-3.43 0.001
ERtype [passive] —2.49 —4.30-—0.68 0.007
strategy [R] —0.00 —1.58-1.58 0.999
music [Y] —1.78 —3.21-—0.36 0.014
DS —0.37 —0.70-—0.05 0.024
NA.N —0.00 —0.00-—0.00 0.032
ER type [passive] * strategy [R] 0.41 —1.82-2.64 0.719
ER type [passive] * music [Y] 2.66 0.65-4.67 0.010
strategy [R] * music [Y] 0.37 —1.87-2.61 0.746
ER type [passive] * DS 0.45 —0.01-091 0.055
strategy [R] * DS —0.10 —0.51-0.31 0.641
Music [Y] * DS 0.43 0.07-0.80 0.020
ER type [passive] * NA.N —0.00 —0.00-0.00 0.640
strategy [R] * NA.N 0.00 0.00-0.00 0.030
Music [Y] * NA.N 0.00 —0.00-0.00 0.371
DS *NA.N 0.00 —0.00-0.00 0.145
(ER type [passive] * strategy [R]) * music [Y] —-2.01 —5.17-1.16 0.214
(ER type [passive] * strategy [R]) * DS —0.04 —0.62-0.54 0.901
(ER type [passive] * music [Y]) * DS —0.67 —1.19--0.16 0.011
(strategy [R] * music [Y]) * DS 0.02 —0.57-0.62 0.937
(ER type [passive] * strategy [R]) * NA.N 0.00 —0.00-0.00 0.914
(ER type [passive] * music [Y]) * NA.N 0.00 —0.00-0.00 0.367
(strategy [R] * music [Y]) * NA.N 0.00 —0.00-0.00 0.934
(ER type [passive] * DS) * NA.N 0.00 —0.00-0.00 0.764
(strategy [R] * DS) * NA.N —0.00 —0.00-—0.00 0.018
(Music [Y] * DS) * NA.N —0.00 —0.00-0.00 0.801
(ER type [passive] * strategy [R] * music [Y]) * DS 0.43 —0.41-1.28 0.317
(ER type [passive] * strategy [R] * music [Y]) * NA.N —0.00 —0.00-0.00 0.746
(ER type [passive] * strategy [R] * DS) * NA.N 0.00 —0.00-0.00 0.586
(ER type [passive] * music [Y] * DS) * NA.N —0.00 —0.00-0.00 0.323
(strategy [R] * music [Y] * DS) * NA.N 0.00 —0.00-0.00 0.973
(ER type [passive] * strategy [R] * music [Y] * DS) * NA.N 0.00 —0.00-0.00 0.938
SD (Intercept) 0.00
SD (Observations) 0.63

Random Effects

o? 0.16
Too ID 0.00
N 48
Observations 96
Marginal R? /Conditional R? 0.596/NA

Note. Marginal R? = variance explained by fixed factors; Conditional R? = variance explained by fixed and random
factors; bold = p < 0.05
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Table A5. Lower DS (lower working memory).

Emotional Regulation Intensity

Predictors Estimates CI p
(Intercept) 1.16 0.60-1.72 <0.001
ER type [passive] —1.59 —2.38-—0.80 <0.001
Music [Y] —0.61 —1.25-0.02 0.059
Strategy [R] —0.49 —1.18-0.21 0.171
NA.N —0.00 —0.00-0.00 0.106
ER type [passive] * music [Y] 1.11 0.22-2.01 0.015
ER type [passive] * strategy [R] 0.84 —0.14-1.83 0.093
Music [Y] * strategy [R] 0.66 —0.20-1.52 0.130
Retype [passive] * NA.N —0.00 —0.00-0.00 0.056
Music [Y] * NA.N 0.00 —0.00-0.00 0.343
Strategy [R] * NA.N 0.00 —0.00-0.00 0.298
(ER type [passive] * music [Y]) * strategy [R] -1.25 —2.46-—0.03 0.044
(ER type [passive] * music [Y]) * NA.N 0.00 —0.00-0.00 0.169
(ER type [passive] *strategy [R]) * NA.N 0.00 —0.00-0.00 0.201
(music [Y] * strategy [R]) * NA.N 0.00 —0.00-0.00 0.620
(ER type [passive] *music [Y] * strategy [R]) * NA.N —0.00 —0.00-0.00 0.402
SD (Intercept) 0.00
SD (Observations) 0.68

Random Effects

o? 0.21
To0o ID 0.00
N ID 22
Observations 44
Marginal R? /Conditional R? 0.601/NA

Note. Marginal R? = variance explained by fixed factors; Conditional R? = variance explained by fixed and random

factors; bold = p < 0.05

Table A6. Higher DS (higher working memory).

Emotional Regulation Intensity

Predictors Estimates CI p
(Intercept) 0.57 0.32-0.82 <0.001
ER type [passive] —0.52 —0.87--0.17 0.004
music [Y] 0.17 —0.27-0.61 0.453
Strategy [R] —0.40 —0.77--0.03 0.035
NA.N —0.00 —0.00-—0.00 0.008
ER type [passive] * music [Y] —0.44 —1.07-0.19 0.172
ER type [passive] * strategy [R] 0.23 —0.29-0.75 0.392
Music [Y] * strategy [R] 0.23 —0.35-0.81 0.442
ER type [passive] * NA.N 0.00 —0.00-0.00 0.075
Music [Y] * NA.N 0.00 0.00-0.00 0.001
Strategy [R] * NA.N —0.00 —0.00-0.00 0.611
(ER type [passive] * music [Y]) * strategy [R] 0.03 —0.79-0.85 0.948
(ER type [passive] * music [Y]) * NA.N —0.00 —0.00-—0.00 0.012
(ER type [passive] * strategy [R]) * NA.N 0.00 —0.00-0.00 0.339
(music [Y] * strategy [R]) * NA.N —0.00 —0.00-—0.00 0.028
(ER type [passive] * music [Y] * strategy [R]) * NA.N 0.00 —0.00-0.00 0.307
SD (Intercept) 0.00
SD (Observations) 0.56

Random Effects

o2 0.10
Too ID 0.00
Nmp 26
Observations 52
Marginal R?/Conditional R? 0.603/NA

Note. Marginal R? = variance explained by fixed factors; Conditional R? = variance explained by fixed and random

factors; bold = p <.05
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Appendix E

The way participants reappraised the emotional situation — with and without music;
what participants did to distract themselves in the “distraction without music” condition; and
the music features that they have focused on —both in distraction and reappraisal with music.

Appendix E.1. Reappraisal with Music (R-W)

I tried to relativize the situation (Song lyrics, Music rhythm, Feelings evoked by
music)—Relativization

I tried to look at the situation differently, thinking that everyone makes mistakes and
that people do not always know how to resolve the conflict in a calm and soothing way
(Lyrics, Rhythm of music, Feelings evoked by music)—Empathy

I tried not to give so much importance to the situation (Lyrics, Feelings evoked by
music)—Relativization

Looking at the event in a more positive way, focusing on the good times (Memories
evoked by music)—Positive side, Learning

I tried to look at the situation in another way and understand that sometimes it takes
moments like those to teach us that the path is not always right (Lyrics, Memories evoked
by music, Feelings evoked by music)—Positive side, Learning

I tried to put myself in his shoes, figure out why he behaved like that (Memories
evoked by music, Feelings evoked by music)—Empathy

I tried to see the situation differently, including from the point of view of the other
people involved (Rhythm of music, Feelings evoked by music)—Empathy

I tried to understand the other person’s point of view (Song lyrics, Music rhythm,
Feelings evoked by music)—Empathy

I tried to think about what it would be like if it was and the role of the other and
if, very likely, also would not have done the same (Memories evoked by music, Feelings
evoked by music)—Empathy

I tried to feel love and forgive (Feelings evoked by music)—Empathy

I tried to adopt someone else’s point of view and what I would probably feel, if I was
in the exact situation that I would be experiencing (Rhythm of music, Memories evoked by
music, Feelings evoked by music)—Empathy

Understanding, the execution of the situation taking into account the context, mentality
and emotions of that person (Lyrics, Feelings evoked by music)—Empathy.

Appendix E.2. Reappraisal without Music (R-Wo)

I took the situation out of the past since I had no control. The only thing I could do
about her is to prepare myself and be up to a similar situation—Positive side, Learning

It was not possible to try to adopt the point of view of the other person, but I tried to
think that I am not the only one going through identical situations and the fact of facing
the situation as a learning allowed me to control the anger—Positive side, Learning

I tried to adopt the other person’s point of view—Empathy

I tried to assess the situation in a way to understand what brought me good and how
it helped me—DPositive side, Learning

I have tried to think about the practical consequences (which is none). Think about
the reasons for the situation (which are not my responsibility). To think that the person acts
that way with everyone and that it’s nothing against me.—Relativization

Valuing the external point of view—Detachment

I tried to think that the person who acts like this does not mean it, does not intend to
do what he does, simply is not careful enough. Maybe I'm not that careful sometimes, too,
and we’re all human and we all make selfish mistakes.—Empathy

I tried to assess the benefits of the situation—Positive side, Learning

I tried to understand what I learned from the situation, how much I grew up with it
and what, in spite of everything, added good—Positive side, Learning
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I tried to think of other more positive reasons why that situation happened—~Positive
side, Learning

I tried to put myself in the other person’s shoes and try to understand their attitudes—
Empathy

Itried to find justification so that the person has behaved that way with me—Justification

Appendix E.3. Distraction without Music

I put on a cheerful song and played with my pet (my cat).

Pet the cat.

I talked to my mother.

I went to help my brother with his homework.

I saw a chess video on Youtube and I plugged the computer into the phone because
the Internet went down.

Think of a place I'd like

I turned on the Internet and went to Instagram.

Organize the desk.

Play a mobile game.

Think about what I'm going to do the rest of the day; sing some song in my head;
think about what I want to do at the end of the lockdown...

Listening to a song I like on Youtube.

Look at the window

I went to social media

Appendix E.4. Characteristics of the Music in which the Participants Focused during the D-W
Condition (Distraction with Music)

Lyrics, Music rhythm, Memories evoked by music

Lyrics, Music rhythm, Memories evoked by music

Music rhythm, Feelings evoked by music

Music rhythm

Music rthythm

Music rhythm, Feelings evoked by music, Chorus of voices

Lyrics of the song

Lyrics of the song, Music rthythm, Feelings evoked by music, Plans for the future
(including when you can leave home after the pandemic)

Lyrics, Music rhythm, Memories evoked by music, Feelings evoked by music

Lyrics, Music rhythm, Feelings evoked by music

Music thythm

Lyrics of the song, Rhythm of the song
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