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ABSTRACT
Introduction: Advances have been achieved by studies conducted to clarify the effects of high-resolution sound on autonomic 

nervous system activity. The effects of various types of sound quality, including high-resolution sound, on autonomic nervous 
system activity may vary for a number of reasons: e.g., whether someone likes listening to music and the frequency at which 
they listen to it. 

Materials and Methods: The present study aimed to compare the sympathetic and parasympathetic activities of 13 healthy 
female junior high school students while they listened to music of three different qualities: high-resolution sound, sound with a 
high frequency cut-off, and CD sound. Subjects were classified into two groups: those familiar and unfamiliar with music. 

Results and Conclusion: Although no significant differences were observed in sound quality or experience of music between 
the two groups, parasympathetic activities showed significant differences in the interaction between experience of music and the 
sound quality (p < 0.01). These results suggest that parasympathetic activity was inhibited when the musically-experienced 
group, who were familiar with the music being played, listened to it, and they were unable to feel relaxed.
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INTRODUCTION

Stress is defined as biological responses to physical, psychological, 
and social stimuli1). People living in modern society are exposed to 
many different types of stress, and the development of methods to cope 
with these stresses is considered to be important. A number of relaxation 
methods have been attracting attention in recent years: alternative treat-
ments, such as aroma, animal, and art therapies, and specialized relax-
ation methods including autogenic training, progressive relaxation, and 
image and music therapies. Furthermore, since healing music has 
become increasingly popular, the effects of music to alleviate stress are 
also being examined in more detail.

Music has been adopted as a relaxation method in many different 
fields; it stimulates the brain through the auditory nerve and its "fluctua-
tion effect" regulates the autonomic nervous system in the brain to stabi-
lize emotions and feelings2). Previous studies indicated that listening to 

music decreases heart, respiratory, and perspiration rates, which are 
physiological indices (parasympathetic dominance)3,4). The high quality 
of high-resolution sound has been investigated more intensively in 
recent years, listening to high-resolution sound has been shown to 
increase sympathetic and parasympathetic activities5). Since people lis-
tening to high-resolution sound are in an appropriate state of tension, 
they may maintain attention and concentration while feeling relaxed. 
Previous findings obtained from people who perform aerobics or exer-
cise to music showed that listening to music activated the sympathetic 
nervous system6). Therefore, the effects of various types of sound quali-
ty, including high-resolution sound, on autonomic nervous system activ-
ity may be associated with whether the person is familiar with the music 
played or has music experience.

The relationship between experience of music and autonomic ner-
vous system activity were examined in the present study, with a focus 
on three different types of sound quality: high-resolution sound, sound 
with a high frequency cut-off, and CD sound.
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MATERIALS  AND  METHODS

Subjects:

Subjects were 13 health female junior high school students without 
hearing impairments. A summary of the study was explained to them in 
oral and written forms before they provided consent. Since the subjects 
were minors, consent was also obtained from their parents and school 
officials. Seven out of the 13 students were classified into the musically 
experienced group, while the other six were in the musically inexperi-
enced group. This study was conducted in accordance with the Helsinki 
Declaration with the approval of the Ethics Committee of the 
Prefectural University of Hiroshima (approval number: 17MH031).

Experimental sound source:

Music played by Yasuda Girl's Junior and Senior High School 
Orchestra was recorded using a stereo IC recorder from SONY (ICD-
SX2000) and used as a sound source. Three types of sound quality: 
high-resolution sound, sound with a high frequency cut-off, and CD 
sound, were created from the original recording. The frequency of the 
high-resolution sound used in the experiment was 20 kHz, which was 
the highest audible frequency, or higher and its amplitude was 24 bits. 
The amplitude of the high-frequency cut-off sound, which did not 
include frequencies of 20 kHz or higher (or inaudible frequencies), was 
also 24 bits. CD sound included audible frequencies (20 kHz or lower) 
and its amplitude was 16 bits. The three sound recordings were output 
using high-resolution music speakers (2-way speaker system: ONKYO 
D-212EXT-D) and reproduction equipment (network CD receiver: 
ONKYO CR-N765).

Measurement conditions:

Prior to the experiment, students were asked to listen to music in a 
relaxed state; however, they were not informed of the three types of 
sound quality: high-resolution sound (A), sound with a high-frequency 
cut-off (B), and CD sound (C). Students listened to the sound of nature 
(including the sound of birds chirping), recorded as a basic sample to 
compare with the three types of sound quality, for five minutes. The 
same music was used for all three types of sound quality, and the order 
of playing Sounds A, B, and C was randomized (Figure 1). Each mea-
surement in the experiment involved four to five subjects.

Autonomic nervous system activity:

The autonomic nervous system activities of the subjects were 
assessed using a heart rate sensor from Union Tool Co. (WHS-1). The 
sampling rate of the sensor is 32 Hz and it is connected to other equip-
ment. The subjects, with ECG electrodes attached to two points on the 
chest, were in a natural state and did not feel burdened while their auto-
nomic nervous system activities were being recorded7). In the present 
study, cardiac sympathetic index (CSI) and cardiac vagal index (CVI) 
scores were assessed using the Lorenz Plot (an analysis program) of 
ECG R-R intervals (a method used to assess cardiac autonomic function 
with R-R interval data) developed by Toichi et al8).

Statistical analysis:

A two-way analysis of variance was conducted with differences in 
musical experience and the quality of sound (the sound of nature, 
high-resolution, high-frequency cut-off, and CD sound experienced at 
individual levels) as two factors and CSI and CVI scores as dependent 
variables. The sound of nature was recorded three times, and the mean 
of the three recordings was adopted as the basic sample. The normalities 
of CSI and CVI were examined using histograms and the Shapiro-Wilk 
test (P > 0.200). The statistical software EZR9) was used for analyses, 
and the significance level was p < 0.05.

RESULTS

Figures 2 and 3 show the CSI and CVI scores obtained while sub-
jects were listening to the three types of sound quality: high-resolution 
sound, sound with a high frequency cut-off, and CD sound, respectively. 
No significant differences were observed in CSI or CVI scores due to 
differences in musical experience or the sound of music (experience: p 
= 0.249 / p = 0.100, sound quality: p = 0.488 / p = 0.633).

Regarding the interaction between experience of music and sound 
quality, significant differences were observed in CVI scores (p < 0.01), 

Figure 1. Experimental procedure

Figure 2. Comparison of sympathetic activity index scores 
between musically-experienced and inexperienced 
groups while listening to different types of sound

 The solid line indicates the musically-experienced group.
 The dotted line indicates the musically-inexperienced group.
 Musical experience: p = 0.249   Sound quality: p = 0.488   Interaction: 

p = 0.212

Figure 3. Comparison of parasympathetic activity index scores 
between musically-experienced and inexperienced 
groups while listening to different types of sound

 The solid line indicates the musically-experienced group.
 The dotted line indicates the musically-inexperienced group.
 Musical experience: p = 0.100   Sound quality: p = 0.633   Interaction: 

p < 0.01
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but not in CSI scores.

DISCUSSION

In the present study, an analysis of the interaction between experi-
ence of music and sound quality revealed significant differences in CVI 
scores. The musical experience of the subjects appears to have influ-
enced their autonomic nervous system activity while they were listening 
to music. Increases in CSI scores and decreases in CVI scores were 
observed in the musically-experienced group, which suggests that sub-
jects in this group felt tense when they were listening to music. In a pre-
vious study conducted by Tomioka et al.10), when sign language inter-
preters heard spoken language, their trapezius and biceps brachii 
became strained even when they were not interpreting, and this muscle 
tone has been suggested to interfere with reductions in muscle tension 
and induce the onset or exacerbation of cervicobrachial disorders. 
Johansson et al11). indicated that long-term, persistent stress caused by 
repeated or binding exertion integrated sympathomimetic effects, which 
typically stimulate the circulatory/neuroendocrine systems and brain, to 
have a systemic and chronic influence. Therefore, when sign language 
interpreters listen to or hear spoken language, their sympathetic activity 
increases, causing a state of tension. In a previous study conducted by 
Fujisawa et al.12), the motor area in the brain issued direct instructions in 
relation to exercise, and the premotor area was shown to play an import-
ant role in connecting auditory information to kinetic information. 
Furthermore, when people were listening to a song that they had played 
or heard, their premotor area was activated. Therefore, in the present 
study, when the musically-experienced group listened to a song that 
they had played, they were unable to feel relaxed because the activated 
premotor area induced their body movements and sympathetic activity 
was increased.

Decreases in CSI scores and increases in CVI scores were observed 
in the musically-inexperienced group, suggesting that they were in a 
state of relaxation when they were listening to music. Regarding the 
interaction between experience of music and sound quality, significant 
differences were noted in CVI scores (p < 0.01), but not in CSI scores. 
Music contains irregular and continuous swings from the perspectives 
of amplitude and intensity, which are referred to as "fluctuations"1). 
When waves of fluctuations are represented using the symbol "f" (fre-
quencies), the biological rhythm of humans and fluctuations in nature 
are expressed as 1/f fluctuations. Various types of 1/f fluctuations are 
present in nature, including the sounds of a stream, birds chirping, and a 
pleasant breeze, and their rhythms are relaxing13). 1/f fluctuations are 
also occurred in brain waves when people are listening to soothing 
music, feeling comfortable, and resting. Therefore, when the musical-
ly-experienced group listened to music, 1/f fluctuations increased their 
parasympathetic activity and they felt relaxed.

No significant differences were observed in CSI or CVI scores, 
which are indices of autonomic nervous system activity, among the 
three types of sound quality: high-resolution, high-frequency cut-off, 
and CD sound. A previous study conducted by Ito et al.5) suggested that 
the LF/HF ratio and heart rate variability co-efficient (CVaa) were sig-
nificantly higher when subjects listened to high-resolution sound than to 
a sound with a high-frequency cut-off. Furthermore, high-resolution 
sound appeared to significantly increase sympathetic and parasympa-
thetic activities without causing sympathetic hyperactivity, and subjects 
in that study felt relaxed and appropriately stressed. However, in the 
present study, no significant differences were observed in autonomic 
nervous system activity among the three types of sound quality 
(high-resolution, high-frequency cut-off, and CD sound); however, sig-
nificant differences were noted between the sound of nature and the 
three types of sound quality. Since the music used in the present study 
was played by students in the musically-experienced group, it appeared 
to have had a stronger effect on autonomic nervous system activity in 
that group than differences in the three types of sound quality. In the 
musically-inexperienced group, the relaxing effect of music had a great-

er influence on autonomic nervous system activity than differences in 
the three types of sound quality.

Further research using the sound of nature, including the sound of 
birds chirping, instead music familiar to subjects is warranted in order 
to examine differences in autonomic nervous system activity when sub-
jects are listening to different types of sound quality. The present study 
comprised 13 female junior high school students; therefore, further stud-
ies involving a larger number of subjects are needed.

CONCLUSION

Regarding the interaction between the students' experience of music 
and sound quality, significant differences were observed in CVI scores.

No significant differences were noted in CSI or CVI scores, which 
are indices of autonomic nervous system activity, among the three types 
of sound quality: high-resolution, high-frequency cut-off, and CD 
sound.
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