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INTRODUCTION

Music plays many important emotional and social roles in a person’s 
life by arousing emotions and changing an individual's mood 
[1-5]. It can reduce anxiety, tension, stress, and blood pressure, 
alleviate depression, and pain [6-10]. Listening to music can help 
with memory recall, brain relaxation, and improvement in the 
learning process as well as memory performance [3-6]. Researchers 
found music to be an effective treatment for improving the mental 
balance of patients who suffer from disorders such as depression 
and dementia [11-14].

Investigation of EEG data shows more alpha waves during 
relaxation, listening to familiar or preferred music [15]. When 
individuals listen to their favorite music they want to be relaxed so 
they pay less attention to the content which produces more alpha 
waves [15]. Reversely, when they listen to an unpreferred music 
they pay more attention to the song because they are unfamiliar 
with, resulting in more beta waves [15]. In one study, rock and 
jazz music with three tempos (slowed, medium, and quickened) 
were played for individuals. The main aim was indicated whether 
listening to a favorite genre can increase alpha wave amplitudes. 
Changes the tempo showed no change in alpha waves while beta 
waves amplitude increased as the tempo increased [15]. In another 
study, the attention level of individuals while listening to music 
with different tempos (slow and fast) was measured [4]. The results 
revealed that listening to slow music significantly changes the alpha 
waves, while listening to fast music, such as Heavy Metal concerts, 

changes the power value of the beta waves [4]. Some studies 
reported that listening to classical music can make the brain relaxed 
and may change arousal and valence levels, which are indicative of 
their happiness level and excitants, respectively [5]. The outcome 
of a study indicated that the arousal score of emotion may have 
a negative relationship with the alpha wave [5]. Another study 
examined the impact of medication and music listening on brain 
waves [15]. It was noted that listening to meditation music had a 
calmer effect than listening to other types of music. In one study, 
background music was played for individuals with low and high 
levels of stress [16]. The outcome showed that listening to music 
increased the energy of alpha waves for participants with low levels 
of stress while the energy of alpha waves decreased for individuals 
with higher levels of stress. The results indicate that background 
music is relaxing only for people with lower levels of stress [16].

In this pilot study, we are exploring individuals’ brain responses to 
listening to nursery rhymes. The main objective of this pilot study 
is to help patients with dementia to make them relax. Therefore, 
we asked several families of people with dementia and musicians 
about which kinds of music produced calming effects on their 
family members with dementia. Nursery rhymes were beneficial 
with recalling memories and helping patients to be relaxed. 
Additionally, caregivers were looking for alternate solutions to live 
musicians. Hence, the research team decided to focus on playing 
nursery rhymes by a musician, a robot, or a boom box. The main 
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aim of this study is to investigate the following items: 
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i. Compare individuals’ brain activities 

ii. Observe if the impact of music will last after the listening session

iii. Understand if participants’ brain response to music played by a 
musician, a robot, or a boombox is similar 

iv. Understand if listening to nursery rhymes can put the brain in a 
relaxed or disturbed state

MATERIALS AND METHODS

Participants

EEG data from 32 participants (15 participated with a musician 
player, 11 with a robot player, and 6 with a boombox player) were 
recorded. Participants consisting of healthy faculty, staff, and 
students of the University of Minnesota Duluth (aged 18 to 45) 
from the same cultural background and familiar with nursery 
rhymes. The Institutional Review Board (IRB) of the University of 
Minnesota Duluth approved all procedures, and written consent 
was obtained from each participant.

Materials 

Electroencephalography (EEG) data was acquired by an Emotiv 
EPOC+ headset can record brain data at a sampling rate of 128Hz. 
This headset has 16 channels, 14 electrodes for collecting EEG, 
and two reference electrodes [17]. EPOC+ electrode arrangement 
follows the international 10-20 standard, namely: AF3, F7, F3, 
FC5, T7, P7, O1, O2, P8, T8, FC6, F4, F8, and AF4 positions. 
Captured EEG data can be transferred to the computer through 
EMOTIVPRO software using wireless connectivity and/or 
Bluetooth LE technology [17]. 

EEG signal acquisition

Figure 1 demonstrates the experimental procedure. EEG data was 
captured in three steps: before (baseline), during, and after (post) 
experiment. The participants were asked to sit on a chair in a 
comfortable and relaxed state while their baseline EEG data was 
gathered for one minute. Then, according to the selected modes, 
one of the mechanisms (musician, robot, or boombox) played seven 
nursery rhymes (“Baba Black Sheep,” “Itsy Bitsy Spider,” “Mulberry 
Bush,” “Old MacDonald Had a Farm,” “Ring Around the Rosie,” 
“Twinkle Twinkle Little Star,” and “You Are My Sunshine”) for 
10 minutes while participants’ brain data was recorded (Figure 1).

Participants listened to the nursery rhymes in two different modes, 
actively engaged or passive listening mode. If the mode was passive, 
then the participant was seated on a chair without any movement. 
If the mode was engaged, then participants were allowed to sing 
along or move their body parts. A musician was recruited from the 
Music Department; she played the piano while singing the rhymes. 
The robot chosen for this study was Pepper, a semi-humanoid robot 
manufactured by SoftBank Robotics that can communicate with 
humans by singing the rhymes and moving its body parts. The 
boombox was a transistorized portable music player. After the end 
of the experiment, EEG data of each participant was gathered every 
two minutes for about 14 minutes.

Procedure

Signal pre-processing: As Figure 1 shows, the data pre-processing 
step consists of two tasks: 1) filtering and artifact removal, and 2) 
channel separation.

Filtering and artifact removal: Raw EEG data always contains 
artifacts, which reduce the quality of the signal. These artifacts are 
categorized into two groups: physiological and non-physiological. 
Physiological artifacts occur due to individuals’ eye blinks, eye 
movements, muscle activities, heartbeat, and head or body 
movements. Non-physiological artifacts include noises from the 
environment and malfunction of the EEG device. Performing data 
preprocessing is critical due to the need to eliminate any potential 
data corruption that can occur due to the presence of artifacts. 

We performed artifact removal in two sessions. First, unwanted 
noise like line and lower frequency noises were deleted by applying 
a bandpass filter that allows frequencies in the range of 0.5 to 60 
Hz using Matlab software version 9.5 [18]. Second, the enhanced-
wavelet-ICA (EAWICA), which is a fully automated artifact removal 
toolbox that uses wavelet transform, ICA, entropy, and kurtosis 
concepts to identify and delete artifacts from all of EEG channels, 
was applied to the EEG data. This toolbox removes almost all of 
the artifacts related to eye blinks, muscle activities, electrical shifts, 
and linear trends [19].

Channel separation: Based on previous studies four EEG channels, 
F3, F7, F4, and F8, which are located in the frontal region of the 
left and right sides of the brain, provide information about positive 
and negative emotions [21-23]. Thus, we selected these channels for 
further investigation. 

Signal analysis

Discrete Wavelet Transform (DWT): DWT has been widely applied 
in EEG data processing because EEG data is non-stationary with 
low frequencies and DWT performs better than other frequency 
domain techniques like FFT. We chose the Daubechies wavelet 
(db4) as our mother wavelet function to deconstruct the EEG signal 
into its subbands, which are alpha, beta, theta, and gamma. Each 
brain subband belongs to a related frequency. It was presumed that 
listening to nursery rhymes might relax individuals, meaning that 
lower beta activity and higher alpha activity could be observed. 
Therefore, we chose the decomposition levels that show only beta 
and alpha activities, i.e., D3 (beta waves) and D4 (alpha waves), for 
further investigation.

Feature extraction: In this step, features like energy, entropy, 
average, and standard deviation were calculated from wavelet for 
each level of wavelet coefficient and selected channels. 

Figure 1: Slit lamp biomicroscopy photography. A: Traumatic cataract 
with zonulodialysis >180º. B: Exposed PMMA flange at the temporal. 
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RESULTS

Analysis of selected features

To monitor how participants’ alpha and beta wave activities were 
altered when listening to the nursery rhymes, extracted features 
from the EEG data for baseline, during, and post-experiment for 
each scenario were compared. It was observed that during the time 
that the boom box played the rhymes:

1. For energy, entropy, and standard deviation features, whenever 
the alpha waves were more dominant, the beta waves were weak, 
and vice versa.

2. For mean features, there were no considerable differences 
between alpha and beta wave activities.

3. For the musician and robot player scenarios, the results showed 
that:

4. For energy features, a clear pattern was seen between baseline 
data and the data during the experiment and after the experiment. 
For some participants, more alpha activity occurred and for others 
more beta activity occurred.

5. For entropy and standard deviation, the same trend between 
alpha and beta waves was observed for both baseline and during 
the experiment, and during and post-experiment.

6. For mean features, we detected no considerable differences 
between alpha and beta activity.

Additionally, to compare participants’ brain responses to listening 
to nursery rhymes in each scenario, a Pearson correlation coefficient 
between each pair of participants was calculated and compared. 
The results are summarized in Tables 1-3.

Based on Table 1, for the musician player scenario, there was a 
strong negative correlation between EEG data of participant 1 with 
11 and 13 (r=0.9, p<0.001), participant 2 with 3 (r=0.8, p<0.001), 
participant 5 with 10 (r=0.7, p<0.001), participant 7 with 9 (r=0.9, 
p<0.001), participant 11 with 15 (r=0.9, p<0.001), participant 12 
with 15 (r=0.91, p<0.001), participant 13 with 14 (r=0.9, p<0.001), 
and participant 14 with 15 (r=0.9, p<0.001). Also, there was a 
positive strong correlation between EEG data of participant 7 with 
8 (r=0.7, p>0.05) (Table 1).

Based on Table 2, for the robot player scenario, there was a 
considerable relationship between EEG data of participants 1 
with 6 (r=0.8, p<0.001), and participant 2 with 7 and 11 (r=0.9, 
p<0.001; r=0.7, p<0.05), participant 3 with 4 (r=0.8, p<0.001), and 
participant 6 with 11 (r=0.8, p<0.05) (Table 2).

Based on Table 3, for the boom box player scenario, a negative 
strong correlation was detected for participant 1 with 6 (r=0.88, 
p<0.001), participant 3 with 5 (r=0.83, p<0.001), and participant 
4 with 5 (r=0.85, p<0.001). Also, there was a positive strong 
correlation between EEG data of participant 1 with 3 (r=0.81, 
p>0.05) (Table 3).

In conclusion, it is not possible to generalize the changes in brain 
activity for all participants in each unique scenario because no same 
brain wave activities were detected. While for some participants, 
music made them calm or relaxed, it had a negative effect on other 
participants. Comparison between different scenarios (a musician, 
robot, or boom box player) was made by calculating the Pearson 
correlation coefficient and one-tailed t-test techniques between 
different scenarios and participants in each scenario. The results 
are summarized in Figures 2 and 3 (Table 4). 

MP: Indicated that participants listened to the rhymes played by a musician

 MP1 MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9 MP10 MP11 MP12 MP13 MP14 MP15

MP1 1 0 0.2 0.5 -0.1 -0.1 0 -0.4 0.4 0.1 0.9 0.4 0.9 0.5 -0.7

MP2 0 1 0.8 0.4 0.5 0.5 0 0.6 0 0.4 -0.1 -0.6 0.3 0 -0.2

MP3 0.2 0.8 1 0.3 0.6 0.4 0.1 0.2 -0.2 0 0.2 -0.2 0.5 0 -0.6

MP4 0.5 0.4 0.3 1 -0.1 -0.4 0.4 0.3 0 0.3 0 -0.6 0.2 0.1 0

MP5 -0.1 0.5 0.6 -0.1 1 0.6 0.5 0.4 0.6 0.7 -0.2 0.1 0.2 -0.6 -0.4

MP6 -0.1 0.5 0.4 -0.4 0.6 1 -0.1 -0.1 0.2 -0.1 0.1 0 0.2 0.6 -0.2

MP7 0 0 0.1 0.4 0.5 -0.1 1 0.7 0.9 0.6 -0.9 -0.2 -0.2 -0.8 0

MP8 -0.4 0.6 0.2 0.3 0.4 -0.1 0.7 1 -0.2 0.7 -0.7 -0.6 -0.3 -0.7 0.4

MP9 0.4 0 -0.2 0 0.6 0.2 0.9 -0.2 1 0.6 0.5 0.4 0.6 0.7 -0.2

MP10 0.1 0.4 0 0.3 0.7 -0.1 0.6 0.7 0.6 1 -0.1 -0.1 0.2 -0.1 0.1

MP11 0.9 -0.1 0.2 0 -0.2 0.1 -0.9 -0.7 0.5 -0.1 1 1 1 0.6 0.9

MP12 0.4 -0.6 -0.2 -0.6 0.1 0 -0.2 -0.6 0.4 -0.1 1 1 1 0.2 0.9

MP13 0.9 0.3 0.5 0.2 0.2 0.2 -0.2 -0.3 0.6 0.2 1 1 1 0.9 -0.9

MP14 0.5 0 0 0.1 -0.6 0.6 -0.8 -0.7 0.7 -0.1 0.6 0.2 1 1 0.9

MP15 -0.7 -0.2 -0.6 0 -0.4 -0.2 0 0.4 -0.2 0.1 1 1 -0.9 1 1

Table 1: Correlation coefficient between participants for musician player.
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Table 2: Correlation coefficient between participants for robot player.

RP: Indicated that participants listened to the rhymes played by a robot

 RP1 RP2 RP3 RP4 RP5 RP6 RP7 RP8 RP9 RP10 RP11

RP1 1 -0.2 -0.5 -0.6 -0.1 0.8 -0.3 -0.6 0.3 -0.7 0.5

RP2 -0.2 1 0.3 0.5 -0.8 0.1 0.9 -0.2 0.4 0.2 0.7

RP3 -0.5 0.3 1 0.8 0.2 -0.5 0.2 -0.3 -0.4 0.3 -0.2

RP4 -0.6 0.5 0.8 1 -0.1 -0.4 0.6 0 -0.5 0.6 -0.2

RP5 -0.1 -0.8 0.2 -0.1 1 -0.3 -0.8 0 -0.7 0.2 -0.7

RP6 0.8 0.1 -0.5 -0.4 -0.3 1 0.1 -0.4 0.2 -0.2 0.8

RP7 -0.3 0.9 0.2 0.6 -0.8 0.1 1 0.2 0.2 0.4 0.6

RP8 -0.6 -0.2 -0.3 0 0 -0.4 0.2 1 -0.1 0.5 -0.3

RP9 0.3 0.4 -0.4 -0.5 -0.7 0.2 0.2 -0.1 1 -0.5 0.6

RP10 -0.7 0.2 0.3 0.6 0.2 -0.2 0.4 0.5 -0.5 1 -0.1

RP11 0.5 0.7 -0.2 -0.2 -0.7 0.8 0.6 -0.3 0.6 -0.1 1

Table 3: Correlation coefficient between participants for boombox player.

MP: Indicated that participants listened to the rhymes played by a boombox

 BP1 BP2 BP3 BP4 BP5 BP6

BP1 1 -0.19 0.81 0.68 0.64 0.88

BP2 -0.19 1 -0.34 -0.1 0.18 -0.23

BP3 0.81 -0.34 1 0.85 0.83 0.64

BP4 0.68 -0.1 0.85 1 0.85 0.51

BP5 0.64 0.18 0.83 0.85 1 0.53

BP6 0.88 -0.23 0.64 0.51 0.53 1

Table 4: T-test results (one-tailed, alpha value=0.05).

Waves Stage of experiment Boombox-robot Boombox-musician Robot-musician

Beta

Baseline t(15)=0.72, p=0.23 t(19)=-1.58, p=0.06 t(24)=-1.31, p=0.09

Experiment t(15)=0.31, p=0.37 t(19)=-1.28, p=0.11 t(24)=-1.32, p=0.09

Post-Experiment t(15)=1.85, p=0.04 t(19)=1.56, p=0.06 t(24)=-1.18, p=0.12

Alpha 

Baseline t(15)=1.35, p=0.10 t(19)=1.80, p=0.04 t(24)=-1.18, p=0.12

Experiment t(15)=1.49, p=0.07 t(19)=1.58, p=0.06 t(24)=-0.89, p=0.18

Post-Experiment t(15)=-1.71, p=0.05 t(19)=-2.46, p=0.01 t(24)=-1.53, p=0.06

Average of Alpha and beta 

Baseline t(15)=1.17, p=0.13 t(19)=1.68, p=0.05 t(24)=-1.08, p=0.15

Experiment t(15)=1.34, p=0.10 t(19)=1.24, p=0.11 t(24)=-1.21, p=0.12

Post-Experiment t(15)=-1.25, p=0.11 t(19)=-2.30, p=0.02 t(24)=-1.65, p=0.06

Figure 2: Average pearson correlation coefficient of brain activity for each pair of 
scenarios.
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Figure 2 shows the plot of Pearson correlation coefficients between 
each pair of scenarios. It was noticed that there is no correlation 
between listening to rhymes using a boombox or a robot player 
during and post-experiment. Also, there is no correlation between 
listening to rhymes when played by a boombox or a musician before 
and post-experiment. The correlation coefficient between musician 
and robot player shows a significant relationship between these 
scenarios. Therefore, listening to live nursery rhymes, played by a 
robot or a musician, may not have the same impact on the brain as 
being exposed to a boombox player (Figure 2).

Figure 3 presents a comparison between the average value of alpha 
and beta waves for all participants in each scenario (Figure 3). This 
figure shows that:

a) For the average value of alpha waves, the data indicates that for 
the musician player scenario, the baseline data was higher than both 
the boombox and the robot player’s data. Also for the musician 
scenario, a significant drop in the average value of alpha waves was 
seen during and after the exposure to the rhymes. The average value 
of alpha waves showed a small fluctuation for participants in the 
boombox player scenario during the experiment, while it increased 
after the experiment. There was a reverse trend for the average value 
of alpha waves for the robot player scenario; it increased during the 
experiment and decreased after the experiment.

b) For the average value of beta waves, the data did not show any 

significant differences between the different scenarios at baseline. 

c) A declining trend during and after the exposure to the nursery 
rhymes played by the boombox was seen. The average value of beta 
waves also dropped for participants in the musician player scenario 
during the experiment, while it increased after the experiment. For 
the robot player scenario, an increase in the average value of beta 
waves was noticed during the experiment whereas there were no 
changes after the experiment.

The results of hypothesis testing using the one-tailed t-test technique 
indicate the value of p<.05 for both alpha and beta waves for data 
after the experiment between the boombox and the robot players, 
which means that there is a significant difference between these 
modes. Additionally, the value of p<.05 for both alpha and the 
average value of alpha and beta waves was observed for baseline and 
after experiment data between a boombox and musician players, 
which means that there is a difference between these modes. 
The hypothesis testing shows no significant differences between 
the musician and the robot player. Based on Table 5, the average 
value of beta and alpha waves for all participants in the different 
scenarios showed a negative correlation between alpha and beta 
activities. Whenever alpha increases beta decreases and vice versa. 
Additionally, after the experiment, participants in both the robot 
and musician player scenarios were more relaxed than participants 
in the boombox scenario.

Figure 3: Comparison between average alpha and beta activity for all participants during various scenarios.

Scenario Results

Boombox player

Baseline alpha<baseline beta

During experiment alpha<During experiment beta

After experiment alpha>After experiment beta

Post-experiment observation: Increase in alpha and decrease in beta

Musician player

Baseline alpha>Baseline beta

During experiment alpha>During experiment beta

After experiment alpha<After experiment beta

Post-experiment observation: Decrease in alpha and increase in Beta

Robot player

Baseline alpha>Baseline beta

During experiment alpha>During experiment beta

After experiment alpha>After experiment beta

Post-experiment observation:  Increase in alpha and decrease in beta

Table 5: Comparison between average value of alpha and beta of participants in each scenario (<: lower than, >: higher than).
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DISCUSSION AND LIMITATIONS

This pilot study shows that while for some participants, nursery 
rhymes were relaxing, for others, it was disturbing. Also, for most of 
the participants, the impact of nursery rhymes on brain waves did 
not last after the experiment. The results suggest that individuals’ 
brain response to a musician or a robot player is similar. However, 
the musician’s presence might not allow participants to express 
their emotions. Also, the robot might distract the participants so 
instead of focusing on the songs the robot might catch participants’ 
attention. 

One of the limitations was the accuracy of the data collected. It is 
important to ensure that the EEG device is collecting legible data 
with few artifacts. In the current study, a significant amount of 
data was lost during the data collection because of malfunction of 
the headset or software. Another limitation was that participants 
may have been biased because they knew they were being observed 
as part of the study; thus, we may not have noticed the expected 
trend in the data. Using an EEG device for gathering the brain 
data during passive or engaged listening may not be helpful. When 
participants are engaged, they move their body parts and even 
small movements can easily be considered as an artifact and have a 
negative impact on the quality of recorded EEG. Therefore, during 
the EEG data acquisition it is very important to ask subjects to be 
in a relaxed and non-moving state. Further, it is necessary to make 
sure that individuals are attentive or their unfocused attention may 
have a negative impact on EEG signals. Another main limitation 
is to consider individuals' preference, past memories, and culture. 
Having a chance to pick the music genre may have a different 
impact on the brain state. If the music genre is not the favorite 
or familiar one, it may not change brain wave activities. Listening 
to the preferred music can balance brain waves or even relax the 
mind in comparison to disliked music. Associated memory with 
the selected music can put the brain in a relaxed state (increase in 
alpha waves and decrease in beta waves) or disturb (increase in beta 
waves and decrease in alpha waves) state. 

CONCLUSION 

For future study, it is suggested to play music based on individual 
music preferences. Additionally, it is crucial to put participants' 
brains in a relaxed situation before any data collection. This 
study also suggests that to draw a broader conclusion it would be 
necessary to consider the long-term impact of music on the brain 
and on a larger scale.
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