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Abstract

Music is a common resource for self-regulation that
is actively used by young people, but relatively few
studies have empirically investigated adolescents” use
of music for relaxation. This study aimed to investi-
gate whether self-selected music can facilitate relax-
ation in adolescents on both subjective and physio-
logical levels. Twenty-six adolescents participated in
two 20-minutes long individual relaxation sessions:
one with self-selected relaxation music and one with-
out music. For the No Music condition, participants
were provided with magazines to read. The heart rate
variability (HRV) was measured throughout the ex-
periment, and subjective reports of Valence, Arousal,
and Tension were collected with visual analog scales
before and after each relaxation session. All partici-
pants underwent both conditions. A year later, the
experiment was repeated with the same participants.
Repeated Measures ANOVA (RM ANOVA) of the
HRV parameters revealed that both Music and No
Music conditions led to a significant increase in both
parameters in both years, indicating a relaxation re-
sponse. However, no difference between the condi-
tions was found. Subjective ratings were analyzed us-
ing Wilcoxon Signed-Rank test, and analysis showed
a significant increase in valence for both conditions
and years and a decrease in tension for the Music
condition in both years. Arousal scores, however, in-
creased insignificantly for Music condition, indicat-
ing that some participants felt more energetic after
relaxation with music. Participants felt significantly
less tense after Music than after No Music condition
in the second year. Overall, results stayed consistent
throughout both years. Further research that utilizes
a combination of physiological and self-report mea-
sures is needed to achieve a comprehensive knowl-
edge of musical experiences.

Introduction

Adolescents actively use music for different
self-regulation purposes (Saarikallio & Erkkild,
2007; Wells & Hakanen, 1991) and one of such
processes that can be assisted with music is re-
laxation (van Goethem & Sloboda, 2011). Re-
laxation is often defined as a state of reduced
arousal and tension (American Psychological
Association Dictionary of Psychology, 2021).
However, relaxation psychology researcher
Smith (2007) suggested 12 relaxation states
varying from sleepy to energetic, which can
be divided into 4 groups: basic relaxation, core
mindfulness, positive energy, and transcen-
dence.

While music listening has been identified
as a common and important source for ado-
lescents” relaxation, little is known about how
efficiently music promotes relaxation and self-
regulation in adolescents on the levels of physi-
ological measures and subjective experiences.
Subjective experiences of adolescents’ music-
facilitated relaxation were studied earlier by
Saarikallio et al. (2017). They suggested that af-
fect is the core element of music-facilitated re-
laxation, with mood improvement and positive
emotions typically being perceived as outcomes
of music-facilitated relaxation.

Effects of music on stress reduction (Helsing
et al., 2016; Kreutz et al., 2004) have been shown
in various physiological measures. The physi-
ological side of relaxation is associated with the
dominance of the parasympathetic branch of
the autonomic nervous system (ANS) over the
sympathetic branch. One measure commonly
used in relaxation research is Heart Rate Vari-
ability (HRV). HRV refers to the variability of
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the intervals between heartbeats or beat-to-beat
variability. It can index parasympathetic activ-
ity and therefore is often used as a physiologi-
cal correlate of stress and relaxation states (Kim
et al.,, 2018; Laborde et al., 2017; Pieper et al.,
2007).

Both self-selected (e.g., Labbé et al., 2007;
Lingham & Theorell, 2009) and researcher-se-
lected relaxation music (e.g., Fallon et al., 2020;
Lilley et al., 2014; Thoma et al., 2013) has been
used in stress and relaxation research. While
some favor researcher-selected music (Pelletier,
2004), other researchers (Davis & Thaut, 1989;
Yehuda, 2011) highlight the role of preference
and familiarity for relaxation music. Labbé et al.
(2007) point out that self-selected music gives
participants a sense of control, which is an im-
portant factor for a relaxation study. Moreover,
self-selected music allows researchers to create
a more ecological setting by making the ex-
perimental situation closer to the everyday life
situations when adolescents use music for self-
regulation.

Aims

The main aim of the current study was to
investigate whether listening to self-selected
relaxation music promotes relaxation in ado-
lescents on the levels of physiological measures
and subjective experiences. The subjective ex-
perience was addressed as changes in Valence,
Arousal, and Tension to capture the different
aspects of subjective affective experience. The
research questions were as follows:

1) Does self-selected music promote relax-
ation (at both subjective and physiologi-
cal levels) in adolescents?

2) Does music listening promote relaxation
better than relaxation without music?

Based on previous research, we hypothe-
sized first that listening to self-selected relaxing
music would result in an increase of self-report-
ed Valence and in a decrease of self-reported
Tension, Arousal, and physiological stress (as
measured by HRV). Second, we expected these
effects to be stronger in the Music listening con-

Psychology and Music - Interdisciplinary Encounters

dition than in the No Music condition. To check
for the consistency of the results the study was
repeated with the same participants after a pe-
riod of 1 year and a year comparison was added
to ensure the reliability of the results.

Method
Recruitment and Participants

Adolescents (15-16 years old girls and
boys) living in Jyviskyld, Finland, took part in
the study in 2012 and in 2013 (later referred to
as Year 1 and Year 2). Recruitment was con-
ducted in local schools. Volunteers, as well as
their guardians, were thereafter contacted for
more detailed informed consent, prior to any
data collection. Participants’ guardians pro-
vided consent in written form. The Ethical
Board of the University of Jyvaskyla approved
the study. Participants reported smoking, alco-
hol and medication intake, and possible heart
conditions to check for exclusion criteria for
HRV measurements. Participants who reported
smoking during the experiment day or taking
cardioactive medication were removed from
the sample. The final sample, after applying ex-
clusion criteria mentioned above, consisted of
the following: N = 26, 18 female, 8 male, with
all participants being 15 years old in Year 1 and
16 years old in Year 2.

Procedure and Design

An experiment with a within-subject de-
sign and 2 conditions (Music and No Music)
was conducted. At the start of the experiment,
participants were given the HRV monitors
and instructions. Participants were seated on a
sofa in a quiet room and were asked to take a
20-minute relaxation. For the Music condition,
participants were asked to listen to music they
had chosen to support their relaxation using
their own device and headphones on a comfort-
able volume level. In the absence of a personal
device, a player and headphones were provided.
For the No Music condition, participants were
provided with magazines to read while relax-
ing. Participants reported their subjective Va-
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lence, Arousal, and Tension before and after
the relaxation. Each participant took part in
both conditions. Both experimental sessions
took place on the same day with a few hours
break in between. The order of conditions was
counterbalanced to avoid the carryover effect.
A year later, the experiment was repeated with
the same participants to check the consistency
of the results and to find out if the same pat-
terns in participants’ responses would emerge.

Subjective Outcome Measures

Participants were asked to report their cur-
rent state before and after each condition by rat-
ing 3 parameters using a 9-point Likert scale.
The question was formulated as “How are you
feeling at the moment?”. The parameters rated
were Valence (1 - unpleasant, 9 - pleasant);
Arousal (1 - sleepy, 9 — energetic), Tension (1 -
tense, 9 — relaxed, so higher score means lower
Tension).

HRYV Data Sources and Parameters

Heart Rate Variability (HRV) was measured
continuously during the experiment day (9am-
3pm). Measures were conducted using the heart
rate monitors Bodyguard and ECG electrodes.
The heart rate monitors and the software are
produced by Firstbeat Technologies Oy. Ku-
bios HRV Standard 3.4.3 software (2020) was
used to process the HRV data. For this study,
the time points of analysis were the following:
5-minutes long Baseline measurements prior to
all relaxation sessions (participants were seated)
and 20-minutes long Experiment measurement
(either Music or No Music condition).

HRV can be assessed through different
parameters, and in this study, we used the
Parasympathetic Nervous System Index (PNS
Index) and RMSSD. Both parameters were
calculated in Kubios software. PNS Index is a
complex parameter that allows measuring the
effects of parasympathetic activity. Parasym-
pathetic activity decreases heart rate, increases
HRYV due to the enhanced respiratory sinus ar-
rhythmia (RSA) component, and decreases the
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ratio between lower and higher frequency oscil-
lations in HRV time series (Kubios, 2021). The
parameter consists of the Mean RR (to capture
a decrease in heart rate), Root Mean Square of
Successive RR interval Differences (RMSSD,
to detect beat-to-beat changes and changes in
RSA), and Poincaré plot index SD1 in normal-
ized units (as a correlate of a sympathovagal
balance of the ANS).

The RMSSD was also analyzed separately as
the time-domain HRV parameter that reflects
vagal tone (Kim et al., 2018; Laborde et al,
2017). Vagal tone is an internal biological pro-
cess that reflects the activity of the vagus nerve,
which is strongly associated with parasympa-
thetic activity in general and, thus, with recov-
ery processes. We used the natural logarithm
transformation of the RMSSD (InRMSSD) as it
is advised to correct the lack of normality of the
data (Laborde et al., 2017). Analyzing the PNS
Index allows us to get a more comprehensive
picture of the participants’ parasympathetic ac-
tivity and including a more traditional param-
eter as InRMSSD helps us to build connections
to the previous research in the field. In both
parameters, higher measurements indicate a
stronger relaxation response. Artifacts were re-
moved using the Kubios artifact detection and
removal feature at the stage of pre-processing.
Smoothness priors (A = 500) were applied to
detrend the data and ensure its stationarity.

Results

Subjective Ratings: Self-reported Valence,
Arousal, and Tension

Figure 1 shows that, in line with our hypoth-
eses, participants reported feeling happier and
less tense after both conditions in both years.
However, when it comes to Arousal (Figure 1),
participants reported feeling slightly more en-
ergized after Music and sleepier after No Music
conditions in both years, but the difference is
minor.

The data were not normally distributed, so
the Wilcoxon Signed-Rank test was performed
and showed significant differences between Be-
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Figure 1. Mean Valence, Arousal and Tension for Music and No Music conditions in Year 1 and in Year 2.

Note. Val - Valence, Ar — Arousal, Ten - Tension; BM - Before Music condition, BN — Before No Music
condition, AM - After Music condition, AN - After No Music condition; 1 - measurement taken in Year 1,
2 — measurement taken in Year 2. Higher Tension score means Jower experienced tension.

fore and After the experiment in Valence (both
conditions, both years) and Tension for the Mu-
sic condition in both years (Tension is a reverse
scale, higher score means lower tension). The
change for No Music condition was borderline
significant (p = .05) in Year 1 and insignificant
in Year 2 (Table 1). No significant differences in
Arousal were found. The results thus support
our hypothesis about the impact of music lis-
tening on subjective Valence and Tension, but
not on Arousal. To see possible differences be-
tween the 2 conditions, changes between Before
and After-timepoints were calculated for each
participant, condition, and parameter (Valence,
Arousal, Tension).

The data were not normally distributed, so
a Wilcoxon S-R test was conducted to see if the
differences in changes were statistically signifi-
cant. The analysis revealed that a significant dif-
ference occurred for the Tension score in Year
2: Tension score rose significantly greater after
Music (Mdn = 1) than after No Music (Mdn =
0.5) in Year 2 (p = .01, Z = -2.55), which means
that participants felt significantly less tense af-
ter Music condition than after No Music. Year-
wise, no significant difference was found.

We analyzed 2 HRV parameters to get a
deeper insight into participants autonomic
nervous system state during both conditions.
See Mean and SD in Table 2. For the PNS In-
dex, positive score refers to the relaxation state,
negative score, on the other hand, refers to
stress. For the InRMSSD, higher scores indicate
a stronger relaxation response.

Table 1. Results of Wilcoxon S-R test for self-re-
ports of Valence, Tension, and Arousal.

Music No Music
Valence | After Music After No Music
Year 1 (Mdn = 8) > (Mdn = 8) > Before
Before (Mdn = (Mdn =7),p=.02,
7),p=.022= | Z=-239
-2.28
Valence | After Music After No Music
Year 2 (Mdn = 8) > (Mdn = 8) > Before
Before (Mdn = (Mdn =7), p =.002,
7),p=.002,Z=|Z=-3.12
-3.16
Tension | After Music After No Music
Year 1 (Mdn =7) > (Mdn = 7) > Before
Before (Mdn = | (Mdn = 6), p = .05,
6,p=.01,Z= |Z=-197
-2.46
Tension | After Music After No Music
Year 2 (Mdn = 8) > (Mdn = 7) > Before
Before (Mdn= | (Mdn=7),p =28,
6),p=.001,Z= | Z=-1.08
-3.38

The Heart Rate Variability (HRV) results

Repeated Measures ANOVA was conducted
to identify possible differences between Music
and No Music conditions in Year 1 and Year 2
for the PNS Index and InRMSSD. Three within-
subject factors were used: Time (Baseline and
Experiment), Condition (Music and No Music),
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and Year (Year 1 and Year 2). For the PNS Index,
the main effect of Time (Baseline and Experi-
ment) was significant: F(1, 25) = 38.73, p < .001,
partial n? = .61. Similarly, for InRMSSD the main
effect of Time was significant: F(1, 25) = 24.49, p
<.001, partial n? = .5. No other main or interac-
tion effect was found significant for any of the
parameters, thus, no significant differences be-
tween the conditions were found. Pairwise com-
parison with t-test revealed significant differ-
ences between each Baseline-Experiment pair,
so differences between Baseline and Experiment
were found significant for both conditions in
both years for both parameters (Table 2).

Table 2. Mean, Standard Deviation and t-test re-
sults for the HRV parameters.

Pair Result
Music | PNS Index: Experiment (M = -0.04,
Year 1 | SD = 1.15) > Baseline (M = -0.63, SD =
0.87); t(25) = -3.92, p = .001, Cohen’s d
=0.96
No PNS Index: Experiment (M = 0.25, SD =
Music | 1.31) > Baseline (M = -0.48, SD = 0.99);
Year 1 | t(25) =-3.99, p =.001, Cohen’s d = 0.93
Music | PNS Index: Experiment (M = -0.05,
Year 2 | SD = 1.12) > Baseline (M = -0.77, SD =
1.05); #(25) = -5.82, p < .001, Cohen’s d
=0.63
No PNS Index: Experiment (M = 0.42, SD =
Music | 1.36) > Baseline (M = -0.62, SD = 1.26);
Year 2 | #(25) = -4.61, p <.001, Cohen’s d = 1.15
Music | InRMSSD: Experiment (M = 3.99, SD =
Year 1 | 0.42) > Baseline (M = 3.83, SD = 0.42);
t(25) = -2.86, p = .008, Cohen’s d = 0.28
No InRMSSD: Experiment (M = 4.14, SD =
Music | 0.51) > Baseline (M = 3.92, SD = 0.47);
Year 1 | #(25) =-3.12, p =.004, Cohen’s d = 0.36
Music | InRMSSD: Experiment (M = 3.99, SD =
Year 2 | 0.47) > Baseline (M = 3.86, SD = 0.55);
#(25) = -2.36, p = .03, Cohens d = 0.3
No InRMSSD: Experiment (M = 4.18, SD =
Music | 0.54) > Baseline (M = 3.88, SD = 0.59);
Year 2 | #(25) = -3.52, p = .002, Cohen’s d = 0.43
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To further investigate the possible differ-
ences between the conditions, the changes from
Baseline to Experiment were calculated and
compared with the t-test. However, no signifi-
cant differences between the conditions were
found for any of the measures.

As expected, the results for both analyzed
parameters align: the main effect of Time was
significant across both parameters. t-test for the
Baseline-Experiment pairs showed the signifi-
cant differences between Baseline and Experi-
ment for both conditions in both years for both
parameters. However, no significant difference
between the conditions was found.

Discussion

This study aimed to increase understanding
of whether self-selected music could facilitate
relaxation in adolescents. Music-facilitated re-
laxation helped participants to improve mood
(as measured with Valence scale) and reduce
tension, but some participants experienced
feeling rather more energetic than sleepy after
it. Physiologically, most participants were more
relaxed during the music listening than before.
When compared to the control No Music con-
dition, during which participants were reading
magazines, adolescents reported feeling signifi-
cantly less tension after Music condition in Year
2 than after No Music. On the physiological
level, there was no statistically significant dif-
ference between the conditions.

Our results indicate that music-facilitated
relaxation helped reduce subjective tension
better than active control (reading magazines).
However, against our expectations, music did
not reduce participants’ arousal. It may be that
music-facilitated relaxation is psychologically
mood-improving and tension reducing yet re-
viving and for some even energizing and arous-
al-increasing. The combination of increase in
positive emotions and energy and decrease
in tension aligns with the regulatory strategy
Revival described in Saarikallio et al. (2007).
Self-selected music might have been one other
factor that could have affected the ambiguous
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Arousal ratings. Research has shown that pre-
ferred music is associated with increase in sub-
jective arousal (Radstaak et al., 2014; Salimpoor
et al.,, 2009; Schafer & Sedmeier, 2011). This
aligns with Lingham and Theorell’s (2009) con-
clusion that, even if the music can be classified
as relaxing, it can still increase arousal if one is
familiar with it and likes it.

Finally, it is important to discuss the un-
derstanding of music-facilitated relaxation as
a phenomenon. As mentioned earlier, Smith
(2007) describes 12 types of relaxation states
that vary from sleepy to energetic. Based on
our results, we can assume that music-facilitat-
ed relaxation, especially with preferred music,
might belong to the category ‘positive energy’
that includes such relaxation states as joyful
and optimistic (Smith, 2007). Such states can be
characterized with reduced tension and higher
valence, but they do not include low arousal.

Limitations and Suggestions for Future Rese-
arch

The sample size of the current study is small,
so our conclusions are not necessarily general-
izable. Participants in the current study were
15-16-year-old boys and girls living in Jyvasky-
14, Finland. Thus, we cannot claim that the same
conclusions are applicable to other populations.
Also, most participants (18 out of 26) were girls.
We used HRV as a physiological measure of re-
laxation, which is commonly used in stress and
relaxation research. However, HRV is method-
ologically sensitive to a high number of indi-
vidual factors affecting the measurement result.
Experiments should therefore be conducted in
a controlled environment, which is less ecologi-
cally valid. Future research could also include
stress induction activities to see the relaxation
effects more clearly.

Conclusion

The concept of music-facilitated relaxation
may be more complex than what is common-
ly considered, particularly in relation to the
arousal dimension. This creates a need for fur-
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ther research to carefully consider how to con-
ceptualize and operationalize music-facilitated
relaxation. Also, further research that utilizes
a combination of physiological and self-report
measures is needed to achieve a comprehensive
knowledge of musical experiences.
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