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ABSTRACT

The use of auditory interface at the relaxation-assisted
interactive system is becoming increasingly popular. This
study aims to investigate the effects of different types of
auditory content on the subjective relaxation experience.
The participants listened to fifteen sound samples from five
categories: (a) nature white noise, (b) natural soundscape,
(c) ambient music, (d) instrumental music, (¢) instrumental
music mixed with the natural soundscape. These auditory
contents were selected or designed specifically for assisting
relaxation. The study measured the subjective relaxation
rating after listening to each sample and interviewed the
listeners to understand what causes the differences in
relaxation experience. The results indicate that the
instrumental music and the combination of nature
soundscape and music might be a better auditory content or
audio form to induce relaxation compared to the ambient
music, pure natural soundscape, and nature white noise.
The findings of this study can be used in the design of
musical and auditory display in many interactive systems
for stress mitigation and relaxation exercises.
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1. INTRODUCTION

The auditory interface is widely used for the relaxation-
assisted system; since it liberates users from visually
focusing, allows them to close the eyes and improves their
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focus and comfort. Harris et al. [1] developed an auditory
biofeedback system that encourages slow breathing. The
system adjusts the quality of a music recording in
proportion to the user’s respiration rate. Sonic Cradle [2]
offers the users an immersive experience, where they could
shape a peaceful soundscape by regulating their respiration.
In [3], the authors proposed auditory respiratory
biofeedback by adapting the music quality (e.g., signal-to-
noise ratio) to promote slow and deep breathing.

Music is frequently used in relaxation exercises as a
background accompaniment because they are believed to be
effective in calming down, reducing negative emotion and
enhancing relaxation. Therefore, many researchers explored
applying the form of music into the human-computer
interface design for relaxation-assistant biofeedback
systems [3-4]. Besides, nature sounds are also perceived as
pleasant components of a sound environment and used as
feedback to support interaction [5]. For instance, Eggen et
al. [6] used the birdsongs as a type of peripheral display to
communicate information about the activity in the office.

Many researchers have investigated the relaxing effect of
different music genres, such as stimulative vs. sedative [7],
classical vs. self-selected [8] and classical vs. New Age [9].
Stratton et.al [10] also explored the role of music in
relaxation by comparing five types of music regarding the
pleasurable quality of the experience, ability to empty the
mind, and liking of the music. However, to our knowledge,
most of these studies focused only on music, not on other
auditory content, such as nature white noise and natural
soundscapes. For instance, some ambient music, the sound
of rain and the soundscape of forest are often applied to
create a pleasant acoustic environment for relaxation; few
researchers have explored the listener’s relaxing experience
with these auditory content.

In this study, we aim to investigate the effects of different
types of auditory content on the relaxation experience. The
findings of this study might be a reference regarding the
selection of the auditory content or forms in the design of
the interface which aims to promote relaxation. We broadly
divided the sounds or music that are commonly used for
relaxation into five categories: nature white noise (NN),
natural soundscapes (NS), ambient music (AM),
instrumental music (IM), and the combination of
instrumental music and natural soundscapes(IMNS). Each
category consists of three sound samples. Each participant
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listens to a total of 15 sound samples in the experiment. We
measure the self-reported relaxation rate after listening each
sample and conduct a post-listening interview after all
listening tests to recognize the listeners’ overall preference
and opinions about different sound categories. We analyze
the results both in a qualitative and quantitative way to
understand what causes the differences in the relaxation
experience and discuss how these findings can be used in
the auditory interface design regarding relaxing experience.

2. RELATED WORK

White Noise in sound is created by a continuum of
frequencies equally distributed over the whole hearing
range. In healthcare applications, the white noise is used to
treat hyperacusis or to camouflage the annoyance caused by
tinnitus [11]. The natural source of white noise might be a
natural phenomenon that creates multiple frequencies;
resulting in a sound that listener may find soothing, such as
the sound of rain, fire, and wind. Nature white noise is
commonly used to mask background noises in the office
[12] or to aid in focus or sleep [13, 14].The work in [15]
demonstrate that the listener's moods and the ability to
focus improved when exposed to nature white noise.

A natural soundscape refers to a natural acoustic
environment consisting of various sounds created by nature
(geography and climate): wind, water, forests, plains, birds,
insects, or animals. The keynote sounds in a natural
soundscape “outline the character of the people living
there” [16]. Many nature sounds are typically perceived as
pleasant components of a sound environment [17, 18] and
used for coping with stress. For instance, the birdsong and
sound of rain have shown a positive emotional effect [19].
And a mixture of sounds from a fountain and tweeting birds
have also demonstrated stress-relieving effect via the
autonomic nervous system [20].

The concept of ambient music was developed in the 1970s,
stemmed from the experimental and synthesizer-oriented
styles of the period. Different from the classical music with
a perceptible melody or rhythm, ambient music usually
focuses on creating a mood or atmosphere through
synthesizers and timbral qualities. Ambient music is
generated by modulating tonal sounds and sonic textures,
allowing the listeners to identify a particular musicality but
without any melody or tempo [21]. As the rhythmic nature
of music will impose its tempo or rthythm on listener’s body
[22], such as heart rate or breathing; the absence of a
musical pattern in ambient music leaves much freedom to
the listener's feelings. Space music is a subgenre of ambient
music, which is intended to create a sense of “continuum of
spatial imagery and emotion,” beneficial introspection, deep
listening and sensations of floating, cruising or flying [23].
Ambient music, especially space music are also widely
used to stimulate relaxation, contemplation, inspiration and
meditation [24].

For many people, music is a source of pleasure, a great
mood booster. A fast and dynamic musical piece may have
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an excitative effect while a melodious and slow ones have a
sedative effect. Music listening can powerfully evoke
emotions [25] and influence the heart activity, blood
pressure, respiration and the activity of autonomic nervous
system [26-28]. Several researchers [29-31] suggest that
relaxing music helps to reduce subjective anxiety and
physiological stress, particularly sedative music, which is
characterized by a slow tempo of 60 to 80 beats per minute
(bpm) with a soft dynamic range [32].

Some composers also integrated nature sounds into their
music for a more relaxing listening experience. For
instance, in new-age music, the nature sounds are used as
backgrounds for various musical soundscapes, or modified
with reverbs and delay units for creating the ambiance.
Goel and Etwaroo [33] found that listening to birdsong
accompanied by music reduced self-reported negative
affect. This combination was also reported to be effective in
decreasing pain and anxiety in cardiac surgical patients [34]
and those with cancer on hospice [35]. Some teachers also
combined the smooth sound of music with nature sounds to
create a pleasant learning environment [36].

3. SOUND SELECTION

The collection covered five categories: Nature White Noise
(NN), Natural Soundscapes (NS), Ambient Music (AM),
Instrumental Music (IM), the combination of Instrumental
Music and Natural Soundscapes (IM-NS). Each category
includes three different samples, and this is intended to
counteract the effects of listeners’ preference for a
particular piece of sound and music. A collection of 15
pieces of sound samples was created from sound materials
listed in Table 1. Each sound sample lasts 120 seconds and
is normalized to the same volume level.

3.1 Nature White Noise selections

Nature white noise selections were the sounds of rain, fire,
and water stream, which are all common natural sources of
white noise. Rain provides excellent white noise for
concentration, relaxation and falling asleep. Compared to
the rain, the sound of fire offers sharper transients (the
crackles) and a darker and warmer level of white noise. The
soothing sound of a flowing water stream is ideal for
blocking out environmental noises and distractions.

3.2 Natural Soundscapes selections

The selection of the natural soundscapes was based on a
pre-test user survey, which was designed to collect the
user’s opinions on which nature scenes would make them
feel relaxing. The responses from 40 participants suggest
that the most-frequently mentioned relaxing nature scenes
were “lying on the beach in the sunset,” “wandering into a
forest or a grassland,” “looking into starry night”, and
“walking in a mountain along a riverside.” Based on these
feedbacks, we created three natural soundscapes, namely
“Peaceful night”, “Mountain stream”, and “Rainforest”.
Each soundscape consists of three nature sounds appearing
with different frequency, namely low, medium and high



frequency. We assume that the sound appearing in high
frequency will be perceived as the keynote sound in the
soundscape. For instance, in the soundscape of
“Rainforest”, the sound of rain acts as the keynote sound; a
large number of rain drops sound like white noise, covering
a high-frequency range. The birdsongs are played at
medium frequencies, and the sounds of frogs arise only
occasionally.

Table 1: Sound selections

—

al. the sound of rain

a). Nature White Noise (NN) a2. the sound of water stream

a3. the sound of fire

b
b). Natural Soundscapes (NS) b2

. Peaceful night (the wind, insects, cicada)
. Moutain (water, birdsong, doves)

b3. Forest (rain, birdsong, frogs)

C

¢). Ambient Music (AM) 2

. Frequency-shaped tonal sounds
. Frequency-shaped meditation music

¢3. Trance-inductive space music

d
d). Instrumental Music (IM) RD)

. Piano Music ( “Satie's Gymnopédie No. 1)
. Anasazi Flute Music (“Coming Home )

d3. Guitar Music (“Easy Day”)

d1+bl, d2+b2, d3+b3; dl1+bl, d2+b3, d3+b2;

e). Instrumental Music with

+ + +b3; d1+ + +bl;
Nature Soundscapes (IM-NS) d1+b2,d2+bl, d3+b3; d1+b2, d2+b3, d3+bl;

d1+b3, d2+bl, d3+b2; dI+b3, d2+b2, d3+bl;

3.3 Ambient Music selections

In our study, we selected three pieces of ambient music
created by myNoise'. Each piece of music consists of
multiple tonal layers, from sub-bass, low bass, bass, high-
bass, low-mids, mids, high-mids, low-treble, treble, to high-
treble. These pieces are characterized by sustained and
synthesized tones, accompanied by the sounds such as a
subtle hum, a haunting flute or sparkling bells. Slow and
freely flowing rhythm, little dynamic contrast and lack of
percussion give the music an overall calming, tranquil and
dreamy feeling.

3.4 Instrumental Music selections

Three pieces of instrumental music, a piano, guitar and flute
solo, were used in the study. The first piece of music was
Gymnopédie No. 1, a piano composition by Erik Satie. The
second piece of music was Coming Home, a piece of
Anasazi flute by Terry Bradley. The third piece was Easy
Day in Beautiful Life by Ferenc Hegedus. These pieces of
music are widely acknowledged or used as a sedative music
and characterized by flowing melody and steady rhythms.
Such type of music has been used in the study [37], the
results of which have shown that it reduces stress and
enhances the relaxation.

" myNoise, http://mynoise.net/

71

3.5 Instrumental Music mixing with natural
soundscapes

We got nine combinations of instrumental music and
natural soundscapes. To counterbalance the stimulus of
combinations (ensure that the listener does not listen to two
instrumental music with the same natural soundscape), we
made six groups of combinations, each of which contains
three combinations. Accordingly, thirty participants are
randomly divided into six groups, each group receives one
group of combined sounds, as shown in Table 1. In the
mixing of the soundscape with the music, we normalized
the volume of the soundscapes to 30 percent of the music
volume. The idea here is to enable the instrumental music
could still be perceived as the main sound while the natural
soundscapes serve as the background sound.

4. METHOD

A within-subjects experiment design was used to assess the
effects of five categories of sounds on subjective relaxation
experience. The independent variable is the type of sound
or music, and the dependent variable is the self-reported
relaxation experience. Each subject listened to 15 sound
samples in a counterbalanced order. Study participants were
unaware of the specific aims of the study and the predicted
effects of the different sound. They were not told the name
of any of the sound selections.

4.1 Subjects

Thirty participants took part in the study through informed
consent procedures. All participants were volunteers. They
were randomly selected from a variety of undergraduate
and graduate classes. The 15 males and 15 females ranged
in age from 22 to 33. There was a wide range of reported
daily music listening time, from no time spent to more than
2 hours. Because people with extensive music training may
respond differently than non-musicians to musical stimuli,
those with a formal background in music were excluded
from the study.

4.2 Measures and apparatus

Measures included a background questionnaire, Relaxation
Rating Scale (RRS) [8] and a post-listening ranking and
open question interview. The background questionnaire
consists of three questions relatively about daily music
listening time, the habit of listening to the music, and the
taste in music. In this study, each participant will listen to
15 sound samples. The short exposure (2 minutes) to each
sound sample is not enough to affect the stress state of the
listeners. Besides, the stress measurement such as State-
Trait Anxiety Inventory would take too long to complete.
Therefore, we used the relaxation rating scale which only
requires the participant to rate his/her level of relaxation on
a Likert-type scale with one being ‘‘not relaxed at all’’ and
nine being ‘‘totally relaxed’” by circling the number that
best described his/her experience of relaxation. Higher
scores indicate that the participant is more relaxed. A small



testing room furnished with a recliner chair, rug, lamps, and
audio equipment was used. A 40-W floor lamp softly
lighted the room. The music was played through an acoustic
noise cancelling headphones (Bose, QuietComfort 25) at a
fixed volume of 7 on a Mac computer.

4.3 Post-listening Interview

Individual interviews with each participant were conducted
after all sound samples listening. The interview was
intended to obtain deep understandings of user preference
and subjective experience towards each sound category as a
whole; the feedback and insights could be applied in future
sound design for mind-body practice. Before the interview,
the participants were informed the names of all sound
samples and sound categories; then they were given some
time to recall the listening experience with different sound
samples. The participants then ranked each sound category
as a whole based on their preference in the context of
relaxation. Finally, we asked participants questions about
their rankings. The example of the question might be “could
you tell me the reason you choose instrumental music as the
first choice?”

4.4 Procedure

All subjects were tested individually. Before the sound-
listening session, each subject completed the background
questionnaire (lasting approximately 5 minutes). Then, the
participant was seated in the recliner with comfort and
relaxed for 3 minutes. The participants were told to finish
the relaxation rating scale based on the current relaxation
experience as the baseline. After that, they were asked to
put the headphones on and relax while listening to the
sound. The researcher started to play sound samples one
after another. The sound faded in and out in each sound-
listening test to ensure a comfortable listening experience.
After listening to one sound sample, the subject
immediately finished the RRS. When all sound-listening
tests were completed, the participant was instructed to have
a post-listening interview.

5. RESULTS
5.1 Quantitative Results

The analysis of variance was conducted to determine the
effects of the different sound types (NN, NS, AM, IM, IM-
NS) on the subjective rating of relaxation experience. See
Table 2 for means and standard deviations of the Relaxation
Rating Scale towards each sound and sound category.
Firstly, one-way ANOVA analysis was conducted between
sound samples in each category and also between sound
categories. Furthermore, based on the background
questionnaire, we divided the participants into two
subgroups based on their daily music listening time: active
music listener group who spend more than 1 hours listening
to music per day and inactive music listener group. Then,
We did the analyzes of the subgroups.
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Table.2. Relaxation Rate Scales on each sound sample

Sound Types | No. Sound Means SD Means SD
S1 Rain 6.10 1.75

Nature §2 Water 5.03 g5 O 136
White Noise $ Fire 487 211
S4 Night 5.10 1.92

Natural S5 Mountain  6.47 1.33 351 133
Soundscape S6 Forcst 493 221
S7  AMI 4.43 1.90

Ambient | S8 AM2 640 161 ! 13
Music 1 g9 ams 397 239
S10  Piano 7.23 1.30

Instrumental | SI1  Flute 683 146 1010
Music S12 Guitar 723 122
o S13  Piano+NS  7.03 1.56

With Nature | S Pues 677 125 693 092
Soundscape S15  GuitartNS  7.00 1.29

5.1.1 Compared with pre-listening relaxation state

The results in Table 2 indicated that with all six sound
samples from IM group (7.10+1.0, p<0.001) and IM-NS
group(6.93+0.92, p<0.001), the participants reported a
significant increase in their relaxation rating. In general, the
sounds from NN (5.33+1.36, p=0.86), NS (5.51+1.33,
p=0.57) and AM (4.91£1.35, p=1.0) did not significantly
affect the participant's subjective ratings on relaxation.
Specifically, a significant increase was only observed with
the soundscape of “mountain stream” from NS group
(»=0.026) and frequency-shaped meditation music (AM?2)
from AM group (p=0.011).
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Figure 1. Relaxation Rate Scales on each sound sample

5.1.2 Between sound categories

There was a significant difference between sound
categories as determined by one-way ANOVA (F(2,27) =



18.97, p <0.001). A Tukey post-hoc test revealed that the
relaxation rating on IM group and IM-NS were both
significantly higher than NN (5.33+1.36 scores, p<0.001),
NS (5.51+1.33 scores, p<0.001) and AM (4.92+1.50 scores,
p<0.001) groups. There were no significant differences
between the IM and IMNS groups (p=0.985).

5.1.3 Within each sound category

As shown in Figure 1, there was a significant difference
among sounds within NN group (F(2,27)=3.69, p=0.029).
The rating on the sound of rain was significantly higher
than the sound of fire (4.87+ 2.11, p=0.037). In NS group
(F(2,27)= 6.16, p=0.003), the rating on the soundscape of
‘mountain stream’ was significantly higher than the ‘Night’
soundscape (5.10£1.92, p=0.015) and the ‘Rainforest’
soundscape (4.93+ 2.21, p=0.05). In the AM group, the
ratings on the second music (Frequency-shaped meditation
music) was significantly higher than the first music (4.43+
1.90, p=0.001) and the third one (3.97+ 2.39, p<0.001). In
IM group and IM-NS group, there were no significant
differences among sound or music samples.

5.1.4 Active listeners vs. Inactive listeners

The differences between the active music-listening and
inactive music-listening subgroups were shown in Figure 2.
In both subgroups, the ratings on IM and IM-NS were both
significantly higher than other three sound categories. With
the ambient music, the active music-listening group showed
high ratings on relaxation, but the difference was not
significant (F(2,27)=3.51, p=0.071).

B Active Music-listening O Inactive Music-listening

O R N WS U1 0
I R T T T

NN NS AM IM

IM-NS

Figure 2. Relaxation Rating Scores, Active music-listening vs.
Inactive music-listening group

5.1.5 Post-listening overall ranking

The results of post-listening rankings show the listeners’
general opinions about five sound categories. See figure 3,
12 participants chose the IM as their favourite for
relaxation, and 11 participants chose IM-NS. Regarding the
second choice, IM and IM-NS still received the majority of
votes, namely eight votes and 12 votes. Most participants
were neutral toward NS, where six votes for the second
favourite, 14 votes for the third place and six votes for the
fourth place. The votes for NN group are distributed more
widely and evenly; the 1% choice received five votes, and
the 3", 4™ and the last choice received eight votes equally.

AM received the worst rankings, where 9 participants
ranked it as the penultimate choice and nearly half of
participants selected it as their last choice. The results of
ANOVA analysis indicate that the rankings on IM and IM-
NS categories are significantly higher than other three
categories (F(2,27)=13.44, p<0.001).
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Figure 3. Rankings by participants on five sound categories
5.2 Quialitative Results

5.2.1 Nature white noise & natural soundscape

In both categories of nature white noise and natural
soundscape, we found the participants’ preference for a
particular nature sound or nature environment varies
widely. We argue that there is a significant correlation
occurred between liking and relaxation experience. When
the listener likes a specific nature sound, there is a high
likelihood of a strong relaxing experience and vice versa.
For example, one participant who ranked the rain sound as
her favourite commented that “/ like rainy days. The sound
of rain makes everything outside look more calm and quiet
and also makes me feel relaxing.” meanwhile, another said,
“the sound of rain reminded me of the bad weather when I
was caught in the rain on my way to work.”

Listening to soundscapes enriched the experience in other
senses, such as some feelings described in the interview
“the warmth of the sunshine,” “the heat of a bright
afternoon,” and “a gentle breeze blowing.” These pleasant
experience might enhance relaxation. One participant
mentioned that “the soundscape of the water stream, bird
songs, and doves is very relaxing, give me a feeling of
peace.” We found that the same soundscape might also be
perceived differently. For instance, the soundscape of forest
could be perceived as a relaxing situation as described as
“sounds like walking in the woods with fresh air”, but also
as a dangerous one, “It makes me feel like I am exploring in
an unknown place alone.” Moreover, because a soundscape
may consist of a variety of nature sounds, the relaxation
experience is easier to be influenced by the individual®
preferences on a certain nature sound. Some participants
mentioned that they like the “forest” soundscape, but they
dislike the sound of frogs, which seriously reduce their
experience. For part of participants who ranked natural
soundscape low, they thought it was distracting and



annoying as a whole when all sound elements in the one
soundscape are all become louder.

5.2.2 Ambient Music

The feedbacks from the interview show that most ambient
music created a particular atmosphere that stimulates the
participants’ senses, but these enhanced feelings had no
significant positive effect on relaxation. With the ambient
music, most participants reported a feeling as if they were
floating in space or on air. However, for some participants,
especially most female participants, the scenes or feelings
evoked by ambient music tend to be “cold”, “dark”,
“alone” and even “lifeless”, and this increased their sense
of insecurity and tension instead of relaxation. The
participants described their feelings like these: “ the
drumbeats made me feel more worried;” “this made me
dizzy;” “Scary, not relaxing;” and “The sound creep me
out.” However, the participants who prefer that ambient
music suggested that the lack of structured melody, rhythm
or beat make the music less predictable, which enables
them to focus more on their breathing and body.

5.2.3 Instrumental Music

Instrumental music enhances the relaxing experience by
evoking positive emotions, happy memory or beautiful
imaginations. Most participants ranked instrumental music
as the most relaxing sound type, and they reported when
listened to the music, some visual imageries of nature and
episodic memories came to the mind, which made them feel
pleasant and relaxing. In the interview, they mentioned that:
“the smooth flute music made me think of an image of an
idyllic scene of cows and rolling hills,” “The guitar I just
heard reminds me of my high school days.” “It reminds me
of the happy hours I spent with my friends.” Some
participants also suggested that the selected music stirred
their emotions: “the piano music made me feel relaxing but
a bit sad.” Most of the memories, visual imageries and
emotions were positive, such as “pleasant”, “beautiful”
and “happy”.

5.2.4 Combination of Music and Nature Soundscape

Compared to the purely instrumental music, the
participants’ opinions on the combination of music and
natural soundscape were a bit different. The participants
who selected the combination as their favourite suggested
that the natural soundscape quickly visualized a nature
scene in their mind. The imaginary nature scenes made
them feel like they were in another world, such as being
“on vast grasslands” or “in a verdant forest.” And the
music which goes with the nature scenes enhances the
feeling of relaxation. However, a few of participants prefer
the purely instrumental music for two reasons. When the
visual imageries evoked by the music is inconsistent with
the imaginary nature scene created by natural soundscape,
this combination will weaken the relaxing effects of playing
one of them alone. Take the Anasazi flute music as an
example; one participant mentioned the music gave her a
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visual imagery of “gently rolling hills covered with
orchards in the sunset”, but when it was mixed with nature
soundscape of the forest, the nature sounds instead became
a big dissonance in the music. Another reason was that for
some listeners, the mixture might produce a particularly
fragile sound in the melody of the music and the harmony
of the natural soundscape.

6. DISCUSSION

The results of this study show that participants perceive
more relaxation after listening to the instrumental music or
listening to the music accompanied with natural soundscape
than other three categories. Listening to the natural
soundscapes are also partially perceived to be more
relaxing. However, with nature white noise, most
participants reported no improvement in their subjective
relaxation compared to before listening. There is a large
variation in the relaxation ratings on ambient music; some
listeners were even more anxious after listening to a
particular piece of ambient music. It is possible that the
personal taste in music or preference on nature scene has a
strong influence on subjective relaxation experience.

Although nature white noise has been used in a wide variety
of relaxation-assisted products, website, and application,
such as MUJI to relax’, there are few studies to verify its
effect on relaxation. In [36], the researchers suggested that
nature white noise is effective in improving the mood and
performance of workers by masking background noise and
promoting a focused state. In our study, we did not find
strong evidence that nature white noise can induce
relaxation effectively. The results suggested that the
relaxation experience largely depends on how a user like
nature sounds subjectively or emotionally.

The listeners had significantly different attitudes towards
ambient music regarding relaxation experience. We
selected three pieces of ambient music that are close to the
style of space music. As claimed in [23] by Hill, space
music can evoke a “continuum of spatial imagery and
emotion,” and the evoked feeling or sensations of flying
and floating would be beneficial for relaxation. The
feedback from interviews partly confirmed this view. Most
participants described their feelings like “floating in space,
in the air or on the water.” However, we found no evidence
that these ‘the sensation of floating” would contribute to the
subjective relaxing experience. Instead, a feeling of
loneliness, insecurity and restlessness might be increased
with ambient music. And we think that the evoked spatial
imagery and enriched sensations by ambient music could be
well used in sound installation design.

Our assumption was that the combination of natural
soundscape with instrumental music would bring a more
relaxing experience to the listeners. The sounds of nature
are thought to be effective in minimizing individuals’
perception of unpleasant noise in the environment,

2 MUIJI to Relax, MUJI to Sleep: http://sleep.muji.net/



providing individuals with a perceptual reality that is
soothing and comforting. The musical parts can be created
to enhance harmony and evoke positive emotions.
However, in this study, the natural soundscape mixed with
the music does not increase the participants’ relaxing
experience compared to pure music. We think there are
three main explanations for this. The first reason might be
the disharmony or mismatch between nature acoustic
environment of soundscape and the visual imageries evoked
by music. As suggested in the literature [38, 39], the music
could evoke visual imagery. The natural soundscape could
also create the sensation of experiencing a natural acoustic
environment or an imaginary nature scene [19]. Therefore,
only when the nature scene goes with the music, they are
mutually reinforcing.

Adding nature sounds into music to enhance the listener’s
emotions and relaxation experience has been explored for
many years, such as in the creation of New-age music. The
new-age music combines the instrument sound such as
flutes, piano, acoustic guitar with a wide variety of ambient
sounds. We went back to some pieces of New-age music
which integrate nature sounds with instrumental music. For
instance, Dean Evenson combined his peaceful flute music
with the sounds of nature in 1979. The recent example
could be the album “Headwaters - Music of the Peel River
Watershed” by Matthew Lien, in which the sounds of the
watershed was composed and assembled into the music. We
found that in these pieces of music, it is not simply
overlaying the nature sounds onto instrumental music. The
nature sounds are carefully selected and arranged by the
composer as the essential integrant of the music. For
example, when selecting a particular bird song, it should be
considered that whether it is convenient to fit within a
melodious musical form or a musical model. Finally, we
also found that this mixture could easily produce a
particularly fragile sound in the melody, which sounds too
complex and even noisy. Therefore, another obstacle facing
the use of natural soundscapes in music is their complexity.

The participants were exposed to 15 sound samples in five
categories to counteract the effects of listeners’ preference
in sound or music, but this restricts listening time for each
sample to 2 minutes. We argue that extending the time
listening to music might allow us to be more confident
about our results. The 2-minute listening time is too short
for valid physiological measurements, such as respiration
and skin  conductance.  Therefore, physiological
measurements were not taken in this study. As suggested in
[8], the assessment of heart rate, respiration and skin
conductance could give more objective data on the arousal
changes and relaxation responses with the music. Also, we
suggest that, in the future research, stressing the participants
before listening to the music might create a better measure
of the participants’ relaxation feeling as it might result in a
greater range of emotional and physiological responses that
could be potentially affected by different music types.
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7. CONCLUSION

This study presents a rationale for the use of different types
of auditory content for relaxation. The instrumental music
and the combination form of music and natural soundscape
gained high acceptance regarding subjective relaxation
experience. Nature white noise might be more suitable for
masking environmental noises for a focused state. The
natural soundscapes and ambient music can evoke spatial
imagery and enriched sensations by creating an acoustic
environment or atmosphere. However, the preferences on
nature sounds and ambient music vary widely from
individual to individual and user experience evoked by the
same soundscape, or ambient music shows a larger
deviation. The combined form of instrumental music and
nature sounds has a great potential as an auditory feedback
in an interactive system for relaxation purpose. However,
the nature sound should be selected carefully considering its
complexity and target audience. The selected nature sounds
need to be arranged into a musical form or composition.
Only well-paired nature sounds and instruments could
complement each other.

8. ACKNOWLEDGMENTS

We would like to thank the colleagues in Designed Intelligence
group for their assistance in the experiment. We would like to
thank Design United and the China Scholarship Council for their
support on the project.

9. REFERENCES

[1] Harris, Jason, et al. 2014. Sonic respiration: controlling
respiration rate through auditory biofeedback. In Proceedings
of Extended Abstracts on Human Factors in Computing
Systems (Toronto, Canada, April 26 - May 1, 2014). CHI EA
'14 ACM, New York, NY, 2383-2388. DOI=
http://doi.acm.org/10.1145/2559206.2581233

Vidyarthi, Jay, Bernhard E. Riecke, and Diane Gromala.2012.
Sonic Cradle: designing for an immersive experience of
meditation by connecting respiration to music. In
Proceedings of the designing interactive systems
conference.(Newcastle, UK, June 11-15, 2012) DIS '12 ACM,
New York, NY, 408-417. DOI=
http://doi.acm.org/10.1145/2317956.2318017

Bhandari, Rhushabh, et al. 2015. Music-based respiratory
biofeedback in visually-demanding tasks. In Proceedings of
the International Conference on New Interfaces for Musical
Expression (Baton Rouge, Louisiana, USA, May 31-June 3,
2015) NIME’15, 78-82.

Bergstrom, Ilias, et al. 2014. Using music as a signal for
biofeedback. International Journal of Psychophysiology, 93,
1 (2014), 140-149. DOI=
http://dx.doi.org/10.1016/j.ijpsycho.2013.04.013

Eggen, B., Mensvoort, K. 2009. Making Sense of What Is
Going on ‘Around’: Designing Environmental Awareness
Information Displays. Awareness Systems, Springer, (2009),
99-124.

Eggen, B., Van Mensvoort, et al. 2009. Soundscapes at
workspace zero—design explorations into the use of sound in
a shared environment. In Proceedings of the 6th International
Conference on Pervasive Computing, Pervasive '08 Springer-
Verlag Berlin, Heidelberg, 287-312.


http://doi.acm.org/10.1145/2559206.2581233
http://doi.acm.org/10.1145/2317956.2318017
http://dx.doi.org/10.1016/j.ijpsycho.2013.04.013

[7] Gan, Samuel Ken-En, Keane Ming-Jie Lim, and Yu-Xuan
Haw. 2015. The relaxation effects of stimulative and sedative
music on mathematics anxiety: A perception to physiology
model. Psychology of Music, 44, 4 (June 2015), 730-741.
DOI= http://dx.doi.org/10.1177/0305735615590430

[8] Labbé, Elise, et al. 2007. Coping with stress: the
effectiveness of different types of music. Applied
psychophysiology and biofeedback, 32, 3, (2007), 163-168.
DOI= http://dx.doi.org/10.1007/s10484-007-9043-9

[91 McCraty, Rollin, et al. 1998. The effects of different types of
music on mood, tension, and mental clarity. Alternative
therapies in health and medicine, 4,1 (1998), 75-84.

[10] Stratton, Valerie N., and Annette H. Zalanowski. 1984. The
relationship between music, degree of liking, and self-
reported relaxation. Journal of Music Therapy 21, 4 (1984),
184-192.

[11] Jastreboff, Pawel J., and Jonathan WP Hazell.1993. A
neurophysiological approach to tinnitus: clinical implications.
BrJ Audiol 27, 1 (1993), 7-17.

[12] Jahncke, Helena, et al. 2011 Open-plan office noise:
Cognitive performance and restoration. Journal of
Environmental Psychology 34, 4 (2011), 373-382. DOI=
http://dx.doi.org/10.1016/j.jenvp.2011.07.002

[13] Stanchina, Michael L., et al. The influence of white noise on
sleep in subjects exposed to ICU noise. Sleep medicine 6, 5
(2005),423-428. DOI=
http://dx.doi.org/10.1016/j.sleep.2004.12.004

[14] Scott, Thomas D. 1972. The effects of continuous, high
intensity, white noise on the human sleep cycle.
Psychophysiology 9, 2(1972), 227-232.

[15] DeLoach, Alana G., Jeff P. Carter, and Jonas Braasch. 2015.
Tuning the cognitive environment: Sound masking with
“natural” sounds in open-plan offices. The Journal of the
Acoustical Society of America 137, 4 (2015), 2291-
2291.DOI= http://dx.doi.org/10.1121/1.4920363

[16] Schafer, R. Murray. 1969. The new soundscape: a handbook
for the modern music teacher. BMI Canada.

[17] Lavandier, Catherine, and Boris Defréville. 2006. The
contribution of sound source characteristics in the assessment
of urban soundscapes. Acta Acustica united with Acustica 92,
6(2006), 912-921.

[18] Brown, A. L., and Andreas Muhar. 2004. An approach to the
acoustic design of outdoor space. Journal of Environmental
planning and Management 47, 6 (2004), 827-842.DOI=
http://dx.doi.org/10.1080/0964056042000284857

[19] Benfield, Jacob A., et al. 2014. Natural sound facilitates
mood recovery. Ecopsychology 6, 3 (2014), 183-188. DOI=
http://dx.doi.org/10.1089/ec0.2014.0028

[20] Alvarsson, Jesper J., Stefan Wiens, and Mats E. Nilsson.2010.
Stress recovery during exposure to nature sound and
environmental noise. International journal of environmental
research and public health 7, 3 (2010), 1036-1046.

[21] Eno, Brian. Ambient music. Audio Culture. Readings in
Modern Music (2004), 94-97.

[22] Anshel, Mark H., and Dan Q. Marisi. 1978. Effect of music
and rhythm on physical performance. Research Quarterly.
American Alliance for Health, Physical Education and
Recreation 49, 2 (1978), 109-113.

[23] Stephen Hill, New Age Music Made Simple, Hearts of Space,
Retrieved August 15, 2016 from
https://www.hos.com/n_word.html

76

[24] Stephen Hill, What is Space Music, Hearts of Space,
Retrieved August 15, 2016 from
https://www.hos.com/aboutmusic.html

[25] Lundqvist, Lars-Olov, et al. 2008. Emotional responses to
music: experience, expression, and physiology. Psychology of
music, 37,1, (2008), 61-90. DOI=
http://dx.doi.org/10.1177/0305735607086048

[26] Rickard, Nikki S. 2004. Intense emotional responses to music:
a test of the physiological arousal hypothesis. Psychology of
Music 32, 4, (2004), 371-388. DOI=
http://dx.doi.org/10.1177/0305735604046096

[27] Gupta, Uma, and B. S. Gupta. 2015. Psychophysiological
reactions to music in male coronary patients and healthy
controls. Psychology of Music 43,5 , (2015), 736-755 DOI=
http://dx.doi.org/10.1177/0305735614536754

[28] Iwanaga, Makoto, and Maki Tsukamoto. Effects of excitative
and sedative music on subjective and physiological relaxation.
Perceptual and motor skills 85, 1 (1997), 287-296.

[29] Liu, Hao, Jun Hu, and Matthias Rauterberg. Follow your
heart: Heart rate controlled music recommendation for low
stress air travel. Interaction Studies 16, 2 (2015), 303-339.

[30] Hanser, Suzanne B., and Larry W. Thompson. 1994. Effects
of a music therapy strategy on depressed older adults.
Journal of gerontology 49, 6(1994), 265-269.

[31] Voss, Jo A., et al. Sedative music reduces anxiety and pain
during chair rest after open-heart surgery. Pain 112, 1 (2004):
197-203.

[32] Gadberry, Anita L. 2011. Steady beat and state anxiety.
Journal of music therapy 48, 3 (2011), 346-356. DOI=
http://dx.doi.org/10.1093/jmt/48.3.346

[33] Goel, Namni, and Glenda R. Etwaroo. 2006. Bright light,
negative air ions and auditory stimuli produce rapid mood
changes in a student population: a placebo-controlled study.
Psychological medicine 36, 09 (2006), 1253-1263.

[34] Cutshall, Susanne M., et al. Effect of the combination of
music and nature sounds on pain and anxiety in cardiac
surgical patients: a randomized study. Alternative therapies
in health and medicine 17,4 (2011), 16-23.

[35] Chiang, Ling-Chun. 2012. The Effects of Music and Nature
Sounds on Cancer Pain and Anxiety in Hospice Cancer
Patients. Doctoral Thesis. Case Western Reserve University.

[36] Wellhousen, Karyn, and Ingrid Crowther. 2004. Creating
effective learning environments. Cengage Learning.

[37] Iwanaga, Makoto, Asami Kobayashi, and Chie Kawasaki.
Heart rate variability with repetitive exposure to music.
Biological psychology 70, 1 (2005), 61-66. DOI=
http://dx.doi.org/10.1016/j.biopsycho.2004.11.015

[38] Juslin, Patrik N., and Daniel Véstfjdll. Emotional responses
to music: The need to consider underlying mechanisms.
Behavioral and brain sciences 31, 5 (2008), 559-575.

[39] Quittner, Alexandra, and Robert Glueckauf. 1983. The
facilitative effects of music on visual imagery: A multiple
measures approach. Journal of Mental Imagery 7,1, (1983).
105-120.


http://dx.doi.org/10.1177/0305735615590430
http://dx.doi.org/10.1007/s10484-007-9043-9
http://dx.doi.org/10.1016/j.jenvp.2011.07.002
http://dx.doi.org/10.1016/j.sleep.2004.12.004
http://dx.doi.org/10.1121/1.4920363
http://dx.doi.org/10.1080/0964056042000284857
http://dx.doi.org/10.1089/eco.2014.0028
https://www.hos.com/n_word.html
https://www.hos.com/aboutmusic.html
http://dx.doi.org/10.1177/0305735607086048
http://dx.doi.org/10.1177/0305735604046096
http://dx.doi.org/10.1177/0305735614536754
http://dx.doi.org/10.1093/jmt/48.3.346
http://dx.doi.org/10.1016/j.biopsycho.2004.11.015



