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Exploring EEG Spectral Dynamics of Music-Induced Emotions

Student: Ren-Cih Ye Advisor: Dr. Chin-Teng Lin
Dr. Chih-Fang Huang

Master Program of Sound and Music Innovative Technologies

National Chiao Tung University

Abstract

Vieillard et al. (2008) has designed 56 emotional musical excerpts that convey
four different emotions. The MIDI formats of the musical excerpts were analyzed to
obtain their musical features. In addition, 17 participants were invited to listen to
the musical excerpts and to assess their emotions by two evaluative dimensions:
positive/negative valence and high/low arousal. The regression model developed
by Gomez and Danuser was used to discover the relationships between the
assessments by the participants and the five musical features. The result of the
musical feature analysis indicated a correlation between musical features and the
emotions of the listener. For example, major musical keys created positive feelings,
minor musical keys created depressed feelings, and music tempo made the
participants feel excited or peaceful. Rhythm, melody, and harmony (i.e. more
complex musical features) were rather difficult to calculate with simple musical
features to determine the relationship of complex musical features with emotional
state. In part two of the study, the participants” electroencephalography (EEG) was
measured while they listened to musical excerpts to investigate their EEG spectral
dynamics. The five frequency bands for EEG were delta (1~3 Hz), theta (4~7 Hz),
alpha (8~12 Hz), beta (13~30 Hz), and gamma (14~50 Hz). First, the Independent



Component Analysis (ICA) was completed to distinguish the source of different
signals. Then, all signals were classified based on the feature of the sources. The
obtained EEG power of the signals was analyzed with ANOVA to determine if
frequency bands of specific brain regions were related to participants’
positive/negative valences and high/low arousals. The results demonstrated that
the frontal lobe was characterized by hemispheric asymmetry with the left-frontal
alpha and the right-frontal gamma indicating a relationship with positive/negative
valences. Furthermore, the frontal midline alpha, the left somatomotor delta, and
the occipital theta were found to be related to high/low arousal. This study
reaffirmed the phenomenon of hemispheric asymmetry as a good indicator for
positive/negative valences. Furthermore, responses of many brain regions have an

observable relationship with music-induced emotions.

Keywords: emotion, musical feature, valence, arousal, Electroencelography (EEG),

independent component analysis (ICA), spectral dynamic, asymmetry
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Chapter 1 Introduction

1.1. Motivation

While human listening to music, their emotion can be influenced. Music
can change emotions, release emotions. People enjoy or comfort themselves
while listening to music [1, 2].

People listen to different types of music which can induce different
emotions. What composition of music can be used to induce specific emotion
type was interesting to explore. Furthermore, besides the listener’s
self-reports, the emotional bio-signals induced by music are also worth to

investigating.

1.2. Literature review

Several researchers have explored the relationships between musical
structure and perceived emotions [3, 4]. There are various studies on music
affective characterization from acoustic features [5, 6]. In the study of Gomez
& Danuser, published by Emotion(2007) [7], the relationships between
musical structure and felt emotions were investigated. They invited three
musical experts to judged 11 musical features of all musical excerpts that
would be listened in the experiment of their study. They used a regression
model to figure out the relationship between musical feature and affections of

subjects. The model could reveal that, for these subjects, some musical
1



feature settings would induce certain emotional states.

The autonomic nervous system (ANS) is excited during music listening.
These reactions are similar to those shown to other emotional stimuli,
including changes in heart rate, skin temperature, electrodermal response,
and respiration, etc. [8-12]. Besides ANS, the central nervous system (CNS),
including brain, can provide informative characteristics in responses to the
emotional states. In the brain research, listeners’ responses to music involve
regions of the brain that are known from previous research to be implicated in
emotional responses, including thalamus, hippocampus, amygdale, prefrontal
cortex, orbitofrontal cortex, midbrain/periaqueductal gray (PAG), insula, and
nucleus accumbens [13-17]. The Electroencephalogrphy (EEG) is a
noninvasive measurement with temporal resolution in milliseconds. The
studies using EEG to investigate the processing of emotion have shown some
EEG evidence related to emotion. ' One of the common indicators is the
anterior alpha-power asymmetry derived from the spectral differences
between a symmetric electrode pairs [18-20]. Other emotional EEG activities
have been found in many regions, such as frontal, frontal-central, parietal
areas [21-26]. Due to different experimental design, some findings from

different studies have controversies [27].

1.3. Aims and Objectives

In this study, the pre-labeled 56 musical excerpts published by Vieillard et
al. [28] were used in the musical feature analysis and listening tasks. All

selected musical features were evaluated by computer, not by human



judgment. During music listening, subjects’ 62-channel EEG signals were
recorded simultaneously. Independent component analysis (ICA) was used
to decompose the 62-channel EEG signals into temporally independent
processes, whose sources originated from multiple brain regions, and power
spectra were computed from the activation time course of each independent
component. Finally, independent components with similar features, such as
topographic maps, dipole sources, and power spectra, were grouped into
clusters across subjects. Besides, subjects were ask to have self-reports for
their feelings for listened musical excerpts.

This study aims to 1) figure out the relationship between affection and
musical features according to subjective emotion ratings, 2) investigate the

emotional EEG power responses during listening to music.



Chapter 2 Experimental Design

2.1. Stimuli

The stimuli were musical excerpts which were designed by Viellard and
collaborators [28]. All excerpts were piano sounds. The duration of each
excerpts ranged from 8 to 16 seconds (mean duration = 12.5 secs). According
to the original study, these excerpts were labeled to four emotional types,
happiness, sadness, peacefulness and scary. Each type includes 14 excerpts.
By the research of Viellard et al., in each eémotional type, there are 4 excerpts
which had lower confidence level, respectively, though we put these 16

excerpts in the latest session of our experiment.

2.2. Presentation order of stimuli

All excerpts except the 16 excerpts which had low confidence rating level
were presented in early sessions. The 40 excerpts were sorted by each “mean
valence + mean arousal” value which pre-rated by Viellard et al. and they were
separated to four blocks, each had 10 excerpts. Of the 24 possible
arrangements of the four blocks, eight were selected, with the condition that
each block had to be twice in first, second, third and fourth position. The
order of the 10 stimuli within each block was randomly determined. The
eight presentation orders were counterbalanced across subjects. This is

done to guarantee a permissible emotional difference between stimuli as
4



regards affective ratings [29]. In the first two sessions, each one had 20
stimuli. In the latest session, the other 16 excerpts were presented in the

random order.

2.3. Experimental environment

The experiment was run in a shielding room with a little light and
comfortable temperature. Each subject was seated in front of a 19-inch LCD
monitor. Subjects were asked to follow the instructions displayed in the
monitor and evaluate subjective ratings by mouse. They moved the mouse
cursor and click one certain button to choose their answers. Musical
excerpts were played with an appropriate volume in a well covered earphone

(TDH-49P, Telephonics).

2.4. Experimental procedure

SAM: Valence SAM: Arousal Other Questionnaires

o m

Resting Stimulus listening Recalling Evaluation Resting

(6 secs) (~ 12.5 secs) (6 secs) (6 secs)
>

/——/

Fig. 1 .The chart for experimental procedure.
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The experimental scenario was wrote and played in the software
Presentation (version 0.60, Neurobehavioral Systems). As the Fig. 1 shows,
each musical excerpt was in one trial. The duration of excerpt was varied by
each excerpt. Before and after each trial, there were fifteen seconds resting
time, subjects had to sustain their physiological state in a steady condition
until they were asked to evaluate their ratings. After each musical excerpts
listening, the subjects had six second to recall the music that they had
listened just before, and then, they were asked to evaluate their affections.
The subjective valence and arousal ratings were evaluated through the
modified 9-scale-SAM (Self-assessment manikin, [30], Fig. 2). The valence
and arousal rating values were recorded as 1, 2, ..., 9, respectively. Then
other questionnaires, include adjectives come from the analysis for emotional
responses [31], were answered, therefore, subjects were assured to fully
engage in the musical listening. All questions had limited choices. The
evaluation time was not limited though subjects were asked to response

without too much thinking.



Positive/High -~ neutral — Negative/Low

Fig. 2. The 9-scale-SAM (Self-assessment manikin): the top: the valence manikin; the bottom: the
arousal manikin.  In the experimental scenario, the valence and arousal manikin was played in sequence.
The participates did not saw the number from 1 to 9 associated to each position, they just moved the red

rectangle left or right with mouse to select their choice.

2.5. Subjects

Seventeen subjects were invited to this experiment. They all
voluntarily participated in this experiment and have signed a letter of consent.
All subjects but one men were right-handed. They were undergraduate or
graduate students in Hsinchu, Taiwan. Subjects were majored in different
colleges but not in the music department. More details of subjects’ profiles

are in the Appendix VIII .



2.6. EEG Recording

The EEG data were recorded at 1000 Hz sampling rate from an electrode
cap (Neuromedical Supplies 62-channel Quik-Cap) based on the international
10-20 system (Fig. 3), used a NeuroScan NuAmps amplifier with a band-pass
filter (0.1 to 50 Hz). The reference channel, REF, was placed on the center of
head (between Cz and CPz). The impedance of each electrode was ensured to

be less than 10 k ohms before the EEG acquisition began.

Fig. 3. The layout of electrodes on the EEG caps used in the experiments.



Chapter 3 Data Analysis

3.1. Musical Feature Analysis

Each musical feature comes from dissecting the MIDI files of musical
excerpts. All features were analyzed in MATLAB environment with the MIDI

toolbox!.

3.1.1. Musical features selection and evaluation

Five musical features were analyzed in this study. They are mode, tempo,
rhythm, pitch range and pitch level. These musical features were easy to be
evaluated and were thought to be important features with related to emotions
of human [7]. The evaluation of five features used the MIDI toolbox to analyze
the MIDI information of each musical excerpt. The details were described in

Appendix II .

3.1.2. Affective space regression to musical features

The analytic approach was used by Gomez et al. [7] to correlate the musical
features with subjective ratings, valence and arousal, simultaneously. The

musical feature model Y = a + By V + BaA + ByaV*A was fitted by the

1 Eerola, T. & Toiviainen, P. (2004). MIDI Toolbox: MATLAB Tools for Music Research.
University of Jyvaskyla: Kopijyva, Jyvaskyla, Finland. Available at
http:/ /www.jyu.fi/musica/miditoolbox/ .
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M-estimator with Huber type psi function. V and A are the valence and
arousal ratings evaluated by each subjects. Models were fitted by each
subject separately. The coefficients were tested by Wilcoxon signed-ranked
test against the null hypothesis of symmetry around zero. The coefficients
were used if they are much different from zero, p < 0.05. The median of
subjects’ coefficients was used to figure out the correlation for affective space

and musical features.

3.2. EEG Data Analysis

3.2.1. Analysis tools

The EEG raw data were loaded to the MATLAB (7.4.0) environment and
dealt with the EEGLAB toolbox (v6.03b). Most of calculation methods done to
the EEG data in this study were followed to the EEGLAB functions [32]. The
EEG pre-processing flow was shown in the Fig. 4. The three-session-EEG
data were merged in the order of experimental procedure. The original EEG
data were put into high-pass- and low-pass-filter, 0.1 ~ 50 Hz, and the

sampling rate was decreased from 1000 to 250 Hz.

3.2.2. Epoch Extraction

Each epoch was extracted from -5 sec to 25 sec, with the stimulus onset
(zero sec) was set in the beginning of each musical excerpt. Some EEG

artifacts caused entire epoch to be rejected. Such as big body movements

10



might result to big noisy signals through some channels, and, in some periods,
a few electrodes lost skin contacts would make these channels to be useless in
these periods. An example for artifact removal was in Fig. 5. In one epoch, if
the artifacts occurred in the resting time (this period would be treated as

baseline), or in the interesting period of this study (when musical excerpt was

playing, or subject was recalling), this epoch would be rejected.

single session high pass filter: low pass filter: 50 down sampling
EEG data 0.5 Hz Hz rate to 250 Hz

extract epochs: . artifact removing
remove baseline:

merge sessions . =
into one dataset S 2L s -5000 ~-2100 ms for channels or
of music onset epochs

Components - Fit dipole —> el e el Ly

components

Fig. 4. The chart outlines the EEG pre-processing step by step.
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3.2.3. Independent component Analysis (ICA) and ICA Decomposition

The ICA was extensively applied to solve the problem of EEG source
separation, identification and localization [33]. The ICA related functions in
the EEGLAB toolbox were used to run the analysis. In the procedure of the
ICA decomposition, the two-dimensional topographic scalp map which
indicates the activation weights distributed across electrodes for each
independent component was generated for further judgment. Then, each
interesting component was fitted dipole by the implemented functions of
EEGLAB. After the EEG pre-processing of all subjects, the STUDY tool in the

EEGLAB was used for clustering all useful components from all subjects. In
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this study, the component scalp maps, dipoles and power spectra were
measures for clustering. The clusters were generated by the K-means
algorithm. Finally, some human manual re-assignment or rejections were
performed to confirm that all dipoles in the same cluster were in a reasonable

distribution.

3.2.4. Time-frequency transform and statistic for EEG data

The EEG data were computed in time-frequency domain by the FFT
computation. The “winsize” and “padratio” of the “newtimef” function
were set to be 512 and 2. The EEG power baseline of each epoch was on the
0 ~ 3000 ms in order to remove the excitation from sounds.

EEG spectrum were separated to five frequency bands, delta(l ~ 3 Hz),
theta(4 ~ 7 Hz), alpha(8 ~ 12 Hz), beta(13 ~ 30 Hz), and gamma(31 ~ 50 Hz).
In each epoch, frequency band power during listening to music was averaged.
These power levels were treated as observations in the analysis of variation
(ANOVA). Each excerpt was labeled to PV(positive valence)/NV(negative
valence) and HA(high arousal)/LA(low arousal) according to the subjective
SAM ratings. The neutral scale of valence or arousal ratings was excluded in

ANOVA. The clearer sight was in Fig. 6.
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Chapter 4 Results

4.1. Subjective ratings related to pre-labeled emotional types

Table. 1. The affective ratings of four initiated emotion types.

Pre-labeled Affective Ratings Types
Types PVHA PVLA NVHA NVHA PV NV HA LA
Pea&‘g:g;"ss 5.8% 50.0% 13.4% 0.4% 8.0% 1.3% 1.8% 19.2%
H?Il,"l;;;‘:)ss 51.1% 0.0% 0.9% 19.6% 0.0% 0.0% 1.7%
(E;al‘;y\) 8.9% 0.9% 9.8% 54.0% 2.2% 8.9% 12.1% 3.1%
S;;‘i,‘;j:)s 0.9% 4.8% 48.3% 14.8% 1.3% 19.6% 1.3% 9.1%

PV: positive valence, NV: negative valence, HA: high arousal, LA: low arousal

The affective ratings distribution to the pre-labeled four types was shown
in Table. 1. As listed in the table, only about S0 % (< 60 %) of the ratings
belong to the pre-labeled emotion type, about 10 % to 20 % trials were just
rated to one of the two dimension, another one scale were rated on neutral
scale. These results indicate that self-report have some different ratings
between participants, even though they were rating on the same excerpt. The

radar chart on below has a clearer view Fig. 7.
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Fig. 7. The radar chart indicate the subjective rating distribution of in four initiate emotional types.

16




4.2. Subjective ratings regression to musical features

Table. 2. Medians of the Estimated Regression Coefficients 3 , (Valence), B , (Arousal),

and B, (Valence X Arousal) for the six Musical Features

Valence estimate Arousal estimate Valence x Arousal estimate

Musical feature Constant a coefficient Bv coefficient fa coefficient Pva
Feature 1 (mode) 2.801 (0.62) 0.309*** (0.07) - 0.053** (0.08)

Feature 2 (tempo) 3.076 (0.67) 0.009 (0.15) -0.104 (0.18) 0.051*** (0.04)
Feature 3 (rhythm) 3.390 (0.13) 0.005 (0.02) 0.078*** (0.02)

Feature 4 (pitch level) 3.782 (1.64) 0.089 (0.25) -0.114* (0.36) 0.025* (0.05)
Feature 5 (pitch range) 2.014 (1.71) 0.400*** (0.34) 0.405*** (0.34) - 0.084*** (0.06)

Note. Standard deviations are in parentheses.
*p<.05 * p<.01 **p<.001 (Wilcoxon signed rank;test against the null hypothesis of symmetry around zero).

The estimated models for the.5 musical features are presented in Table. 2.
In order to have a clear understanding to the relationships between musical
features and felt valence and arousal, Fig. 10 (in the next chapter) shows
contour plots for features in the 2-D emotion space. Mode was mostly related
to valence, i.e. major mode could induce positive valence, minor mode could
induce negative valence; in addition, mode had very little but meaningful
effects on arousal dimension. Fast tempo could induce positive high-arousal,
and even the arousal level was low or if the valence level was negative, it might
be induced by slow tempo. For rhythm model, only the coefficient of arousal
had significant effect. The rhythm was more complex for high arousal and
simpler for low arousal. The pitch level was the lowest on negative
high-arousal state, and was the highest on positive high-arousal state; thus,

the middle pitch level was on any valence low-arousal level and on neutral
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valence with regardless arousal emotions. The pitch range was wider for
negative high-arousal excerpts and positive low-arousal excerpts with

narrower ranges in the negative low-arousal and positive high-arousal states.

4.3. Results of IC Clusters

Average scalp map for all clusters
Fm5(15Ss,191Cs) IF2(12Ss, 121Cs) rF 9 (11 Ss, 11 ICs)

FCm15(15Ss,151Cs) P11 (13Ss,181Cs) IM 10 (12 Ss, 12 ICs)

14 (128Ss,171Cs) 08 (12Ss,121Cs) latO 34 (12 Ss, 28 ICs)

Fig. 8. Average scalp map for all clusters.

Fig. 8 shows the average scalp map for the final nine IC clusters. They
are frontal-midline, left frontal, right frontal, frontal-central midline, parietal,
left motor, right motor, occipital-midline, and lateral occipital. The number
of subjects included in each cluster is range from 11 to 15, of totally 17
subjects. The mean Talairach locations and more details about the nine

clusters are listed in Table. 3. In some clusters, there are more than one
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component from one subject, especially the lateral occipital cluster included

some components with bilateral dipoles.

fitting were small enough thus the dipole fitting were good for use.

The residual variances of dipole

The

clustered IC topographic maps, dipole sources, and power spectra were shown

in Appendix I .

Table. 3. The base information about IC Clusters

Talairach Residual variance (%)
IC Cluster name #sets #ICs

coordinates (X, Yy, Z) I'Vmax I'Vmin I'Vmean
Frontal-midline (Fm) 15 (88%) | 19 (-1, 29, 30) 9.6 0.38 | 3.06
Left-frontal (IF) 12 (71%) | 12 (-24, 21, 42) 6.37 |1 0.93 | 3.43
Right-frontal (rF) 11 (65%) | 11 (24, 12,27) 4.48 |(0.83 |2.72
Frontal-cental-midline

15 (88%) {15 (0,-11, 34) 6.94 | 0.77 |2.77

(FCm)
Parietal (P) 14 (82%) | 19 (-2, =54, 38) 6.28 1.45 | 3.2
Left-motor (IM) 12 (71%) | 12 (-32, -31, 40) 8.89 1.21 | 3.3
Right-motor (rM) 12 (71%) | 17 (33, -37, 40) 7.15 [0.79 | 3.13
Occipital-midline (Om) 11 (65%) | 11 (1, -74, 15) 2.99 1.71 | 2.14

Left (-22, -67, 13)
Lateral-occipital (latO) 12 (71%) | 28 6.31 |0.54 |[2.94

Right (20, -71, 11)

4.4. Results of EEG spectral dynamics analysis

Table. 4 shows the EEG spectral dynamics with significant differences

between groups, positive/negative valence, high /low arousal, or with the
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interaction terms. On the other hand, the mean power and standard
deviation of pairs with significant differences were shown in Fig. 9.
Frontal-midline has gamma difference related to valence and has alpha
difference related to arousal. In the left frontal cluster, alpha band activity
was related to valence. Right frontal gamma had differences between
positive /negative affection; also in the right frontal cluster, beta reaction was
related to the interaction between valence and arousal. Furthermore, in the
left motor cluster, there are arousal related delta activities. Finally, in this
study, occipital midline, as well as lateral occipital, had difference on theta

power related to arousal.

Table. 4. The outline of IC clusters under ANOVA significant level

IC Valence Arousal Valence*Arousal

Cluster
60 |a|B|T[&]|]O6|lalB|T|86]|O6|al|l p |T
Fm %% *%
1IF £
rF * Kkt
FCm
P
1M &
rM
Om
latO

* p<0.05 ** p<0.01 *** p<0.005
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E  Delta Mean Power of left Motor Cluster F  Theta Mean Power of Lateral Occipital Cluster

4t

Mean Power (dB)
o
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Fig. 9 The average power and standard deviation of clusters with significant level (p<< 0.05).  A)
Frontal-midline alpha, B) frontal-midline gamma, C) left frontal alpha, D) right frontal gamma, E) left

motor delta, F) lateral occipital theta, and G) occipital midline theta.
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Chapter 5 Discussion

5.1. Musical features and affection

The MIDI content of the 56 excerpts was analyzed with simple algorithm.
The regression results of this study were compared with the results of Gomez
& Danuser [7]. In order to have a clear comparison, the affective space of
regression results of these two studies were put together in Fig. 10.

Mode not only influences the valence but also the intensity of affection
slightly. Comparing with the results of Gomez, the human sense of mode is
not simple as major/minor separation, however, the mode could be in
different degrees to influence the emotion of human. In this study, the tempo
is related to the interaction of valence and arousal; in clearly, the rapid music
could induce positive high-arousal emotion, but the affection might tend to be
negative and low arousal. The rhythm perception was not easy to evaluate by
calculation, the regression results of human-perception rhythm were more
complex than the algorithm used in this study. The regression result of pitch
level in the current study was consisted with the study of [7], that is, the low
pitch could induce negative high-arousal emotion but they are not in agree on
the high pitch level. The high pitch level could cause not only low but also
high arousal emotion in positive condition. The results of pitch range which
were quadrant distribution were much similar with the results of Gomez &

Danuser.
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The estimated models of two studies were very different in some features

especially rhythm. The complex features couldn’t be simulated with simple

algorithm.

Feature 1 (mode)

mode of Gomez(2007)

|

Arousal

W2 3 4 s 6 7
Valence Valence
Feature 2 (tempo) | tempo of Gomez(2007)
9 . T . ' :

Arousal

Valence
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Feature 4 (pitch level) pitch level of Gomez(2007)
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Feature 5 (pitch range)

pitch range of Gomez(2007)

Arousal
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Fig. 10. The five features in the affective space defined by valence and arousal.  On the x- and y-axes, 1=most
negative valence/lowest arousal and 9=most positive valence/highest arousal. = The estimated models represented as follows:
This study:
mode = 2.801 + 0.309 x valence — 0.053 X arousal
tempo = 3.076 + 0.051 X valence X arousal
rhythm = 3.39 + 0.078 x arousal
pitch level = 3.782 — 0.114 X arousal + 0.025 X valence X arousal
pitch range = 2.014 + 0.4 X valence + 0.405 X arousal — 0.084 X valence X arousal
Gomez & Danuser:
mode = 6.4 — 0.27 X vlaence — 0.71 X arousal + 0.11 X valence X arousal
tempo = 1.2 + 0.1 X valence + 0.43 X arousal
rhythm = 2.23 4+ 0.16 X valence + 0.35 X arousal — 0.05 X valence X arousal
pitch level = 4.54 — 0.07 X arousal
pitch range = 2.17 + 0.22 x valence + 0.37 X arousal — 0.05 X valence X arousal
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5.2. EEG activities features

As in many studies, the frontal lobe plays an important role in human
emotion. The current study found the alpha power variation related to
arousal found in the frontal-midline region was similar with the other study
which found the overall frontal EEG alpha activity could distinguish the
intensity of the emotions [20]. Besides, the frontal-midline have gamma
power related to valence in the current research can be verified by the
emotion-related study of MEG which detects beta-low gamma ERDs in the
anterior cingulated cortex (ACC) [34]. Furthermore, the asymmetric
oscillation of anterior brain region was also-a common indicator related to
affections. In this study, the alpha power activity difference was found
related to valence in left frontal region, and the gamma power in right frontal
region; also, the beta rhythm was found in right frontal related to the
interaction of valence and arousal. In the top-30 emotional EEG feature
pairs listed in the study of Lin el al. [27], the similar findings such as the alpha
asymmetry at FP1-FP2 sites, gamma asymmetry at F3-F4 and FP1-FP2 sites,
and beta asymmetry at F7-F8 and FT7-FT8 sites could be corresponded.
Moreover, the study of Koelstra [35], investigated the correlations of valence
and arousal with powers in four frequency bands, shown electrodes on the left
frontal region had alpha power significant correlation to valence. In addition,
also in [35], FC6-beta correlated to valence and FC6, F8-gamma correlated to
valence were found to correspond to the current study with right frontal beta

and gamma reactions.
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The EEG reaction was found in motor region during listening to music
however the participant did not have body movement. Itis referred to the role
of a mirror-neuron system in perception of emotion [36]. For example, the
music with slow tempo, lower pitched sounds, resembling with sad music,
which involved slow, low-intensity movements; on contrary, the fast,
high-pitched music, could be regarded as happiness music, is associated with
rapid, high-energy movements, such as can be observed in spontaneous
dancing to music. The sensory-motor interactions were involved during
listening to music. In the current study, the delta oscillation was found in
the left somato-motor region related to affective arousal. In the other study
[35], the theta power with significant correlation to arousal was found on CP6,
near to left somato-motor area. . Although it is not the same frequency band
power found as the current study, it could be evidence that left somato-motor
area would be aroused during listening to music. Specifically, the right
handed people may have more tendencies to move with right side body, in
spite of they are just imagining. For almost subjects, it is reasonable that the
motor EEG activate in the opposite side to the preferred hand.

The theta activity was found in occipital-midline and lateral-occipital
region related to human arousal while listening to music. On the other hand,
in the findings of [35], the occipital theta was found to be correlated with
valence. Furthermore, the O1-O2 asymmetry was in the top-30 feature pairs
of [37]. The occipital region involved the visual processes of brain.
Nevertheless, these emotional related EEG activities were not caused by visual
stimuli.

In Fig. 9, the mean power bar shows the EEG intensity of groups but the
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standard deviations were larger than the distance of difference between two

groups. That might be attributed to the personal difference of affection.

5.3. The limitation of this study

As the research of music psychologies, the mode, tempo would be the
major effective factor to valence and arousal. Besides, other musical features
such as melody, harmonic, timbre, or articulation also influence emotion of
listeners [1, 7]. In this study, only five musical features were selected for the
reason of the 56 musical excerpts were all synthesized piano sound.
Therefore, the timbre of all excerpts was the same and their articulation was
unitary.

The participants in this study were all students in Taiwan. Though, the
personality profiles, such as music experience, with or without music training,
or the preference of music, even the culture background of participants were
not manipulated to distinguish its EEG activities between participants.

This study was a touchstone of emotion research. The initial motivation
of this study was to using the EEG to recognize human’s emotion during
listening to music. Furthermore, if we known personality’s emotion EEG
feature, the musical features of specific emotion type could be modeled
according to subject’s EEG characteristics. For more advanced applications,
that can be used to music therapy, or to make lots of computer games to be

more colorful in auditory.
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Chapter 6 Conclusion

In this study, 56 musical excerpts were analyzed according to the MIDI
information, using simple algorithm to get five musical features of each
excerpts. In the experiment, 17 participants were invited to listening musical
pieces, and were asked to report their affections after each song. EEG
(Electroencephalogrphy) was recorded during listening. EEG was
pre-processed and decomposed into independent brain processes with ICA
(independent component analysis).

As the results shown, the estimated musical features compared with
results of Gomez & Danuser indicated that we can simulate simple features,
such as mode, tempo, pitch range, without more details about human
perceptions. Some discrepancies exist on more complex features involved
advanced musical analysis.

EEG results show that the asymmetric on lateral frontal lobe which react
to pleasantness, there are left frontal-alpha, right frontal-gamma. The
frontal lobe also distinguished levels of arousal on alpha band and valence on
gamma band. That somato-motor region also activated during musical
listening revealed that people had motivation or imagery to dance with musical
sounds. And in the occipital also had some information related to arousal.

This study confirms that the asymmetry plays an important role in
valence processing. Beside, multiple brain regions are involved in emotions

induced by music.
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The future work may investigate the relationship between EEG and
multi-scaled valence and arousal reported by subjects. In this way, the
difficult might be the data of grouped subjects may cause the correlation to be

much small as the reason of some individual differences.
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AppendixI IC clusters results on

individual components
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Fig. 11.The scalp map, dipole locations, and spectra of frontal midline cluster.
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Fig. 12.The scalp map, dipole locations, and spectra of left frontal cluster
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Fig. 13.The scalp map, dipole locations, and spectra of right frontal cluster.
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Fig. 14.The scalp map, dipole locations, and spectra of frontal-central midline cluster.
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Fig. 15.The scalp map, dipole locations, and spectra of parietal cluster.
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Fig. 16.The scalp map, dipole locations, and spectra of left motor cluster.
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Fig. 17.The scalp map, dipole locations, and spectra of right motor cluster.
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Fig. 18.The scalp map, dipole locations, and spectra of occipital midline cluster.
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Fig. 19.The scalp map, dipole locations, and spectra of lateral occipital cluster.
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Fig. 20. The dipole locations projected to 3 planes: Sagittal view(top left), Coronal view(top right),

Horizontal view(bottom), group clusters with same colors.
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Appendix II Musical features evaluation

The note numbers and their note-onset time and duration of each excerpt
were loaded by ‘midi2nmat.m’. The note number was ranged from O to 127,
where middle C(C4) was 60.
® Feature 1 (Mode)

The Feature 1 was referred to the mode. In this analysis, the mode was
determined by key finding instead of investigating the tendency to major or
minor. The key finding was performed by the K-S key-finding algorithm
using the ‘kkkey’ function. If the key with the highest correlation coefficient
was in major, the mode will set to major, and vice versa.
® Feature 2 (Tempo)

This feature was referred to the tempo-of each excerpt. The tempo could
be elucidated in the numbers of notes-on-set in one period. In the analysis of
midi files, if more than one note sang at the same time, it should be regarded
as one note-on. In this method, the tempo of each excerpt was evaluated to
be

# of on-set notes / total duration time.
® Feature 3 (Rhythm)

The evaluation of rhythm was according to the algorithm designed by Thul
& Toussaint [38], which is one of methods used to calculate measurement of
musical pieces, and it can be regarded as rhythm complexity.
® Feature 4 (Pitch level)

The Feature 4 was referred to pitch level. The pitch level express the pitch of
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one song was in upper or lower register. In this study, the pitch distribution
of one excerpt was supposed to be normal distribution. We use the
‘normfit.m’ function of the Statistics Toolbox to fit the normal form of the pitch
distribution. The mean value of the fitted distribution was tough to be the
pitch level of one musical excerpt.

® Feature 5 (Pitch range)

The Feature 5 was referred to pitch range. In this study, the pitch range
was simply evaluated by the range of the highest pitch and the lowest pitch of
one song. That is,

max (pitch number) - min(pitch number).
The z-scores of these five musical features were transformed. Then, the

scores were extended and translated to O ~ 7.
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Appendix IV A Letter of Concent to

participents
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AppendixV Questionnaire for

partisipents’ profile
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Appendix VI Questionnaire after

Experiment
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Appendix VIIT Mental Assessments

Depression, anxiety and alexithymia were assessed by the Chinese
versions 2 3 4 of the Back Depression Inventory (BDI-II; Back, 1996), the
State-Trait Anxiety Inventory (STAI; Laux et al., 1981) and the
Toronto-Alexithymia Scale (TAS; Taylor et al., 1985). As in Table. 5, all
subjects were non-alexithymia, minimal or mild (5 persons) depression, except

2 person had no data.

Table. 5  The results of subjective self-mental assement.
TAS-20 STAl-state STAl-trait BDI-II

s07 X - X X X -

s19 X - X X X -

s20 10 Non-alexithymia 38 54 9 Minimal depression
s21 35 Non-alexithymia 37 39 7 Minimal depression
s22 27 Non-alexithymia 36 49 17 Mild depression
s23 37 Non-alexithymia 41 44 15 Mild depression
s24 25 Non-alexithymia 52 46 8 Minimal depression
s25 20 Non-alexithymia 40 46 14 Mild depression
s26 31 Non-alexithymia 36 48 15 Mild depression
s27 11 Non-alexithymia 43 43 14 Mild depression
s28 34 Non-alexithymia 48 62 9 Minimal depression
s29 33 Non-alexithymia 37 45 7 Minimal depression
s31 34 Non-alexithymia 40 46 10 Minimal depression
s32 14 Non-alexithymia 31 46 4 Minimal depression

@Fﬂ s R SR VR AN(2002) « (IR P LY U REZEIAST L [FRAIE o FIBEAIERSE - Y16 (3T AN -
énf B & EJE—Lm’FL(1984) PSR AT TR A P e 7 - jygl %5 F127-36 -
FRTIED ~ FOE2003) - f/;ﬁ’ﬁf/w SLFEIALNFE TP o FIIPEHEST - 9717 & (534 3)
52

s F1276-282 -



s33 17 Non-alexithymia 42 48 13 Minimal depression
s34 24 Non-alexithymia 31 31 9 Minimal depression
s35 25 Non-alexithymia 39 51 5 Minimal depression
Average 25.13333 39.4 46.53333333 10.4
S.T.D. 8.447386 5.376492 6.561165208 3.860915
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Appendix VIII Subjects’ Profiles
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Autobiography
Wrote for the course of Academic English Writing on May, 2009

My experience is very simple if you just see what I learned before graduate
school. I graduated from general high school, and attended the department of
electrical engineering in National United University. Then, many or most people
may go to work being an engineer in a technical company, or, may study in
electrical related graduate school, but I did not, because of music.

I am not a typical music learner. In my elementary school years, I admired
some classmates for their piano talents. Before following any piano teacher, I
played the electrical piano just for fun at home. In one special opportunity, I
learned to play the piano from a Korean piano teacher for about one year. Inthe
one year, I achieved the intermediate level of formal piano lessons. Besides, I
also learned how to use chords for improvisation. I stopped the class because
school works became harder. However, I still practice playing the piano in my
free time.

Besides the piano learning, I also attended the chorus in high school and
university. The high school chorus I attended is one of the best high school
choruses in Taiwan. And the university's student-chorus was a new club in the
school. By the way, I participate in a choir for singing the song about nature
loving, and sometimes, play an accompaniment.
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I wanted to combine my learning in school with the music I loved. In 2008,
there was a new master program founded in the National Chiao Tung University,
the Master Program of Sound and Music Innovative Technologies (SMIT). I'm
lucky to study in this program now. I am learning the knowledge of sounds,
electro-acoustics, and playing the newest musical technologies in SMIT. I am
researching on the human brain and its reaction to music from the view of
cognhitive neuroengineering. We use the technology of psychophysics to
investigate into the human brain waves, respiratory changes or heart rate
variability, etc. We want to know what kinds of music can help people sleep, or
what music can make people more animated.

It's a big challenge for me to'study in this graduate program, because it's a
new field for me. I have many things to learn. Nevertheless, I can enjoy in it for

my interesting is music.
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