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Abstract
Background
Stress and anxiety is increasingly common among young people. The current research describes
two studies comparing the effects of self-selected and researcher-selected music on induced
negative affect (state anxiety and physiological arousal), and state mindfulness.
Method
In Study 1, 70 undergraduates were randomly assigned to one of three conditions: researcher-
selected music, self-selected music, or a silent control condition. In Study 2, with 75
undergraduates, effects of music were compared to an active control (listening to a radio show).
Negative affect was induced using a speech preparation and arithmetic task, followed by music
listening or control. Self-reported anxiety and blood pressure were measured at baseline, post-
induction, and post-intervention. Study 2 included state mindfulness as a dependent measure.
Results
Study 1 indicated that participants who listened to music (self-selected and researcher-selected)
reported significantly greater anxiety reduction than participants in the silent control condition.
Music did not reduce anxiety compared to an active control in Study 2. However, music listening
significantly increased levels of state mindfulness, which predicted lower anxiety after self-
selected music listening.
Conclusions
Music may provide regulation in preparation for stressful events. Yet, the results of Study 2
indicate other activities have similar benefits, and shows, for the first time, that music listening
increases mindfulness following a stressor.
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Introduction

The prevalence of stress and anxiety today, particularly in young populations, is of growing
concern. In Ireland, almost a third of University students report psychological difficulties and
over a quarter drop out of study due to stress (Higher Education Authority, 2018). Chronic
exposure to stress and anxiety can contribute to a range of psychological and physical health
problems such as depression, high blood-pressure, and an increased vulnerability to illness
(Cohen, 1991). The need for easily accessible, cost-effective interventions for stress management

and affect regulation in student populations is thus an imperative.

Music and Regulation
Music listening is increasingly recognised as a potentially effective method of stress, mood, and
emotion regulation (Baltazar & Saarikallio, 2019). Affect regulation is often considered to be the
most important function of music listening (Juslin & Sloboda 2001) and participants who
endorse using music listening for affect regulation have been found to report higher wellbeing in
a number of studies (Groarke & Hogan, 2018). A meta-analysis of 22 experimental studies
demonstrated that music listening significantly decreased arousal due to stress (Pelletier 2004). A
more recent meta-analysis of 19 randomised controlled trials reported a significant effect of
music listening on self-reported anxiety in healthy adults (Panteleeva, Ceschi, Glowinski,
Courvoisier & Grandjean, 2018). Given that students listen to music for up to four hours a day
(Lonsdale & North, 2011) it could prove useful as an accessible everyday intervention for the
regulation of stress and anxiety in this group.

Affective experience is a multi-component process encompassing moods, emotions and
stress (Scherer, 1984), and includes both a valence component (i.e., positive to negative affect)

and an arousal component (i.e., high to low arousal; Russell, 1980). Although experientially



distinct, stress, anxiety, worry, and tension can be categorised as negatively-valenced and high-
arousal affective states.

A large body of research has focused on demonstrating how different types of music
influence both cognitive evaluations of valence and physiological indicators of arousal (e.g.,
blood pressure, heart rate, cortisol). For example, in a within-subjects experiment by Iwanaga
and Moroki (1999) participants reported greater relaxation and less tension after listening to slow
tempo versus faster tempo music. Heart rate and systolic blood pressure (SBP) were significantly
higher during faster music. The current study will examine the effect of music on both subjective
evaluations of negative affect (i.e., state anxiety) and physiological indicators of arousal (i.e.,
blood pressure) following a stressor.

In the current study, a state of negative affect (NA) was induced in participants using an
adapted version of The Trier Social Stress Test (TSST; Kirschbaum, Pirke, & Hellhammer,
1993). The TSST is a widely used paradigm using speech preparation, public speaking, and
arithmetic challenge to induce acute stress in laboratory settings. The TSST has been applied in
previous studies on the regulating effects of music (Khalfa, Dalla Bella, Roy, Peretz & Lupien,
2003). Adapted versions of the TSST protocol have also been used to examine music listening
effects on stress-related outcomes (de la Torre-Luque, Diaz-Petra, & Buela-Casal, 2017). Other
laboratory studies of music have used a variety of protocols that are very similar to the TSST,
using a combination of a speech preparation task (without public speaking) and a cognitive
challenge (e.g., Scheufele, 2000; Knight & Rickard, 2001), the prospect of performing a
cognitive challenge only (Burns, Labbé¢, Williams, & McCall, 1999), or cognitive challenge with
harassment (Radstaak, Geurts, Brosschot, & Kompier, 2014). In the current study, music

listening occurs after the introduction of the stressor (i.e., speech preparation and an arithmetic



challenge), but prior to giving the anticipated speech. This design permits an examination of
whether music listening has a regulatory effect on NA induced by a stressor in preparation for a
further stressful situation.

While the majority of experimental studies on music listening have used researcher-
selected relaxing classical music, it has been argued that self-selected music may be a
particularly successful tool for regulation (Burns et al., 1999). Thaut and Davis (1993) conducted
one of the first studies to demonstrate the increased efficacy of self-selected music in reducing
subjective anxiety relative to researcher-selected music. Consistent with these results, Eerola and
Vuoskoski (2013) urge researchers to choose ecologically valid stimuli in studies focused on
music and emotion. Notably, classical music listening is infrequent in younger age groups
(North, Hargreaves, & Hargreaves, 2004). Therefore, a focus on classical music does not
represent the typical music listening experience of young adults, and this may make it difficult to
generalise findings emerging from studies of affect regulation that prescribe classical music as a
means of supporting regulation.

At the same time, the majority of studies examining the effects of self-selected musical
stimuli have required participants’ choices to meet certain criteria, such as music which is
relaxing or stimulating (Burns et al., 1999). Constraining musical selection in this way may limit
the ecological validity of these studies, as the music that people engage with on an everyday
basis may not be selected in such restrictive ways (Schifer & Sedmeier, 2009). For example,
Nater, Abbruzzesse, Krebs and Ehlert. (2006) found that compared to classical music, heavy
metal, a genre of music popular with younger adults, produced a state of negative affect in
participants in a laboratory setting. However, Sharman and Dingle (2015) found that for fans of

heavy metal music, exposure to this music after an anger induction led to increased relaxation



and stabilisation of self-reported negative affect (NA) compared to those in a silent control
condition. North and Hargreaves (2000) found that participants who had been assigned to an
aerobics class selected high arousal music, while participants in a relaxation group chose low
arousal music. However, following exercise, participants had a preference for low arousal music.
These findings indicate that arousal regulation for different functions is an important
consideration in music selection. Everyday music listening experiences may be influenced by the
context within which the music listening is occurring, personal music preferences, and the key
functions of music listening a person is pursuing. Therefore, a more ecologically valid approach
to experimental research would be to employ self-selected music based on function and context,
for example, asking participants to select preferred music for a stressful or social situation or for

motivational contexts.

Another challenge in interpreting previous research on the effect of music listening is that most
studies have used only one control group, namely, rest with no acoustic stimulation. Studies that
have experimentally induced stress or negative affect in the laboratory also show an overreliance
on silent control conditions (e.g., Knight & Rickard, 2001; Sandstrom & Russo, 2010). It is
unclear from these studies whether the positive effects of music on affect regulation is due to the
music itself or differences in participant arousal. For example, the studies by Khalfa et al. (2003)
and Knight & Rickard (2001) showed that participant cortisol levels increased in silent
conditions, suggesting it may be perceived as stressful. The inclusion of active control conditions
provides an alternative way of examining the effects of music listening on select outcomes.

A study by Nantais and Schellenberg (1999) showed that when an active control (i.e.,

audiobook listening) was introduced the previously reported cognitive benefit (or ‘Mozart



Effect’; Rauscher, Shaw & Ky, 1993) of a music listening intervention on spatial tasks was no
longer found, suggesting that the music intervention may only be successful when compared to a
silent control condition. However, other studies using a non-musical control have found music
listening to be more beneficial following a stress induction than white noise (Sandstrom & Russo
2010)or a cognitive reframing writing task (Sleigh & McElroy, 2014) following a sadness
induction.

However, like silence, white noise and writing tasks could also be considered aversive and
stressful by participants and potentially confound effects in favour of music listening. Chanda
and Levitin (2013) recommend an active control condition that may provide similar rewards as
music in terms of level of arousal, attentional capture, and affective engagement (e.g., watching
television or reading). Comparable activities in the auditory domain might include listening to
audiobooks, narrated text, or talk radio (e.g., Radstaak et al., 2014). There are few experimental

studies focused on music and affect regulation that have adopted this methodological approach.

Music and Mindfulness

While much evidence to date indicates that music listening can regulate affective
experiences, the mechanisms of regulation are not fully understood. Potential mechanisms
include rhythmic entrainment, episodic memory, and aesthetic judgement, as well as, regulation
strategies, such as, reappraisal, distraction, and rumination (Baltazar & Saarikallio, 2019).
Indeed, distraction is one of the most commonly used strategies in music listening (Van Goethem
& Sloboda, 2011), outside of music research distraction and reappraisal are considered the most
effective strategies for reducing NA (Augustine & Hemenover, 2007). In contrast, rumination is
consistently associated with the maintenance of NA (Nolen-Hoeksema, 1991). Another possible

regulation strategy that has received little attention is increased mindfulness. Mindfulness is



defined as the purposeful and non-judgemental awareness of the present moment, including the
transient nature of thoughts, feelings and sensation (Kabat-Zinn, 2003). Mindfulness-based stress
reduction programmes reduce stress and anxiety, and are thought to do so by reducing reactivity
and rumination (Goldin & Gross, 2010). Broderick (2005) found that following an NA induction,
a brief mindfulness intervention reduced NA more than distraction and rumination instructions.
Studies comparing the relative efficacy of mindfulness and distraction on regulation have been
less conclusive (Keng, Smoski & Robins, 2011). One study of university students found that
higher levels of self-reported mindfulness was associated with lower perceived stress and higher
levels of adaptive coping (Palmer & Rodger, 2009). The review by Keng et al. (2011) concludes
that mindfulness reduces reactivity, improves regulation, and increases wellbeing.

Direct evidence linking music with mindfulness is limited. One recent study by Lynch
and Wilson (2018) showed that state-mindfulness increased significantly following a choir
rehearsal, and to a lesser extent in the active control condition (i.e., 30 minutes of listening to
classical choral music at home). The structure of music is often highly predictable, including
regular and cyclical rhythmic patterns (Juslin & Sloboda, 2001) akin to the regular and cyclical
nature of breathing. These regular and cyclical rhythmic patterns may be supportive of increased
mindfulness, particularly the present-moment focus on a specific sensory experience, which is
often a feature of mindfulness practices that focus on the breath (Kabat-Zinn, 2003). While no
study has examined music listening as a means of enhancing both mindfulness and anxiety
regulation in stressful situations, similar to mindfulness states, a number of studies have found
that flow states, intense emotional experiences, and absorption are a key feature of the music
listening experience (Gabrielsson, 2010). According to a theoretical model put forward by

Schifer, Smukalla, and Oelker (2014) these features of musical experiences facilitate mood



improvements and cognitive restructuring that in turn support enhanced wellbeing. State
mindfulness may increase as a result of listening to music, and mindfulness may support coping
with stressors. However, no study has examined the efficacy of music listening as a tool for

increasing mindfulness in response to a stressor.

Aims of the Study

The current research, comprising two studies, builds upon previous experimental work in music
listening and affect regulation by incorporating a stress induction, the use of participant-selected
music stimuli, an active control condition, and it explores for the first time the link between
music listening and state mindfulness following a stressor. The role that mindfulness may play in
musical affect regulation is also examined. Employing self-selected music in laboratory-based
studies has the benefit of increasing ecological validity, as in everyday contexts people select
their own music for the function of affect regulation (Schéfer & Sedlemeir, 2009).

Consistent with research findings on the benefits of self-selected music in supporting
affect regulation (Burns et al., 1999;), and research indicating the relative efficacy of self-
selected music in reducing anxiety when compared to researcher-selected music (Thaut & Davis,
1993), Study 1 hypothesised that following a stress induction individuals listening to music
would experience greater reduction of negative affect than individuals in a silent control
condition, and that negative affect reduction would be greatest in the self-selected music
listening condition relative to researcher-selected music. Study 2 examined the same hypotheses
while employing further methodological controls in the form of an active control condition
(listening to a radio show). Study 2 also posited that individuals in the music conditions would

experience higher levels of mindfulness than individuals in the active control condition.



Method

This study was conducted according to the principles expressed in the Declaration of Helsinki.
All procedures were reviewed and approved by the School of Psychology, Research Ethics

Committee at the National University of Ireland, Galway.

Design

Both studies employ a repeated measures between-subjects design. The independent variable in
Study 1 was condition (researcher-selected music, self-selected music, silent control) while the
dependent variables were self-reported anxiety, and blood pressure. Study 2 using the same
design further investigated the efficacy of the researcher-selected music and self-selected music
interventions using an active control and added the dependent variable of state mindfulness. All
dependent measures in both studies were recorded at three time points: baseline, post-induction,

and post-intervention.

Participants

Undergraduate students with normal or corrected-to-normal vision and hearing who were over
the age of 18 years were eligible to take part (or aged 17 with parental consent). Due to the
stressful nature of the study participants diagnosed with a psychological disorder (i.e.,
depression, anxiety, PTSD) were not eligible to take part. Participants received course credits for
participation in the study. Study 1 had 70 participants ranging in age from 17 to 53 years old (M
=20.50, SD =4.77: 17 males; 53 females). Study 2 had 75 participants ranging from age 17 to
34 years old (M =20.23 SD = 3.14; 19 males; 56 females).

In accordance with previous studies of musical affect regulation (Radstaak et al., 2014), small-

medium effect sizes were expected and two-tailed alpha of .05 was assumed for all tests. In



particular, it was estimated in G-power that a sample of at least 70 participants was needed to

identify an effect size of d= 0.2 in the context of power = 0.80.

Procedure

Participants were recruited via a university research recruitment online system. Deception was
used in this research in order to control for expectation effects and demand characteristics.
Specifically, participants were informed that the study was examining the effect of music-
listening on task performance. Participants completed an online pre-screen questionnaire where
they provided demographic information, 10 minutes of their preferred music in a stressful and a
social situation. Participants were tested individually. On the day of the study participants were
required to refrain from smoking, caffeine and rigorous exercise one hour prior to the study.
Upon arrival to the laboratory, participants were randomly assigned to condition using a random
number generator. A participant information sheet was provided and written consent obtained. At
baseline participant blood pressure, subjective anxiety and (in the case of Study 2) state-
mindfulness levels were recorded. Participants then underwent the stress induction (see
description below). Physiological and psychological responses were recorded following the
stress induction, and again 8 minutes later, after participants were engaged in music listening
(self-selected or researcher-selected) or a silent (study 1) or active control (study 2) condition.
Participants were then given a full debrief and retrospective written consent was sought. A

diagrammatic illustration of the procedure is presented as supporting information.

Materials and Apparatus

Audio was played via PC through SONY over-ear headphones. Each participant selected a

volume that was comfortable for them.
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Researcher-Selected Music. The song “Weightless” by Macaroni Union was used as the
researcher-selected music for both studies. Researchers from the British Academy of Sound
Therapy collaborated with the band Macaroni Union to create the “most relaxing song in the
world”. The song has no repeating melody and progressively slows from 60 beats per minute
(BPM) to 50 BPM over its’ 8-minute duration.

Self-selected Music. Participants provided 10 minutes of their preferred music for both a stressful
and a social situation (i.e., song title, artist, genre).

Active control. A radio documentary entitled “A New Take on Darwin’s Origin of Species” from

the radio show “Talk of the Nation” was played as an active-control in Study 2.

The Trier Social Stress Test. The TSST (Kirschbaum, Pirke & Hellhammer, 1993) was employed
in both studies in order to induce mild-moderate psychosocial stress. The TSST is one of the
most frequently used laboratory protocols for stress induction and is considered a highly reliable
method. Participants are told to imagine they are invited to a job interview and that they must
prepare a speech that will be recorded for subsequent analysis. The TSST has three phases: a
speech preparation phase, a free speech phase where they describe why they are the best
candidate for the job, and a mental arithmetic task (counting backwards from 2023 in steps of 17
aloud). Many aspects of the TSST can be modified to meet the needs of various research
programs (Birkett, 2011). In the current study the TSST was modified in that participants never
gave the speech but were not informed of this until debriefing (i.e., after the music/control
condition). There was a 5-minute speech preparation phase, followed by the 3-minute mental

arithmetic task prior to the application of music/control conditions.

The State-Trait Anxiety Inventory (STAI; Spielberger, 2010). A state-only version of the STAI

was used to measure subjective anxiety in both studies. The STAI is made up of 20 statements,
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such as, “I am worried”. Participants rate their level of agreement on a 4-point Likert scale from
“Not at All” to “Very Much So”. Scores range from 20-80; higher scores indicate greater

anxiety.

The State Mindfulness Scale (SMS; Tanay & Bernstein, 2013) was employed in Study 2. The
SMS is a 21-item self-report questionnaire comprising of two components, state-mindfulness of
bodily sensations, and state-mindfulness of mental events. Participants answer statements
relating to their awareness of their present moment experiences on a 5-point Likert-scale ranging
from “Not True at All” to “Very True”. Scores can range from 21 to 105. Higher scores indicate

higher levels of state-mindfulness.

Physiological arousal. Measures of physiological arousal were systolic and diastolic blood
pressure, which were monitored by a blood pressure machine (Dinamap PRO, model 100V2) and
standard blood pressure cuff. Participants were seated with feet flat, legs uncrossed, and their
back and arm supported. The cuff was placed on the left arm at heart level. Measures of BP were
taken at baseline (after a 10 minute waiting period), post-induction (immediately after arithmetic

task), and post-intervention (immediately after music listening/control).

Results

A series of 3 (condition: self-selected music, research-selected music, silent/active control) x 3
(time: baseline, post-induction, post-intervention) mixed ANOV As were conducted to examine
differences in affect (self-reported anxiety and blood pressure) in studies 1 and 2, and state-

mindfulness in study 2 only.
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Study 1

Self-reported anxiety (STAI)

The results of a 3x3 ANOVA revealed a main effect of time (F (2, 134) = 66.02, p < .001, ny* =
496, 90% CI [.393, .567]). There was no main effect for condition (¥ (2,67y= .95, p = .39). There
was a significant interaction effect (F (4,134 = 4.65, p = .002, np>= .122, 90% CI [.031, .190]).
---Insert Figure 1 about here ----

---Insert Table 1 about here ---

To investigate the significant interaction, follow-up one-way ANOVAs were conducted. There
was no significant difference between conditions at baseline (F(2,67)= .35, p = .707) or post-
induction (F(2,67) = .28, p = .76). There was significant group differences in state anxiety post-
intervention (F(2,67) = 5.99, p = .004, n,’>= .152, 90% CI [.031, .267]). Post-hoc Tukey’s HSD test
revealed a significant difference between the self-selected music listening condition and the
silent control condition (p =.007, Mean Difference (MD) = 8.63, 95% CI [2.07, 15.20]) with a
large effect size (d =.920, 95% CI [.312, 1.52]), and between the researcher-selected music
listening condition and the silent control (p = .017, MD = 8.63, 95% CI [1.19, 14.46]), also with
a large effect size (d =.834, 95% CI [.226, 1.43]). The difference between the self-selected music
listening condition and the researcher-selected music listening condition was non-significant (p =

953).

There were also significant differences across timepoints in the self-selected music listening
condition (F(2,46) = 36.68, p < .001, np>= .615, 90% CI [.444; .670]), the researcher-selected
music listening condition (F(2,44y = 21.13, p < .001, ny>= 490, 90% CI [.289, .601]), and the silent
control condition (F(2.44) = 19.45, p <.001, npy>= .469, 90% CI [.266, .584]). Pairwise

comparisons with Bonferroni adjustment revealed that state anxiety was significantly higher
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post-induction than baseline with very large effect sizes for the self-selected music listening
group (p <.001, MD = 12.12, 95% CI [8.54, 15.71], d =1.78 , 95% CI [1.13, 2.43]), the
researcher-selected music listening group (p <.001, MD =11.91, 95% CI=6.02, 17.81], d =
1.09 95% CI [.564, 1.60]), and the silent control (p <.001, MD = 12.00, 95% CI [6.47, 17.53], d
=1.17,95% CI [.631, 1.70]). State anxiety was significantly lower post-intervention than post-
induction, with very large effect sizes for the self-selected music listening group (p <.001, MD =
-14.04, 95% CI [-18.96, -9.12], d = 1.50, 95% CI [.908, 2.08]), and the researcher-selected music
listening group (p <.001, MD =-10.87, 95% CI [-16.30, -5.44], d = 1.08, 95% CI [.556, 1.59]).
The means presented in Table 1 and Figure 1 show the magnitude of anxiety reduction was
similar in both music listening conditions. In the silent control condition the reduction in state
anxiety between post-induction and post-intervention was non-significant (p = .077). For the
music listening conditions there was no significant difference in state anxiety between baseline
and post-intervention (p = 1.00). For those in the silent control condition state anxiety remained
significantly higher than baseline levels (p <.001, MD =7.91, 95% CI [2.75, 13.07]), with a

large effect size (d = .828, 95% CI [.346, 1.30]).

Physiological arousal

Systolic Blood Pressure

The results from the 3x3 ANOVA showed that there was a main effect for time (F (2, 134) = 5.54,
p =.005, np,*=.076, 90% CI [.014, .148]). Of all possible pairwise comparisons post-hoc Tukey's
HSD tests revealed just one significant difference, specifically, that SBP was significantly lower
post-intervention than at baseline (p = .014, MD = 4.39, 95% CI [.697, 7.88]) with a small effect

size (d = .351, 95% CI [.108, .591]). There was no main effect for condition (F 2,67y = .22, p =
14



.80), and no interaction effect (¥ 4, 134y = .31, p = .86).

Diastolic Blood Pressure

The 3x3 mixed ANOVA for DBP revealed no main effect for time (F (2, 134) = .48, p = .62), or

condition (F (2,67) = .19, p = .83), and no interaction effect (F (2,134) = .25, p = .91).

Study 2

Self-reported anxiety (STAI)

The 3x3 ANOVA showed a main effect for time (F (2, 144) = 73.6, p < .001, np>= .505, 90% CI
[.407; .575]), with post-hoc Tukey’s HSD tests showing significant differences in state anxiety
between baseline and post-induction phases (p <.001, MD = 11.49, 95% CI [9.19, 13.80]) with
very large effect sizes (d = 1.41, 95% CI [1.09, 1.73]). State anxiety post-intervention was
significantly lower than post-induction (p <.001, MD = -10.05, 95% CI [-12.90, -7.21]) with a
large effect size (d =.910, 95% CI [.720, 1.27]). There was no main effect of condition (F (2,72)=

2.40, p = 0.10) and no significant interaction effect (£ 4,144y = 1.70, p = 0.15).

Physiological arousal

Systolic Blood Pressure

The 3x3 ANOVA showed that there was a main effect for time (F (2, 144) = 3.56, p = 0.03, np>=
.047,90% CI [.002, .106]), with SBP being significantly lower post-intervention than post-
induction (p = .016, MD -3.05, 95% CI [-5.66, -.445]) with a small effect size (d = .331, 95% CI
[.098, .563]). There was no main effect for condition (¥ (2,72)= 0.20, p = 0.82) and no significant

interaction effect (F 4,144y = 0.5, p = 0.73).

Diastolic Blood Pressure

There was no main effect for time (F (2, 134 = 1.25, p =.29), or condition (F(2,72) = .66, p = .52,),
15



and no interaction effect (F4,144) = 1.33, p = .26)..

State Mindfulness

The results from the 3x3 ANOVA revealed a main effect for time (F (2, 144y = 10.77, p < .001, np?
=0.130, 90% CI [.050, .210]). There was no main effect for condition (F2,72)= 0.90, p = 0.41).
There was a significant interaction effect (F(4,144) = 3.15, p = 0.02, np> =.080, 90% CI [.009,
A37)).

---Insert Table 2 about here ---

---Insert Figure 2 about here ---

To investigate the significant interaction follow-up one-way ANOVAs were conducted. There
was no significant difference between conditions at baseline (F (2,72) = .39, p = .679), or post-
induction (F 2,72)= .26, p = .772). There was significant between group differences in state
mindfulness post-intervention (F (2,72) = 4.26, p = .018, n,’>=.110, 90% CI [.011, .210]). Post-hoc
Tukey’s HSD test revealed a significant difference between the researcher-selected music
listening condition and the active control condition (p =.021, MD = 11.00, 95% CI [1.37,
20.64]) with a large effect size (d =.772, 95% CI [.193, 1.34]). The difference in state
mindfulness between the self-selected music listening condition and the active control post-
intervention was non-significant (p = .068). The difference between the self-selected music
listening condition and the researcher-selected music listening condition was also non-significant
(p =.887).

There was no significant difference in state mindfulness between timepoints for the active
control condition (F 248) = 0.03, p = .968). There were significant differences across timepoints
for the self-selected music listening condition (F 245) = 8.46, p = .001, ny>= 261, 90% CI [.082,

.396]) and the researcher-selected music listening condition (F (2.45) = 8.66, p = .001, ny’>= .265,

16



90% CI [.085, .400]). There was no significant difference in state mindfulness between baseline
and post-induction in the self-selected music condition (p = .411) or the researcher-selected
music condition (p = .393). State mindfulness was significantly higher post-intervention than
post-induction with large effect sizes for both self-selected (p = .002, MD = 11.48, 95% CI [3.98,
18.98], d = .788, 95% CI [.331, 1.23]) and researcher-selected music (p = .003, MD = 11.40,
95% CI [3.50, 19.30], d = .742, 95% CI [.292, 1.18]). An examination of means in Table 2 and
Figure 2 shows the greatest increase in mindfulness was in the researcher-selected music
listening condition, followed by the self-selected music listening condition, and a (non-
significant) reduction in mindfulness for those listening to a radio show (active control). Post-
intervention state mindfulness was significantly higher than baseline levels (p =.041, MD =
7.68, 95% CI [.263, 15.10]), with medium effect size (d = .533, 95% CI [.108, .948]) in the
researcher-selected music listening condition, but not in the self-selected music listening

condition (p = .065).

Moderation Analysis

To examine if increased mindfulness supports affect regulation in the context of music listening,
hierarchical regression analysis was performed using the SPSS macro PROCESS 3.3 (Hayes,
2017) for the 50 participants in the music listening conditions. Mindfulness increase was
calculated as the difference in state mindfulness scores before and after music listening (self-
selected music M = 11.48, SD = 14.57; researcher-selected music M = 11.40, SD = 15.35). The
overall model examining the effect of mindfulness increase (X) on post-intervention anxiety (Y)
moderated by condition (M) was significant, with 29% of the variance in state anxiety post-
intervention explained by mindfulness increase, condition, and their interaction (F.46) = 6.37, p
=.001, 72 = .29). Mindfulness increase significantly predicted higher state anxiety after music
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listening (path b1, B =0.82, SE = 0.30, t(46) = 2.71, p = .009). Music listening condition did not
significantly predict state anxiety (path b2, B =2.13, SE = 3.63, t(46) = .586, p =.561). The
interaction between mindfulness increase and condition (XM) significantly predicted lower state
anxiety post-intervention (path b3, B =-0.678, SE =0.19, t(46) =-3.47, p = .001). The effects of
mindfulness increase on state anxiety differed by condition. There was no relationship between
mindfulness increase and anxiety in the researcher-selected music condition (B =.146, SE =
135, t(46) = 1.08, p = .283). For participants in the self-selected music condition, every 1-unit
increase in mindfulness reduced state anxiety by .53 (B =-.532, SE = .142, t(46) = -3.75, p <
.001). Examination of the interaction plot (see Figure 3) shows a positive effect of increasing

mindfulness on anxiety, but only in self-selected music listening.

---Insert Figure 3 about here---

Discussion

Two studies examined the impact of music on the regulation of subjective anxiety and
physiological arousal in the context of ongoing negative affect due to the prospect of a stressful
situation (i.e., giving a speech). Public speaking is a frequent challenge in academic life, and this
research suggests that listening to music may support university students’ adaptation to similar
stressors. Another aim of the research was to compare the regulating effect of self-selected
versus researcher-selected music against an active and a passive control. The hypothesis that
participants listening to self-selected music would experience the greatest reduction in induced
negative affect was partially supported. The hypothesis that individuals listening to music would
experience higher levels of mindfulness than those in the active control (i.e., listening to a radio

show) was supported.
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Music and Regulation
In both studies there was a significant increase in state anxiety following the introduction of the
modified TSST, and a significant reduction in anxiety following music listening, with large to
very large effect sizes. Consistent with previous research findings (Knight & Rickard, 2001),
Study 1 revealed that following the intervention anxiety was significantly lower in the music
listening conditions when compared with the silent control condition, again with large effect
sizes. These findings were also consistent with previous research demonstrating benefits of
music on affect regulation before the cessation of a stressor (e.g., Knight & Rickard, 2001,
Sandstrom & Russo, 2010). Furthermore, consistent with Study 1 hypotheses, the mean
reduction in anxiety was largest in the self-selected music listening condition. This supports
previous research findings showing benefits of self-selected music on regulation following a
stressor (Radstaak et al., 2014). Previous studies have found greater benefits of self-selected
music when compared with researcher-selected music (Burns et al., 1999; Thaut & Davis, 1993).
In the current study, state anxiety was significantly lower post-intervention for participants
listening to music, but there was no significant difference in anxiety between self-selected and
researcher selected music listening conditions. Findings here suggest that listening to music
provides an effective means of regulating negative affect in times of stress, and that the music
chosen by individuals for the function of affect regulation is as effective as music selected by
researchers for its ‘relaxing’ properties (e.g., slow tempo).

It is interesting that the positive effects of music listening on anxiety were not apparent in
Study 2 when music listening was compared with an active control. This is contrary to previous
studies that did find significant regulatory effects of music relative to an active control (Radstaak

et al., 2014; Sleigh & McElroy, 2014). One could draw a parallel with findings from a series of
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studies that failed to replicate the ‘Mozart effect’ using control conditions other than silence
(Nantais & Schellenberg, 1999). One possible explanation for the lack of significant effects in
Study 2 is that music listening and the active control provided similar levels of distraction and
attentional capture (Chanda & Levitin, 2013), thereby preventing rumination on the anticipated
speech. In contrast, waiting in silence for an upcoming speech may have been more conducive to
ruminating and, therefore, significantly less effective for affect regulation than music listening.
In the series of investigations of the ‘Mozart effect” mentioned above, cognitive effects were best
explained as a test-performance artefact caused by the arousal and mood enhancing effects of
different conditions. However, the potential impact of greater distraction, arousal, or positive
mood effects of the active control condition was not explicitly measured in the current study,
which makes this interpretation speculative but worthy of future investigation.

It is noteworthy that effects of music were observed on self-reported (subjective) anxiety
and not on physiological measures of arousal in the current study. Divergent physiological and
subjective responses to music interventions are common. The study by Radstaak et al. (2014)
found that following a stress induction subjective recovery was greater for participants in a
relaxing or happy self-selected music condition compared to participants in either a silent or
active control condition, yet, physiological recovery (blood pressure and heart rate) was delayed
in music listening conditions relative to control conditions. In contrast, Scheufele (2000) reported
that compared to both a silent and active control condition levels of physiological recovery (heart
rate) were greater in the music condition, but only a progressive muscle relaxation group
reported subjective recovery from stress. Such studies highlight the relative independence

between subjective and physiological outcomes relating to affective experience.
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Music and Mindfulness

As hypothesised, state mindfulness significantly increased for participants after listening to
music, with large effect sizes. This supports one previous study finding increased mindfulness
after listening to 30 minutes of researcher-selected music at home (Lynch & Wilson, 2018). This
is the first study to provide evidence that both self-selected and researcher-selected music
listening can lead to increased levels of state mindfulness in the context of a stressful experience.

Consistent with research showing an association between mindfulness, regulation and
stress reduction generally (Palmer & Rodger, 2009; Regehr et al., 2013), there was a significant
effect of mindfulness increase on state anxiety after listening to music. Specifically, in the self-
selected music listening condition increasing mindfulness was associated with lower anxiety
scores post-intervention. This same effect was not observed in the researcher-selected music
condition. This finding suggests that in everyday settings where music listening is most often
self-selected (Schéfer & Sedmeier, 2009) mindfulness may play a part in musical affect
regulation.

Higher scores on the State Mindfulness Scale represent an enhanced awareness of the
inner experience, including noticing pleasant and unpleasant emotions and physical sensations
(Tanay & Bernstein, 2013). Considering mindfulness as a regulation strategy, it is conceptually
distinct from distraction in the sense that it involves a direct focus on experience; and it may
provide a counterforce to rumination in the sense that the focus of attention moves from one
experience to the next rather than on sustained elaboration of ongoing thoughts, emotions, and
sensations. Previous research outside the field of music research has also found mindfulness
increase to be more effective for regulation than distraction and rumination (Broderick, 2005).

Baltazar and Saarikallio (2019) present a model describing a complex combination of the
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goals, strategies, and mechanisms involved in musical affect regulation. Among a number of
other regulatory goals of music, they describe how people use music to engage in affective work
by focusing on their feelings. Perhaps increased mindfulness and the associated focus on feelings
and sensations provides a mechanism that supports affective work in music listening. At the
same time, Baltazar and Saarikallio’s model proposes that listeners can also use music to
disengage from cognitions and affective states using strategies like distraction. Disengagement is
achieved through mechanisms relating to features of the music (e.g., thythmic entrainment). In
the current study, the slow tempo music chosen by the researcher did not significantly reduce
anxiety but did significantly increase mindfulness. At the same time, the positive relationship
between increased mindfulness and reduced anxiety was significant in the self-selected music
listening condition only. Future research is needed to examine the mechanisms of music-induced
mindfulness, and to further clarify the role of mindfulness in musical affect regulation. Future
studies could compare affect regulation following music listening alone, guided mindfulness
induction, and music listening with a mindfulness induction against control conditions that limit
or prevent mindfulness increase.

Research has shown that more frequent experiences of mindfulness is related to less
stress, improved regulation, and increased wellbeing, and that mindfulness-based stress reduction
interventions can reduce anxiety (Palmer & Rodger, 2009; Regehr et al.,2013; Keng et al., 2011).
The current research shows that a single session of music listening can increase self-reported
mindfulness in a stressful situation, and that increased mindfulness predicted less anxiety after
listening to self-selected music, suggesting that music listening may be a convenient and
effective way of increasing mindfulness and coping with stress. An important aim for future

research should be to examine the potential for music-based interventions to increase
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mindfulness and reduce stress and anxiety in the longer term.

Limitations

As is typical for studies employing university samples, both studies here had a greater proportion
of female participants. While gender differences in stress, anxiety, cardiovascular reactivity and
responses to music have been observed, findings are mixed (Steptoe, Fieldman, Evans & Perry,
1996; Knight & Rickard, 2001). Future studies should aim for an equal distribution, or consider
recruiting only male or female participants to examine the effects of self-selected and researcher-
selected music on affect regulation in males and females. Further, participants were asked to
refrain from smoking and caffeine intake prior to participating. Even so, participants’ habitual
use of nicotine and caffeine may have impacted physiological arousal in the current study
(Childs & de Wit, 2009), and therefore these behaviours should be controlled for in analyses. A
great many studies have used the state-trait anxiety inventory to measure reactivity to and
recovery from the TSST. However, additional measures of NA, such as Visual Analogue Scales,
or the Perceived Stress Scale, in addition to a measure of anxiety could be very useful to include
in future studies. The main focus of the current study was group differences in levels of NA after
music listening versus a control, and the number of measurement points reflects that focus.
However, to capture the dynamic nature of reactivity to stressors and responsivity to music

listening interventions more measurements and longer intervals are needed in future studies.

Conclusion

These two studies provide evidence that a brief single session of music listening can reduce
subjective feelings of anxiety in university students in preparation for a stressful situation, such
as public speaking. Listening to music provided greater affect regulation than waiting in silence.

However, listening to music may not have additional benefits over other activities in daily life
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(such as listening to a radio show) that also provide distraction or enjoyment. There was no
effect of music on measures of physiological arousal. Music listening (self-selected or
researcher-selected) significantly increased levels of mindfulness, and increased mindfulness
predicted lower anxiety after self-selected music listening. Future research should explore the

potential of music-based mindfulness interventions to reduce stress and anxiety.
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Table 1. Participant Characteristics, Means and SD of State Anxiety, Systolic Blood Pressure (SBP), and Diastolic Blood Pressure (DBP) at

Baseline, Post-induction, and Post-intervention for Study 1.

Control Researcher- Self- Control Researcher- Self- Control Researcher- Self-Selected

Group Selected Selected Group Selected Selected Group Selected
Participants N=23 N=23 N=24 18-53 years 18-27 years 17-35 years M=20.50 M=20.20 M=20.70

(7 males) (6 males) (4 males) SD=17.20 SD =2.50 SD =3.60

Baseline Post-induction Post-intervention
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD  Mean+SD Mean+SD

Anxiety 34.26+10.20 33.30+7.63 35.4648.61 46.29+11.10 45.22+11.23 47.58+10.38 | 42.17x11.51 34.35+7.74 33.5448.53
SBP 120.13£12.20  119.56+15.16  119.08+10.17 | 118.13+10.04  117.13+11.79 115.79£8.66 | 117.09£9.77 113.70£13.47  115.12+14.84
DBP 66.83+7.06 66.78+7.90 68.78+10.79 67.5+7.8 68.30+6.23 67.96+5.99 68.26+6.20 68.17+9.52 68.44+5.66




Table 2. Participant Characteristics, Means and SD of State Anxiety, Systolic Blood Pressure (SBP), Diastolic Blood Pressure (DBP), and State

Mindfulness at baseline, post-induction, and post-intervention for Study 2.

Control Researcher- Self-Selected Control Researcher- Self-Selected Control Researcher  Self-Selected

Group Selected Group Selected Group Selected
Participants N=25 N=25 N=25 17-34 years 18-24 years 18-26 years M=21.20 M=19.56 M=19.29
(9 males) (8 males) (2 males) SD =4.66 SD =1.80 SD=1.99
Baseline Post-induction Post-intervention

Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD

Anxiety 32.84+8.81 36.08+9.27 33.8848.60 | 41.72+10.58  50.28+13.15  45.28+10.81 | 34.52+10.67 39.12+11.99  33.48+10.84
SBP 118.84+12.43 118.20+13.27 119.28+13.39 | 117.80+15.87 120.72+15.88 120.88+12.73 | 114.96+14.58 117.32+12.79 117.96+12.77
DBP 67.08+7.75 68.56+9.17 67.24+6.76 66.16+8.40 70.80£9.53 66.8849.64 | 68.56+£10.09  69.36+8.67 68.48+7.54

Mindfulness 65.560+13.18 68.76+12.16  66.80+£13.40 | 66.12+16.01  65.04+£15.36  63.08+13.96 | 65.44+16.49 76.44+11.30 74.56+14.46




