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Abstract: Music is considered a powerful brain stimulus, as listening to it can activate several brain
networks. Music of different kinds and genres may have a different effect on the human brain. The
goal of this study is to investigate the change in the brain’s functional connectivity (FC) when music
is used as a stimulus. Secondly, the effect of listening to the subject’s favorite music is compared
with listening to specifically formulated relaxing music with alpha binaural beats. Finally, the effect
of the duration of music listening is studied. Subjects’ electroencephalographic (EEG) signals were
captured as they listened to favorite and relaxing music. After preprocessing and artifact removal,
the EEG recordings were decomposed into the delta, theta, alpha, and beta frequency bands, and
the grand-averaged connectivity matrices were generated using Inter-Site Phase Clustering (ISPC)
for each frequency band and each type of music. Furthermore, each lobe of the brain was analyzed
separately to understand the effect of music on specific regions of the brain. EEG-FC among different
channels was accessed by using graph theory and Network-based Statistics (NBS). To determine
the significance of the changes in brain networks after listening to music, statistical analysis was
conducted using Analysis of Variance (ANOVA) and t-test. The study of listening to music for a
short duration verifies that either favorite or preferred music can affect the FC of the subject and
induce a relaxation state. The short duration study also verifies a significant (ANOVA and t-test:
p < 0.05) effectiveness of relaxing music over favorite music to induce relaxation and alertness in the
subject. In the study of long duration, it is concluded that listening to relaxing music can increase
functional connectivity and connections strength in the frontal lobe of the subject. A significant
increase (ANOVA and t-test: p < 0.05) in FC in alpha and theta band and a significant decrease
(ANOVA and t-test: p < 0.05) in FC in beta band in the frontal and parietal lobe of the brain verifies the
hypothesis that the relaxing music can help the subject to achieve relaxation, activeness, and alertness.

Keywords: functional connectivity; electroencephalography; music stimuli; graph theory; network-
based statistics; Inter-Site Phase Clustering; brain lobes

1. Introduction

Music is considered a source of entertainment and a potent stimulator of brain waves.
Research has shown that music can have a strong effect on humans. It can relieve anxiety [1],
depression [2], and stress [3]; enhance mood [4]; and increase spatial awareness [5]. With
the development of smartphones and other gadgets, music is very easily assessable through
the Internet worldwide. Interestingly, the genre of music can be important. Different
genres of music affect the human brain differently [6]. Slow and quiet music, especially
classical music, can relax the mind and body of a subject [7], and the listener enters a
deeply relaxed state. This can be useful for physiological functions, such as decreasing the
heart rate, blood pressure, and the secretion of stress hormones [8]. Music can also help
in expressing emotions. Hotels and restaurants play background music to enhance the
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customer’s interest [9]. Playing music can enhance the taste of food as well as keep the
customer calm while waiting for the food. It is also said that the pace of music can impact
the eating rhythms. Due to its wide availability, music has become an easy stress-reduction
tool. Researchers have been studying the effect of music, mood [10], and rhythms using
EEG. Loud and noisy music can increase the blood flow rate, blood pressure, and heartbeat
of a person [11]. Music can also be used as a cure for some mental disorders. Listening to
favorite music can invoke the damaged portion of a stroke patient’s brain [12] and hence
can be used as a method of recovery. Stress is a normal feeling, but prolonged stress can
harm physical health as well as the mood and behavior of the subject [13]. Depression,
anxiety, learning disabilities, and autism can potentially be cured by using music-based
NFT [14-16].

With the advance in neuroimaging techniques, the effect of music on the brain can now
be studied. Electroencephalogram (EEG) is a non-invasive electrophysiological neuroimag-
ing technique to detect the electrical activities in the brain using electrodes placed on the
scalp. The human brain communicates using electrical impulses that can be recorded using
EEG sensors/electrodes. Brain network analysis, a technique that investigates different
mechanisms taking place inside the brain, is considered a promising tool. The large-scale
connections between different brain regions within different oscillations can provide insight
into the behavior of the brain.

A human brain is sub-categorized into different regions. Each region of the brain
is responsible for some specific tasks. For example, in cases of depression and anxiety,
improved connectivity amongst the amygdala and hippocampus has been seen [17]. The
study of FC of a brain indicates the correlation between and within two or more active
regions of the brain [18]. It can also signify the active regions of the brain. FC is intensively
used in neuroimaging to understand the neural interaction inside a brain. It is used to
characterize within and between the regions of a brain. The measurement of changes in
EEG and functional Magnetic Resonance Imaging (fMRI) in patients as well as healthy
subjects are used to investigate brain FC in response to music [19-21]. Earlier, it was
considered that the FC remains static in time, but recent studies have shown that FC is
dynamic [22,23]; i.e., it changes over time. This indicates that it can be influenced by some
outer/external conditions or stimuli.

In this study, music is used as a stimulus to study the functional connectivity (FC) of
the subjects. Brain connectivity architecture can reveal a great deal of information about
the subject’s behavior, mood, attention level, and much more. Computational techniques,
particularly those based on graph theory, have lately played a key role in gaining a better
understanding of brain connection architecture [24]. In this research, the subjects selected
music of their preference called favorite music, which can be from any genre, and another
music was pre-selected by the researcher, called relaxing music. These two pieces of
music were used as a stimulus to study their effect on the brain. We then compared the
significance of relaxing music over favorite music. In addition, the effect of the duration of
music listening over functional connectivity was also studied. A preliminary study using
the same dataset was conducted by Nawaz et al. [25], in which the time-series analysis
using entropy and changes in alpha band power in response to music was analyzed. The
main contribution of the study conducted by Nawaz et al. was to investigate the EEG
dynamics under different music stimuli. A better soothing effect was achieved by using
relaxing music in that study, and it was also observed that listening to relaxing music for a
longer period can cause more significant change. Recently, a convolutional neural network
has been used on the EEG data for the classification of subjects listening to music from
that of subjects without auditory input as well as for differentiating the EEG of subjects
listening to different music [26]. However, the connectivity analysis was still left to explore.
This research explores the effect of listening to favorite and relaxing music by analyzing
the overall change in FC, change in FC within the lobes, and change in FC within different
frequency bands, and towards the end of this paper, a comparison is conducted between
the two studies.
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2. Materials and Methods
2.1. Experiment Design

The experiment was divided into two parts: a study of short duration and a study
of long duration. Everyone has their preferences when it comes to music. In the study
of short duration, the subject listened to his/her favorite music and relaxing music while
EEG signals were recorded. In the study of long duration, the subjects were split up into
Music Listening and Control Group, which did not listen to the music. The Music Listening
Group listened to the relaxing music daily for at least half an hour for two consecutive
weeks. EEG recordings were collected before the start of the experiment, which is referred
to as baseline; then again after one week of the experiment, and again at the end of the
experiment after two weeks.

Before conducting the experiments, the study was approved by the scientific and ethical
review committee of the university under the reference number UTAR/FEGT/EE/2015/H1.
All techniques used in studies involving human subjects complied with the institutional and
national research committee’s ethical requirements as well as the 1964 Helsinki Declaration
and its subsequent modifications or similar ethical standards.

2.2. Music Stimuli

Music preferences are very personalized and culturally diverse. Everyone has his/her
favorites when it comes to music. Music of different genres can vary considerably in
melodic and choral features and rhythmic complexity. Memories and thoughts can be
interlinked with favorite music and can be evoked by listening to that music regardless
of the genre of the music [27]. The response of individuals may differ to the same kind
of music. For example, classical music may help some people to feel calm and relaxed,
while others may feel differently. In this experiment, the subjects were free to choose their
favorite music, and the distribution of the genre of the selected music is shown in Figure 1.

Types of Favorite Music

® Pop

® Classical
Pop-rap

® Rock

® R&B

® Pop-rock

® Electropop

Figure 1. Statistics of selected favorite music genre.

The second music utilized in this study was specially designed calming music with
binaural beats (alpha brainwave range, 8-13 Hz), which can induce a state of relaxation in
individuals (https://www.youtube.com/watch?v=03DN380MhXk, accessed on 25 June
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2015); hence, we call this relaxing music. Listening to music with binaural beats can cause
many regions of the brain to function in unison, allowing the individual to attain a state of
calm [1]. When compared to their favorite music, listening to relaxing music had a more
calming effect on the subjects [4], reduced mental fatigue [28], and improved working
memory and cortical connectivity [29]. Hence, in the study of long duration, only relaxing
music was used as a stimulus.

2.3. Participants

To obtain the required EEG dataset, volunteer participants were selected from the
Faculty of Engineering and Green Technology, Universiti Tunku Abdul Rehman. The
cortical response of musician and non-musician subjects is different [30]; hence, all the
participants selected for this study were non-musicians. After explaining all the experimen-
tal procedures, all the participants submitted a written signed consent. For the study of
short duration, there was a total of 32 participants, from which five subjects were omitted
due to inconsistency and artifacts in the recorded EEG data. Out of these 32 participants,
there were 27 males and five females. The participants’ mean age was 24.1 & 7.63 years.
Similarly, for the study of long duration, there was a total of 10 participants from which
one subject was excluded due to inconsistency and artifacts in the recorded EEG data. Out
of these 10 participants, there were eight males and two females. The participants’ mean
age in the Control Group was 34.6 + 17.05 years, and for the Music Listening Group, the
mean age was 33.3 & 14.47 years.

2.4. EEG Recordings

EEG was recorded in a silent room. Emotiv EPOC headset was used to record the
EEG signals as shown in Figure 2a). The headset has 14 active and two reference elec-
trodes. These electrodes were placed on the scalp of the subject following the international
10-20 system. The sensor electrodes are positioned at AF3, AF4, F3, F4, F7, F8, FC5, FC6,
P7, P8, T7, T8, O1, O2, P3 (CMS), and P4 (DRL) positions as illustrated in Figure 2b. Here,
P3 and P4 are the reference electrodes. A 128-Hz sampling rate was used to acquire the
EEG data. Although the headset has a slightly lower signal-to-noise ratio [31], the EEG
recordings are comparable to the high-end EEG acquisition tools and hence can be used for
the research [32]. The reason behind the use of the Emotiv EPOC headset is its easy setup
and affordable price. In the future, we intend to create an easy-to-use setup that may be
used by the public to monitor and enhance their mental health, in which case, this headset
was the most convenient option available.

A’ j "‘/
% ,Jlﬁ‘fjez'

(a) (b)

Figure 2. (a) Emotiv Epoc headset; (b) position of EEG electrodes on the human scalp.

In the study of the short duration, the baseline EEG signals of the subjects were
recorded for 3 min before listening to the music. After a 5-min break, the subject listened to
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his/her favorite music while another 3-min round of EEG signals was recorded. Again,
after a 5-min break, the subject listened to relaxing music while another 3-min round of
EEG signals was recorded. Figure 3 shows the flow diagram of the study of short- and
long-duration studies.

Recruit participants

Fill out consent form

— —

> Fill out survey form <« Fill out survey form

On 8th day

\ 4

Collect EEG data for 3 Collect EEG data for 5
minutes minutes

¥

Measure blood Measure blood pressure
pressure and pulse and pulse

Y

No Start training by
listening to the
selected music

5 Minutes break

complete 2 training

sessions for at-least 30

minutes daily

) v for 7 days
First Second
PI Pl Yes
ay, Listening to ay
Favorite <« R > relaxing
music music complete survey form

. 4

Complete survey form

—

Analyze EEG and Physiological data

Figure 3. Flow chart of short-duration (blue) and long-duration (green) experiments.

In the study of the long duration of the effect of music for EEG-FC, the baseline EEG
signals of the subjects in the Control and Music Listening Groups were recorded for five
minutes before listening to music. The subjects in the Music Listening Group then listened
to the selected music for at least half an hour for seven consecutive days. On the eighth day,
the EEG signals of the subjects in the Control and Music Listening Groups were recorded
for five minutes. Again, the subjects in the Music Listening Group listened to the selected
music for a minimum of half an hour for another seven consecutive days, and on the
fifteenth day, EEG of Control and Music Listening Groups were recorded. Figure 3 shows
the flow diagram of the study of long duration.
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2.5. Preprocessing

The raw EEG signals recoded using the Emotiv EPOC headset were required to be
cleaned. The artifacts can be present in the data due to muscle movement, eye blinks, and
eye movements. These artifacts can be filtered out by adopting multiple methods. The
electrical noise created by facial muscle movement is called an electromyogram (EMG),
whereas the electrical noise induced by eye activities is called an electrooculogram (EOG).
Many advanced approaches for removing artifacts have been published in the literature.
For real-time automated EEG processing using Fast Independent Component Analysis
(ICA), a 4D Coordinate Rotation Digital Computer (CORDIC) can be employed [33]. To
remove eye blink and muscle artifacts, the wavelet transform-based denoising method
was also used [34]. ADJUST is a completely automated algorithm that can be used as a
plugin in the EEGLAB toolbox. It is used to determine artifact independent components. It
uses artifact-specific spatial and temporal features that can capture general discontinuities,
blinks, and eye activities. Once independent components containing artifacts have been
identified, they may be deleted from the data without altering neural activity [35]. In this
study, a linear bandpass Finite Impulse Response (FIR) filter with a cutoff frequency of 0.5
and 60 Hz was used to eliminate power line noise and other extrinsic artifacts. After the
application of the FIR filter, the data were visualized in EEGLAB for a visual inspection
and removal of artifacts. ICA was used for ocular artifact detection and removal. After
the artifact removal, the clean EEG data were processed for different frequency bands
decomposition, such as alpha, beta, delta, and theta. Digital filters in MATLAB were
applied to extract these frequency bands. The digital filter designed for this purpose is an
elliptic filter of 8th order with 0.1-dB ripples in the passband and 70-dB attenuation in the
stopband operating with a 128-Hz sampling rate. The sampling rate of EEG data is also
128 Hz [25].

2.6. Functional Connectivity Analysis

Brain connectivity analysis is the study of how units within the nervous system
are connected. This may refer to a pattern of FC of causal interactions between distinct
individual neurons, neuronal populations, or brain regions [36]. FC refers to the statistical
dependencies between spatially detached neuronal events. It reveals the relation amongst
similar patterns of activation in various brain regions [37]. FC of the brain can be analyzed
using non-invasive ways, such as EEG using sensor space, as well as in the source space.
In this study, signals were recorded from EEG electrodes, which indicate the interaction
between and within the neurons at the position of the electrodes.

There are several ways to analyze brain connectivity, including power-based and
phase-based connectivity. In power-based connectivity analysis, the correlation between
time-frequency power is calculated between two electrodes. These correlations can be
computed between activity in the same or different frequencies and at the same or different
time points. In phase-based connectivity analysis, the distribution of phase angle difference
between the two electrode signals is calculated. The phases of the two signals synchronize
when neural populations of the two electrodes are functionally coupled. Phase-based
connectivity measures are non-linear.

In this study, ISPC was used to analyze the FC of the brain. It reflects the degree to
which the phase angle differences between a given pair of electrodes are clustered in polar
space. ISPC was chosen because it provides a relatively high degree of temporal precision
as compared to other similar methods as well as its ability to provide relatively strong
evidence for modulations in connectivity [38]. It takes the average phase angle differences
between the two electrodes over time. The EEG signals recorded from the headset are
time-series signals. To compute the phase angles of time-series signals, Hilbert Transform
was used. Equation (1) summarizes the process of calculating ISPC between two electrodes.

n .
ISPC = ‘i Y l(01-02)t (1)
t=1
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In this equation, 61 and 0, are the phase angles of the signals from electrode 1 and
electrode 2, respectively. t is the time-indices for ISPC over time and individual trials for
ISPC over trails. n indicates the total number of time points.

Another method of analyzing the FC of the brain is using graph theory. It is a math-
ematical framework used to explain networks that can be represented as graphs and
comprise nodes and edges. The brain connections can be represented as graphs using
electrodes as nodes and the edges between the nodes represent the connection between
the corresponding electrodes. The graphs can also be represented as topological maps to
better visualize the connectivity. Topographical maps are roughly segmented into different
brain lobes based on the 10-20 system [39], and the connections between each electrode
can be shown using a straight line. The network connectivity in graph theory can also be
represented in the form of a matrix.

The matrix and the graph contain similar information about nodes and vertices, but
the way of representation is different. Matrices can be useful in visualizing large networks,
while the graph may contain the topological information about the electrodes. A threshold
can be used to eliminate the connections with low strength. The median value of the
connectivity matrix is used as a reference, and a threshold is selected above the median
value so that the only strongest connections in each frequency band can be visualized in
topo-maps. A different threshold is selected for each frequency band so that only the most
prominent connections in each band can be visualized. If the same threshold is chosen for
each frequency band, the resultant topo-maps will either be empty, or all the connections
will be seen in some frequency bands. For example, we had chosen a threshold of 25%
above the median for the alpha band, which results in good visualization with strong
connections only, while for the delta band, we had to choose a 0% threshold; otherwise, the
topo-map of delta band would have been empty. Similarly, decreasing the threshold value
of alpha-band would have resulted in an overcrowded topo-map with weak connections
as well.

The connectivity matrix for real EEG data is shown in Figure 4. As the FC is undirected,
the matrix is always mirrored about the diagonal, and the diagonal is always 1. The number
of paired electrodes is calculated using Equation (2):

n(n—1)

: @

Original Connectivity Matrix

10.50

Channels

Channels

Figure 4. Brain Connectivity Matrix.
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Each element of the matrix shows the weight of the links between the electrodes
determined by some measure like coherence. Different graph parameters can be used
instead of coherence, such as network density, node degree, node strength, etc. Network
density is the ratio of the number of edges in the graph to the total number of possible
edges. Network density can be calculated by using Equation (3), where L is the number of
links, and N is the total number of nodes.

L
ND(%) = ————= x 100% 3
The number of connections to a given node is known as node degree. It is a straight-
forward approach to find the network hub. Equation (4) was used to calculate the node
degree, where k; is the degree of node i, a(i,j) is the node status between nodes i and j, and
N is set of all nodes in the network.

ki = ZJ.EN a(i, ) 4)

In this study, graph theory was used indicating nodes as electrodes of the headset,
and the edges were calculated by using the connectivity matrix generated by using ISPC.
The grand-average method was then applied to the connectivity matrices of each group to
achieve a general effect of the population. To better understand the effect of music listening
on the human brain, the analysis of FC can be decomposed into different frequency bands.
These frequency bands can reflect different aspects of human brain activities [40]. In this
study, we used delta (0.1-4 Hz), theta (4-8 Hz), alpha (8-13 Hz), and beta (13-30 Hz)
frequency bands. To further analyze the results, network density and node degrees were
computed. The statistical tests, such as ANOVA and t-test, were used at the end to verify
the significance of the results generated earlier.

3. Results and Discussion
3.1. Study of Short Duration

In this experiment, the subjects were required to listen to favorite and relaxing music.
The FC of the brain in each frequency band can be observed from network density and node
strength. Listening to different types of music affects the brain’s functional connectivity.
Depending upon the type and genre of the music, the functional connectivity of the
listener can change. The strength of some connections can either increase or decrease in
different frequency bands, which in turn cause the network density to either increase or
decrease. After the raw EEG signals were processed and filtered, the network density at all
three stages (baseline, after listening to favorite music, and after listening to relaxing music)
was calculated for each frequency band using the connectivity matrices. The thresholds
used to display the connections between different frequency bands are different depending
upon the IPSC values. Although the connections seem great in the delta band, the threshold
used is 0.0% above the median value, while in the case of the alpha band, it is 25% above
the median value. This means that the change in the alpha band is much higher than that
of the delta band. Similarly, the threshold for the theta band is 8%, and for the beta band,
the threshold is 11% above the median value. For the average connectivity matrix, the
threshold used is 0.25% above the median value. The color code shows the strength of
the connection between nodes, with blue being the weakest and red being the strongest
connection in each frequency band. The strength of the connection is also reflected by the
thickness of the connection on each topo-map. The color code for the connectivity matrix
can be seen in Figure 4.

Table 1 shows the original grand averaged connectivity matrix and grand-averaged
weighted connectivity topo-maps after the application of the threshold for delta, theta,
alpha, and beta bands and general FC, respectively. In the topo-maps, the color of the con-
nections and the size of each node indicate the strength of the edges and nodes, respectively.
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The change in the number of connections and the connection strength can be seen in each
figure. These findings suggest that music influences the brain’s FC.

Table 1. Topo-maps and Connectivity matrix for short-duration study.

Baseline Favorite Music Relaxing Music

Delta (0%)

Theta (8%)

Alpha (25%)

Beta (11%)

Average (25%)

It can be seen from the topo-maps in Tables 1 and 2 that there is no change in network
density and number of connections in the delta frequency band. In the theta frequency
band, the number of connections increased in the case of relaxing music, while in the
case of favorite music, the number of connections decreased. The network density in the
alpha band increased after listening to both kinds of music, while a greater change can
be seen in the case of favorite music. Similarly, the beta band network density increased
after listening to favorite music but decreased after listening to relaxing music. The grand
averaged connectivity over the complete frequency range shows that the network density
and number of connections increased after listening to both favorite and relaxing music.
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Table 2. A network analysis of the short-duration study.

Study of Short Duration
Delta Theta Alpha Beta Average
oo No. of No. of No. of No. of No. of
Analysis 0. O . 0. 0 . 0. O . 0. O . 0. O .

y Edges Density Edges Density Edges Density Edges Density Edges Density
Baseline 52 0.5714 39 0.4286 8 0.0879 13 0.1428 14 0.1538
Favorite 52 0.5714 37 0.4066 16 0.1758 14 0.1538 20 0.2197
Relaxing 52 0.5714 42 0.4615 11 0.1208 12 0.1318 21 0.2307

To analyze the significance of the results obtained above, t-test and ANOVA were
carried out. The results of the t-test and ANOVA are shown in Table 3. The edge strength
is used to evaluate the test. The p-value of 0.05 is used as a significance level. This means
that if the p > 0.05, the null hypothesis is true; otherwise, it is false. From the statistical
tests, a significant change in edge strength can be seen in alpha, beta, and theta bands
after listening to both types of music. In the case of the grand average and delta band, the
change is not significant.

Table 3. Statistical tests of short duration study.
Study of Short Duration
Delta Theta Alpha Beta Average
Edge Strength
t-Test ANOVA t-Test ANOVA t-Test ANOVA t-Test ANOVA t-Test ANOVA

Ba;zggreifend 22X 1076 021504 374 x 1077 3.26 X 10~  0.00055 0.00408 9.64 X 108 240 x 1075 0.0919  0.2516
Faﬁ?ﬁi‘ffgd 0.00079  0.61398  0.00011 020950  0.00033 070615  0.00767 0.01778 02173  1.4685
Baseline and 0.00043 043321 011064 171 x 1075 025478 0.002245  0.00054 0.03554  0.0620  1.4296

Relaxing

Note: Bold values refer to significant cases.

To further analyze the changes associated with listening to music, the network strength
of each lobe was calculated separately, and statistical tests were applied to them to get the
significance of the change. t-test and ANOVA were carried out and the results are shown
in Table 4. The p-value of 0.05 is used as a significance level. The results of the statistical
tests indicate a significant change in the frontal lobe in all frequency bands after listening
to both types of music. In the beta frequency band, a significant change can be seen in
the parietal lobe after listening to favorite and relaxing music, while a significant change
in edge strength can also be seen in the beta band in the occipital lobe after listening to
favorite music.

3.2. Study of Long Duration

The individuals in the Music Listening Group were directed to listen to relaxing music
for at least 30 min for two weeks in the long-duration study. After one and two weeks, the
EEG data were recorded. The recorded EEG signals were then processed and cleaned, and
the connectivity matrices were generated using ISPC. The difference in brain FC amongst
the Control and Music Listening Groups can reveal the impact of music on the brain. The
threshold was selected in the same way as for the short-term study.

Table 5 shows the original grand-averaged connectivity matrix and grand-averaged
weighted connectivity topo-maps after the application of threshold for delta, theta, alpha,
and beta bands and full-frequency-range FC, respectively, for the Control Group and the
Music Listening Group. In the topo-maps, the color of the connections and the size of each
node indicate the strength of the edges and nodes, respectively. The color code for the
connectivity matrix can be seen in Figure 4.
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Table 4. Lobe-wise statistical analysis.

Baseline vs. Favorite Baseline vs. Relaxing Favorite vs. Relaxing
Statistical Analysis

t-Test ANOVA t-Test ANOVA t-Test ANOVA

Frontal 3.55 X 10~° 0.3064 0.0001 0.7830 0.0019 0.4411

Temporal 0.0277 0.0561 0.2359 0.2022 0.0549 0.5805

Delta Parietal 0.0602 0.3742 0.0675 0.3011 0.0614 0.8172

Occipital 0.2821 0.8949 0.3499 0.9261 0.4101 0.8211

Frontal 3.37 x 1075 0.0010 0.0015 0.3318 0.1687 0.0002

Temporal 0.0916 0.0504 0.0727 0.1006 0.0155 0.0302

Theta Parietal 0.0610 0.1065 0.2047 0.0897 0.1299 0.2553

Occipital 0.0634 0.1236 0.1430 0.1165 0.0066 0.4240

Frontal 0.0125 0.0815 0.0061 0.9894 0.4912 0.0274

Alpha Temporal 0.2520 0.4694 0.3942 0.8494 0.4512 0.7478

Parietal 0.1150 0.1047 0.1399 0.5469 0.0591 0.1464

Occipital 0.1275 0.2214 0.0864 0.7753 0.2431 0.1700

Frontal 0.0002 0.0021 0.0316 0.1582 0.0106 0.0609

Temporal 0.1083 0.0914 0.1408 0.0568 0.0903 0.4413

Beta Parietal 0.0279 0.0159 0.0440 03672 0.1991 01033

Occipital 0.0047 0.0984 0.4492 0.1663 0.1800 0.8487

Note: Bold values refer to significant cases.

Table 6 shows the network density and number of connections for each group and
each frequency band. Here, there is no change in network density of the delta band,
but in the music listening group, after week 2, the edge strength is decreased. In the
theta frequency band, an increase in network density was recorded, while a decrease
in the number of connections can be seen in the control group. Similarly, in the alpha
frequency band, a decrease in network density was recorded for the control group,
while an increase in network density can be seen in the music listening group after
two weeks. In the beta frequency band, a decrease in the number of connections in
both the control and music listening group was recorded. The grand average of the full
range of frequency shows an increase in network density after two weeks of listening
to relaxing music, while in the control group, the number of connections decreased for
the first week and then increased.

To analyze the significance of the results obtained above, t-test and ANOVA were
carried out. The results of the t-test for each band are shown in Table 7. The edge
strength is used to evaluate the test. The p-value of 0.05 is used as a significance level.
The results indicate a significant change in edge strength of delta frequency band in
Music Listening Group after one week. In the beta frequency band, after one and
two weeks, a significant change in edge strength can be seen in the Music Listening
Group. In alpha and theta frequency bands, a significant change in node strength can
be seen in both groups after two weeks. The statistical analysis of the grand average of
the full range of frequency bands also shows a significant change in edge strength in
the Music Listening Group after two weeks.
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Table 5. Topo-maps and Connectivity matrix for long-duration study.

Control Group Baseline Control Group Week 1 Control Group Week 2

Delta (0%)

Theta (8%)

Control Group Week 1

o

Music Listening Group Week 1

Alpha (25%)
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Table 5. Cont.

Control Group Baseline Control Group Week 1 Control Group Week 2

Beta (11%)

Average (25%)

To further analyze the changes associated with listening to music, the network strength
of each lobe was calculated separately, and statistical tests were applied to them to get the
significance of the change. t-test and ANOVA were carried out, and the results are shown
in Tables 8 and 9. The p-value of 0.05 is used as a significance level. The results of the
statistical tests indicate a significant change in the frontal lobe in alpha, beta, and delta
frequency bands after two weeks in the Music Listening Group. Similarly, a significant
change in edge strength can be seen in the parietal lobe within the delta and theta frequency
band of the Music Listening Group after two weeks. After two weeks, the temporal lobe
also shows a significant change in edge strength within the Music Listening Group and as
well as in the control group.
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Table 6. A network analysis of the long-duration study.

Study of Long Duration
Control Group Music Listening Group
Network Analysis
No. of Edges Density No. of Edges Density
Baseline 45 0.4945 45 0.4945
SE Week 1 45 0.4945 45 0.4945
Week 2 52 0.5714 45 0.4945
Baseline 33 0.3626 28 0.3076
E Week 1 7 0.0769 33 0.3626
Week 2 18 0.1978 30 0.3296
o Baseline 18 0.1978 15 0.1648
fsm Week 1 5 0.0549 5 0.0549
< Week 2 16 0.1758 19 0.2087
Baseline 35 0.3846 32 0.3516
§ Week 1 20 0.2197 26 0.2857
Week 2 6 0.0659 25 0.2747
o Baseline 10 0.1098 5 0.0549
%D Week 1 8 0.0879 14 0.1538
Z Week 2 14 0.1538 18 0.1978
Table 7. Statistical analysis of the long-duration study.
Study of Long Duration
Control Group Music Listening Group
Network Analysis t-Test ANOVA t-Test ANOVA
Baseline and Week 1 0.2697 0.5357 0.0005 0.0676
?:j Baseline and Week 2 0.0584 0.1045 0.0885 0.6606
Week 1 and Week 2 0.0202 0.0173 1.25 x 10~7 0.0577
3 Baseline and Week 1 8.58 x 10~° 0.0821 3.76 X 10~° 0.0557
E Baseline and Week 2 0.0018 0.0448 2,65 X 107° 0.0437
a Week 1 and Week 2 0.3737 0.8637 0.1212 0.863
o Baseline and Week 1 0.3520 0.7204 0.2931 0.5228
i Baseline and Week 2 0.0187 0.0285 0.0039 0.0009
< Week 1 and Week 2 0.0113 0.0237 0.0094 0.0253
Baseline and Week 1 0.2039 0.8536 0.0003 0.0299
§ Baseline and Week 2 0.1400 0.2229 217 x 107° 0.0693
Week 1 and Week 2 0.3288 0.6968 0.2390 0.8408
o Baseline and Week 1 0.2545 0.0688 0.0091 0.0260
%D Baseline and Week 2 0.1210 0.1755 512 x 107° 0.0015
Z Week 1 and Week 2 0.0392 0.0624 0.1676 0.1776

Note: Bold values refer to significant cases.
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Table 8. t-test—Lobe-wise analysis of the long-duration study.

t-Tests Control Group Music Listening Group
(Edge Strength) Baseline vs. Baseline vs. Week 1 vs. Baseline vs. Baseline vs. Week 1 vs.
Alpha Week 1 Week 2 Week 2 Week 1 Week 2 Week 2
Frontal 0.3592 0.1983 0.1182 1.82 x 10~° 0.1488 3.107 x 108
8 Temporal 0.1544 0.2511 0.3392 0.0026 0.0199 0.0010
a Parietal 0.2800 0.3049 0.0037 0.0413 0.0505 0.0382
Occipital 0.4063 0.2287 0.2735 0.0664 0.1208 0.0026
Frontal 0.0012 0.0832 0.3626 0.0023 0.0086 0.3466
g Temporal 0.0953 0.0144 0.3321 0.0290 0.0209 0.3180
ﬁ Parietal 0.0205 0.0684 0.1967 0.0221 0.0122 0.0476
Occipital 0.0602 0.1710 0.4956 0.0931 0.0851 0.0220
Frontal 0.2801 0.0897 0.0231 0.4189 0.0264 0.0038
% Temporal 0.2424 0.0608 0.1249 0.4707 0.2075 0.0683
< Parietal 0.1290 0.1148 0.1059 0.0236 0.1272 0.0919
Occipital 0.4824 0.3150 0.2336 0.2577 0.4022 0.1196
Frontal 0.2251 0.1576 0.3470 0.0005 9.309 X 10> 0.2271
g Temporal 0.4793 0.1788 0.1428 0.0004 0.0205 0.0973
& Parietal 0.4877 0.4596 0.3291 0.3616 0.4034 0.3150
Occipital 0.2043 0.4631 0.3252 0.0653 0.0611 0.0301
Note: Bold values refer to significant cases.
Table 9. ANOVA—Lobe-wise analysis of the long-duration study.
ANOVA Control Group Music Listening Group
(Edge Strength) Baseline vs. Baseline vs. Week 1 vs. Baseline vs. Baseline vs. Week 1 vs.
Alpha Week 1 Week 2 Week 2 Week 1 Week 2 Week 2
Frontal 0.6876 0.3641 0.1592 1.05 x 10713 0.7182 9.85 x 10712
8 Temporal 0.8465 0.4265 0.6366 0.0001 0.0087 0.0002
a Parietal 0.4879 0.5416 0.0007 0.0527 0.9216 0.0475
Occipital 0.7568 0.5215 0.4590 0.3407 0.5709 0.5470
Frontal 0.4007 0.3746 0.8466 0.2915 0.2837 0.9529
ag Temporal 0.1497 0.0471 0.7591 0.3483 0.2578 0.9042
= Parietal 0.1270 0.0516 0.3317 0.0033 0.0024 0.0112
Occipital 0.0667 0.1427 0.9885 0.1595 0.1293 0.5397
Frontal 0.5959 0.1746 0.0852 0.7954 0.0146 0.0332
% Temporal 0.3479 0.1276 0.0891 0.9083 0.2254 0.1755
< Parietal 0.1690 0.0645 0.0894 0.5946 0.1263 0.0683
Occipital 0.9530 0.6843 0.2577 0.3243 0.7596 0.1850
Frontal 0.4057 0.2461 0.7175 0.0353 0.0981 0.8057
% Temporal 0.9369 0.2717 0.1539 0.1645 0.0914 0.5886
= Parietal 0.9643 0.8756 0.8600 0.6064 0.7014 0.7400
Occipital 0.2742 0.9240 0.4922 0.0792 0.0616 0.3194

Note: Bold values refer to significant cases.
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In the study of the long-duration effect of music over the human brain, the strength of a
few connections in the frontal lobe increased significantly (FC5-F7, FC6-F8, and F3-F4). The
increase in the strength of these connections was recorded not only in the complete spectrum
but also in the alpha, beta, and theta bands. Similarly, an additional connection between P8
and T8 was also observed. As shown in Table 10, the above-mentioned connections can
be seen as the strongest connections. The additional connections in the frontal lobe may
result in enhancement in problem-solving, judgment, planning, and attention, while the
connectivity in temporal regions may indicate memory enhancement [41,42].

Table 10. Brain connections in Music Listening Group after two weeks (threshold: 15% above
median value).

Subjects Activated Strongest
1 F3,P7,01,02, P8, T8, FC6, F4 AF4 P8, 02, FC6, AF4
% 2 AF3, F3, FC5,T7, P7, 01, O2, P8, T8, FC6, F4, AF4 01, 02, AF3, FC5
% 3 Nil Nil
;g 4 F3, FC5 F3, FC5, T7
5 AF3, F3, FC5, T7, P7, 01, O2, P8, T8, FC6, F4, F8, AF4 F3, F4, AF3, P7
1 F7, F3, FC5, P7, 01, O2, P8, T8, FC6, F4, F8, AF4 FCe, F8, F7, FC5
— 2 AF3, F7, F3, FC5, T7, T8, F4, F8, AF4 F4, AF4, F8
é 3 AF3, F7, F3, FC5,T7,P7, 01, 02, P8, T8, FC6, F4, F8, AF4 F3, F4, AF4
= 4 AF3, F7, F3, FC5, T7, FC6, F4, F8, AF4 F7, FC5, F4, AF4
5 F7,FC5,T7, FC6, F4, F8, AF4 F7, FC5, FCo, F8
1 AF3, F7, F3, FC5, T7, P8, T8, FC6, F4, F8, AF4 FCo, F8, F4, AF4
~ 2 F7, F3, FC5, FC6, F8 F7, FC5, FC6, F8
é 3 F7,F3,FC5,T7,P7,01, 02, P8, T8, FC6, F4, F8, AF4 F7, FC5, FCo, F8
= 4 AF3, F7,F3, FC5,T7,P7, 01, 02, P8, T8, FC6, F4, F8, AF4 F7, FC5, FC6, F8
5 AF3, F7, F3, FC5, T7, P8, T8, FC6, F4, F8, AF4 FCé, F8, F4, AF4

In this research, the effect of music on the human brain was explored. To further
understand the effect, the response of the subject while listening to music was analyzed
in different frequency bands, i.e., delta, theta, alpha, and beta, as well as in different brain
lobes, i.e., frontal, parietal, temporal, and occipital lobes. In the short-duration study of
the effect of music listening on the human brain, it was concluded that both favorite and
relaxing music can induce change in FC of the brain. However, the change induced by
the relaxing music is more significant than the change caused by favorite music. The
above-mentioned results show that listening to favorite music can significantly increase
alpha and beta FC and decrease theta FC. A significant change in frontal lobe connectivity
in alpha, beta, and theta bands was also seen after listening to favorite music. The increase
in alpha FC indicates a relaxation state and increases the ability to perform a prolonged
mental effort [43], while the increase in beta FC indicates the increase in the concentration
and motor learning performance of the human subject [44]. On the other hand, listening
to relaxing music significantly increases the FC in the frontal lobe within the alpha and
theta band while decreasing the FC in the frontal, parietal, and occipital lobes within the
beta frequency band. This increase in alpha and decrease in beta FC indicates the induction
of a relaxing state in the subject [45]. Long-duration study of the effect of music listening
on the human brain significantly increases the FC in the frontal and parietal lobe within
the alpha and theta band while decreasing the FC in frontal, temporal, and occipital lobes
within the beta frequency band. This increase in alpha and decrease in beta FC indicates
the induction of a relaxed state in the subject [45]. In the Control Group, this change in FC
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was not significant. These results are also in accordance with the experiment conducted by
Nawaz et al. [25], in which alpha power analysis was used to study the effects of music on
the human brain. In the study of the long-duration effect of music on the human brain, a
significant change in delta, alpha, and beta frequency bands was observed. The increase in
FC in the delta band indicates improvement in attention, homeostatic, and motivational
processes [46]. The increase in alpha FC indicates a relaxation state and increases the ability
to perform a prolonged mental effort [43]. The results of the study conducted by Nawaz
et al. also support our findings, which indicate that the said results are the effect of the
listening of music rather than any flaw in the evaluation process or noise.

4. Conclusions

The purpose of this study was to evaluate the short- and long-duration effects of music
on the human brain’s FC. In the study of short duration, the research findings showed
that listening to music even for a short period can significantly change the FC on the brain.
The research showed that listening to either favorite or relaxing music can help induce
relaxation; however, the effect is more significant in the case of listening to relaxing music.
The significance of our findings is also supported by t-test and ANOVA. On the other hand,
the study of the long duration of brain FC over music, network density, and the number
of brain connections significantly changed in the Music Listening Group not only for the
general connectivity but also in individual frequency bands, such as delta, alpha, and beta
bands. This change indicates the improvement in relaxation, attention, mental effort, and
awareness of the human subject. On the other hand, the Control Group did not show any
significant change in FC any of the frequency bands. The statistical t-test and ANOVA also
verify the hypothesis. The comparison of the two studies has also shown that the effect of
listening to relaxing music is more significant for a longer duration.

5. Future Work

In this study, the short-duration and long-duration impact of music on the human
brain was studied. In addition, it was found that different genres of music have a different
impact on the human brain, e.g., listening to slow music can be used for relaxation while
listening to some other music can induce thoughts and memories. Therefore, similar studies
should be carried out for different genres of music. This study was carried out on a very
small group of participants. To obtain more diverse results, the number of subjects in each
group can be increased, and a new experiment can be carried out using that dataset.
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