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2.2.2 TRF 54 A" 9 ¥4 44

 ATolM = &8 TRF 7IWS ARgste] ¥3 wheS 348, &83dF TRF <
Aot vAds Fr7A e AnAdel 4t &9 A3 HddHolHE Y3 A2 Yo
&8ttt TRF &= matlab 9] mtrf toolbox & AFE3te] HAaH AT, S A=
A F34= e 2 delta, theta, alpha, beta band ¥4 Alol+= Y A=29] envelope &
tel Abgsiglem 54 b vlaAdE &9 A9 spectral flux & FE3H
ARESEITE HatdolE e} sdd A2 wE7] fE 266Hz = the AER H At
ol ¥udely et 59 A= dHolH= 77 AdAd HEHE AR on ol sdF
1712 TRF train o] 995U vt} sld Aoll4= -500~1000 ms 9 time
lag & AF&-3FSITE Train ©] %ol cross validation & &3 2t T34 0o H2 =23}
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2.2.3 STATISTICAL TEST

sAEMS sy #sl WA global field power(GFP)=Z  Folw|dh AlZk=

U GFP & 2zt AR A dolA dA Age] 23 ¥ vbgo 395 yEhly
GFP + =& J93@dx dHelgE AMEHE Hrstal BE AL TRF #4b& ALkt

th (Figure 8). &4 A=ol thgh wkgo] == 0-500ms Abololl A wEL}7]
wj&ol GFP oA 7z} A M2 0-500ms Abelol Al FEle 73 wEg Hol:
ARV FF [17]. HFH o0& 74, 156, 176, 266, 305, 508 ms 7} fojw]sicha
ddeta g AIRbES ZIRke w2 EAElth g ARt el A GFP 9] full width at
half maximum ©| &9 3l+= time interval & 3} 3, TRF ZA¥}o]A 31T time
intervals & 13}9 topography % FAEAd AFESIATE o]% A&l H|AZE
ool wel W9 whg-o fFofuE zolzb deAl Flsty] ffs) HlESs HAWH
Wilcoxon signed rank test & &3 SAlEAS st [18]. 10 He IA} F
dolel Aejge] A2 8 e @A HolHrt ARgo] HATE GFP & F A
AP ol F AYAe] thall Wilcoxon signed rank test & 233, test 2H=
ARg3te]l  z-value &  AAFSEITE. TRE W IhdlolEle} A 4 AdEsE  F3
topography & %3, ¥3 HolEl= Htste] 25ar SARA A= p-value 7F
0.05 232 #ES 0 22 AEstal Fou|st 2ol & Holx= o9 (p-value<0.05)9] z-

value 7F E A3} T

Global field power

I N
I\

—— Preference
Non-preference
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Lag (ms)
Figure 8. Temporal response function® 2 Fdst x|n} ¥+29| W@ =2 Eof T8t global field
power
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3.1 TRF7]¥F goF A3 %0 W& ¥y £4 ZA3} (1-30Hz)

A B4 Ay udx 89e] wa = frontal ¥ parietal lobeolA 156mse}f
176ms AIZFHe] Ao 9ol thgh ¥ ap gkgo] HHE o g ¥3 vhgH o
A stEH fFongk FAA Zol7t Aes FIskdn (Figure 9). Figure 102 +9H]|
@ Apolz} glvha ghekel GoQl F4Aldel TRF 2#2 8 vhebdl 233t 176ms o9 ]
box plote]t}.

A Preference Non-preference B Z-value (p<0.05)

156
176 §
266

304

508 |

Figure 9. (A) TRF EEG Cl|O|E{Z 12l topography.
(B) Wilcoxon signed-rank test2| Z1t2 1%l topography (p<0.05).
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Figure 10. FAxXi'22| TRF Z3} U 176ms i 2| boxplot
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3.2 TRF7]4F FREQUENCY BANDY &9 M3 x4 @& 3
A A3

3.2.1 DELTA BNAD A% (1-4Hz)

Delta band®] #41 Z3} frontal®} parietal lobeol A 156mse} 176ms Ao A&
S gt Hu} gkgo] vjdE S st Wyl dkg B} v AsiA A= A
< =5 F dorn fFyug A4 Zol7b des FUT 7 AT (Figure 11). o]+=
:{

AA b 9 (1-30H2) 3 Hldh S Beol™ delta band7F A3eF s} 9l
ol

= A& & F AT Delta bande HAIAR1 F24 &FdA Yy B AE, 57] F
oo BolstE AHow el AUt [19]. T3 titE A4 FJue TR Ao =7)3tH
s WEse 2dEsy 77 2 vkeS ddelsE H 99 e a8 AlY BAs =
28t= Aoz e A Q) [20]. o= delta band7F A3 %9} AR A4 HSS G5
st AAZ o7 Herst A7l He wdlE A3t AS AANE F A
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A Preference Non-preference B Z-value (p<0.05)
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176 §
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508 §

Figure 11. (A) Delta band2| TRF HIO|E{2 1l topography.
(B) Wilcoxon signed-rank test2| Z1t2 1%l topography (p<0.05).
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3.2.2 THETA BNAD A% (4-7Hz)

Theta band®] #4] A3} frontal lobeollAl 156ms®} 176ms A7) A5 S of
g w3t ghgo] HHdE S gk ¥ o wkE By o AsiA A4stEE As ' o

Row Fojug FAA Aot Ad5s AT F AAT (Figure 12). o= A F3¢
T WA (1-30H2)3 Hl=d S HolM theta band’b AEe} #AE] Ytk 3
o+ 4= 9lth. Theta ban Aol #ofste= A
o8 4dx Adnt [21]. 53] HEdte oS AV dEshe Fa 5 & w A5F9
oA ¥ ¥ theta 37} YEIRTH [22]. ol HEde 9L EAL A, 3H%

A we Augol 98 AR £ Yok

o
rir
N

> 12
B=)
)
)
il
offt
ulj\
Y
o
oy
o[l
ol
X
U\l
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A Preference Non-preference B Z-value (p<0.05)

156

176

266

304 f45¢

508 |

Figure 12. (A) Theta band2| TRF G|O|E{2 112l topography.
(B) Wilcoxon signed-rank test2| Z1t2 1%l topography (p<0.05).
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3.2.3 ALPHA BNAD ZA3 (7-13Hz)
Alpha band® ¥4 ZA3} frontal lobeolA] 0-200msAIZtthe] A& SHol thah w3}

X
ofmgk SAA A7t Aes AT F AU (Figure 13). o= AA Fok4 o
30Hz)¥} W58k S Hol™ alpha band’} Azt ##EEo Jduts AS & 4 Uk
Alpha band® FE ARl Aejell A el 719, A4 & wolstr AR 22
A A AFEPNA F2 REEo] YERdT [23]. A8 AFEAA EE
2otel]l tist A5 v o] AAFAoY B AT E 18 e Zfo|7k YEIGA] ¢k
S Hol AuEw AR AH 9 AR, 384 AR Aol AR EEH=

Aol HeS AANE = Ao [24].
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Figure 13. (A) Theta band2| TRF C|O|E{2 112l topography.
(B) Wilcoxon signed-rank test2| Z1t2 1%l topography (p<0.05).
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3.2.4 BETA BNAD ZA# (13-30Hz)

Beta band®] #4 A3 300msA|7FtHe] occipital lobedl A Fu|dt xpo]7F &S
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Bl o= Hl [25].

A Preference Non-preference B Z-value (p<0.05)

Figure 14. (A) Beta band2| TRF H|O|E{2 1%l topography.
(B) Wilcoxon signed-rank test2| Zut2 112 topography (p<0.05).
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Figure 15. (A) Spectral fluxE A& TRF HIO|E{2 &l topography.
(B) Wilcoxon signed-rank test2| Z1tZ 1%l topography (p<0.05).
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o~

A= E 7 (Figure 16). 919 F3 ey 4 Aol A Fongh A= 714
Wol Usgkd 176 ms Akl tis]l Wilcoxon signed-rank test &4&4-& %333}
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Figure 17. 176ms CHH 2| data boxplot (*: p < 0.05)
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[Abstract]

A Study on Neural Synchronization Analysis
Based on Temporal Response Function for
Estimating Music Preference

Moon Jung-Hwan
Supervisor: Woo Ji-Hwan
Department of Biomedical Engineering

University of Ulsan

Electroencephalography (EEG) studies on music and neural synchronization is being
conducted in the direction of estimating frequency, spectrogram, and frequency phase,
but the method does not reflect the information of music that changes over time and
does not reflect the response to complex and rich music because it analyzes only using
brainwave responses. A linear time-varying system that estimates the response by
mapping continuous voice stimuli to neural responses has been proposed in recent
research.

In this study, we used the temporal response function (TRF) for estimating EEG
responses to preference and non-preference music and found that preference can be
evaluated. We also divided frequency bands into delta and theta bands for analyzing
EEG responses in each frequency band to the preference music. And also, we
1dentified which musical features, envelope and spectral flux, produced the strongest
synchronization of preferences.

The analysis of TRF-based estimated EEG in the 1-30 Hz band and delta, theta,
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alpha, beta bands showed that the EEG response to the preferred music was more
strongly activated in the frontal lobe than the EEG response to the non—preference
music in the 100-200 ms time interval, and a significant difference was verified using
the Wilcoxon signed rank test. TRF using musical features of envelope and spectral
flux, respectively, showed that the reconstruction accuracy of envelope was higher in
the 200 ms time interval.

This study demonstrates that TRF can be used to distinguish between preferred and
non-preferred music, and that low-frequency bands and envelope of music are
advantageous for preference analysis. The results of this study can be used for
predicting individual music preferences, music recommendations, and market

strategies.

Keyword: Electroencephalography, Temporal response function, Music preference
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