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Variation of heart rate during listening to music
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ABSTRACT: Music has a close connection with human emotions, and this relationship has been explored in
various fields. Recently, research has been attempted to quantify these subjective emotions based on biosignals
such as brain signals. However, emotional changes when listening to music, as measured by heart rate, which can
be easily measured in daily life, are not sufficiently known. In this study, we investigated how changing emotions
are expressed through variations in heart rate during music listening. The electrocardiogram (ECG) was measured
while participants listened to music, and the emotional characteristics of preference, familiarity, arousal, and
valence after listening were evaluated using Likert scale scores to analyze the correlation between changes in heart
rate and emotional characteristics. The study confirmed that smaller changes in heart rate were associated with
lower preference, higher arousal, and more negative emotional valence, while larger heart rate differences were
associated with higher preference, lower arousal, and more positive emotional valence. This study demonstrates
that heart rate can be used to objectively predict emotional changes due to music listening, and it is expected to
have applications in various music-related industries in the future.
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Fig. 1. Experimental procedure for each trial. The
entire experiment consists of four sessions in which
a session includes 30 trials. S denotes silence
interval and the subject was asked to rate the Likert
scale score for arousal and valence during the
interval of level rating.
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Table 1. Number of dataset from 10 subjects. Excluding data due to signal noise, the number of data used
in the actual analysis is shown outside parentheses. The total number of data, including not used in data

analysis, is noted in parentheses.

Number of dataset

Likert scale score 1 2 3 4 5 6 7 Total

Preference 100 123 137 120 182 124 118 904
(136) (152) (172) (162) (240) (182) (156) (1200)

Familiarit 171 172 89 35 87 99 251 904
y (216) (222) (116) (48) (122) (146) (330) (1200)

Arousal 91 144 182 73 188 158 68 904
(131) (203) (234) (96) (258) (194) (84) (1200)

36 80 163 131 225 163 106 904

Valence

(44) (101) (218) (172) (292) (228) (145) (1200)
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Fig. 2. Averaged heart rate across subjects as a function of time before and after— music—onset for (a)
preference, (b) familiarity, (c) arousal, (d) valence cases. S denotes silence interval and music is presented

in the music section.

The Journal of the Acoustical Society of Korea \ol.43, No.5 (2024)



]_

=

°

A
T

o]
_]

[e]

0.005=

Stp=

7HAH, Fig. 3()°l| 4]

ol whet 2ol

=

H e Hapok 2po] 4

of At 2

}-

i

Xel

7

=

s Ll

A= 2F 0.9, 4 A o o

A
= H47h

2
e

al
)

&
=

3} Student t-

¢

9

shdet. 7 maApe] P AE A
Fig. 2= 2R 5| 2e] W4 158 Alzbe] nhe

AHR= HR@nset - H‘Rbasu .

540

B TWEITE T NP A X D
w FEix BRgFE gy VNE
B H R NPt ® e
oo Ry Vg PRy RS
—_ o T N oo

R lHEL TECERTATEE
I R (TR R = g
%MWATﬂLdrﬂL xﬂﬂowuﬂovmﬁwrﬂMwA“n
PEagdpexrdv pdEerrrw
T oo B S P ==X e 0
R IR g
s on 3 —
i@.ﬂl.ﬁ.ee%%©m|uuotﬁmoﬂ%ﬂ
krfinizoereilaZed o g3
A = FE AT A XA ROl @3 ©
Mo g B f O XT N o = S L dd.
ol E##mﬂﬂﬂomﬂ%qmmwwo_uw 5 =
N - N Bl O A N =
XNy T oo BB XKL 17
ofmmjﬁmg%mowwl_;amﬂmlﬁ o
{m N ) oo X5 {ONT o N N o do] KB OKX 1) { -
o WK FERERET T M N v
TTTEAXKT DT TS TRT s]” e gl”
o BT Mo W o W oo RS = T Ak S ® RS
Fexrs IR T Tom ©xT ale NE
L i e i L T Rl - (-l s ©
HOE g o g 8 X0 o) o X ooy o TR = d @
RN o o B =
NIl oo T K = o
7u7x1_o|xren_m_m;ov ok T X0 o o
ﬂ&.%ﬂﬁotwroe_ﬁqlfﬂi S o4 1= . |
Al S T e i . vooTF
> uﬁﬁﬁ%}qﬁkﬁv ol
JLI. ol TS NOBR H MU = ol %o TR W (wdq) s1e4 YesHy
LrﬂﬁﬂﬁﬁﬁumeAM%% R T
mm%ﬂxﬂormuﬁ.o)o%du o) o =&

s RGN |- S %0
TRE R g Ba g Wl
e — & 9 b < A "H @l o
W FEETE g E Ny =
TR TPERIE LG N 8o g
S RSl A I A )
PR P o e Ay G W
Rl s N S N Ml <l
ENER OB OB R T TN KRR M ey

Likert scale score

2X] H43d H5Z (2024)

exzoly
=
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Table 2. Summary of the correlation between variation of heart rate and emotion, + in column A of table means

positive correlation, — means negative correlation, and n.a.

means no correlation between emotional score and

variation of heart rate (*o < 0.05, **p < 0.01). * in column B of table means a significant difference of p
= 0.05, ** means p = 0.01, and n.a means no significant difference in heart rate difference between the high—

and low—score groups by emotion,

A. Correlation with variation of heart rate B. Statistical sigﬂf;:sg;:gt\:feznohsigh— and low-score

Preference r=0.903, p =0.005 (+**) p =0.008 (**)

Familiarity r=0.060, p =0.897 (n.a.) p=0.316 (n.a.)

Arousal r=0.726, p = 0.065 (-) p=0.253 (n.a.)

Valence r=0.631, p=0.129 (+) p=0.049 (*)
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BZ2(Appendix)

Table A1, List of 60 music sources. 20 s of
highlights of the music sources are extracted and
used as a musical stimulus in experiments.

List of the music stimuli

No. Genre Artist Song
1 Pop/rock/metal Daughtry Waiting for
superman
2 Pop Charlie Puth | SOme ype of
love
Pop Taylor Swift Clean
K-pop/ballad U Dear name
Classical music/solo | Claude Debussy | Clair de Lune
6 K-pop/indie/folk/ BOLA4 Stars over me
blues
7 | K-pop/folk/blues U Heart
Through the
8 K-pop/ballad U night
9 | K-pop/electronica AKMU Dinosaur
10 K-pop/ballad BANHANA If you see me
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List of the music stimuli List of the music stimuli
No. Genre Artist Song No. Genre Artist Song
11 | K-pop/folk/blues Jane Jang Carmin 39 K-pop/ballad/ Jeon Mi-do I knew I love
. K-drama soundtrack
Time where we
12 K-pop/ballad Greg stayed together K-pop/rap/
Y g 40 hl') I; P BGM-v Crew BADA
13 Pop Cat&Calmell Cry 1p-hop
14 Pop Billie Eillish Watch 41 | K-pop/dance TWICE SIGNAL
s . Kalafin Kimino Ginno 42 K-pop/dance J. Y. Park ‘When we disco
Pop Niwa 43 K-pop/dance PSY That That
16 | Pop/rap/hip-hop Post Malone Circles 44 | K-pop/rap/hip-hop ZICO Boys and Girls
17 Pop/R&B/soul The weeknd In your eyes 45 K-pop/dance TWICE CHEER UP
18 Pop Why Don’t We Lotus Inn 46 Pop Lizzo Juice
19 | Pop/electronica Roads Portishead 47 Pop LSD No New Friends
20 | Korean musicals Moiﬁflsgung When you're in = - L Sk
Jeon Mi-do love 49 Adult coilrtstmporary/ Kim Hojoong Thank you
K-pop/indie/folk/ .
21 Darin Autumn Where are you
blues 50 K-pop/dance RAIN going, oppa?
22 | Popl/electronica Khnife Party Boss Mode 51 K-pop/ballad XIA Silk road
23 J-pop L’ Arc~en~Ciel Pieces 52 K-pop/ballad Eru Black glasses
24 | Poplelectronica Pendulum Crush
} Cherry blossom
Frédéric Chopin 53 | K-pop/rock/metal | Busker Busker ending
25 Classical music (II)(li;]:t(iiazy ll??\l/}?r?(fi\]oo;;g 54 K-pop/ballad Sung Si-kyung | Solar system
Zimmerman) 55 K-pop/ballad Sung Si-kyung |  In the street
Goldberg 56 Adult contemporary/ Hong Jin Young| Love battery
) . Johann Variations, BWV trot
26 | Classical music/solo . .
Sebastian Bach 988 — Aria 57 K-pop/dance T-ARA Bo Peep Bo Peep
Li
Live) 58 K-pop/dance Gain Carnival
27 K—pop/rtlylaeltljld/rock/ Kim Yuna Nocturne 59 | Poplelectronica Joel Corry BED
8 Jazz Eddie Higgins | Moon and sand 60 K-pop/ballad Kim Tae Woo Love rain
29 | K-film soundtrack | Byungwoo Lee | Irreducible step
30 | K-drama soundtrack Ccotbyel Lovers References
31 | K-pop/rap/hip-hop Young B In the morning
32 | K-pop/rap/hip-hy Drunken Ti Ret f ti
PopTapipop TUTen Tleet I " Hger 1. J. H. Choi and H. J. Chong, “An explorative study on
33 | K-pop/rap/hip-hop iKON LOVE the perceived emotion of music: according to cog-
SCENARIO .. e
nitive styles of music listening” (in Korean), J. Acoust.
1t | classical musicrsot | Fram Liont | pocondental Soc. Kr. 40, 290-296 (2021).
assical music/solo ranz LISz (MuaZepgz;) 2. D. S. Naser and G. Saha, “Influence of music liking
adult cont y L dof on EEG based emotion recognition,” Biomed. Signal
35 AU CONCMPORAYI oyl young Pil | ooPAC O Process. Control. 64, 102251 (2021).
trot Kilimanjaro ] )
3. J. H. Lee, J. Y. Kim, D. K. Jeong, and H. G. Kim,
. The story of an » . . . .
36 Adult contemporary/| Lim Young old couple in Music classification system through emotion recog-
trot Woong their 60s nition based on regression model of music signal and
N K-pop/ballad/ oy Introduce me a electroencephalogram features” (in Korean), J. Acoust.
K-drama soundtrack good person Soc. Kr. 41, 115-121 (2022).
K-pop/ballad/ 4. S. Koelsch and L. Jincke, “Music and the heart,” Eur.
38 Jo Jung Suk ALOHA Heart J. 36, 3043-3049 (2015).

K-drama soundtrack
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