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Detection of Music Preferences in Young Adults and Elderly Individuals
Using Prefrontal Hemodynamics

Yumie Ono*

Abstract Partaking in physical exercise while listening to one’s favorite music ameliorates the perception of
dyspnea and fatigue and increases one’s enjoyment of the exercise. Hence, the use of specific music in a physical
training class for elderly people could increase the endurance of the participants. Additionally, this could benefit
elderly individuals by reducing frailty and improving cognitive function. However, it may be difficult to elicit
information pertaining to preferred music as it may be difficult to communicate with elderly individuals owing to
cognitive decline. Thus, in this study, an objective classification method of music preferences was developed
using the changes in prefrontal hemodynamic signals while listening to music, measured by functional near-
infrared spectroscopy (fNIRS). The experiment consisted of 17 young adults and 17 elderly individuals. While
listening to 6 popular songs during different time periods, INIRS was used to scan the prefrontal brain activity of
the subjects. For each song, seventeen features of the fNIRS waveform were extracted, which included statistics
of temporal distribution and laterality of changes in oxy-hemoglobin, deoxy-hemoglobin, and total hemoglobin
concentrations. From these features, three that exhibited the highest correlation to score of a subjective
preference scale obtained from a questionnaire completed by each participant were selected. The extracted
features were used to train a 2-class linear classifier that determined whether the listener preferred each song.
Mean classification accuracy was calculated by a leave-one-out cross-validation method. The proposed algorithm
had mean classification accuracy of 86.3 = 11.8% and 88.9 = 14.5% (mean * standard deviation) in detecting
individual favorite songs in young adults and elderly individuals, respectively. The mean classification accuracy
was significantly higher when features selected for individual participants were used compared to when fixed
and common features for all participants were used. This finding suggested that listening to favorite songs
evoked individual changes in emotional responses.

Keywords : music, near-infrared spectroscopy, emotion, prefrontal cortex, machine learning.
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Table 1 Music stimuli and VAS scores in young adults and elderly individuals.

Song title Singer Release BPM VAS score

year Young adults Elderly
Minato-machi 13-banchi Hibari Misora 1957 112 3521223 822+221
Ringo no Uta Michiko Namiki 1946 117 4214251 85.0+20.0
Omatsuri Manbo Hibari Misora 1952 125 539+25.8 90.6+17.2
Chi-sana Koi no Uta MONGOLS00 2001 112 824+15.1 531+175
Sora mo Toberu Hazu Spitz 1994 117 81.5+23.1 56.31+24.4
A Whole New World Kazutaka Ishii and Kaori Asoh 1993 125 789+21.3 524£315
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Fig.1 (a) Arrangement of fNIRS channels and (b) ex-
perimental setup.
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Table 2 Features of NIRS signals for classification of music

preferences.
Feature Description

Area Cumulative value of signals

Rectified Area Cumulative value of rectified signals

Max Maximum value of signals

Min Minimum value of signals

Variance Variance of signals

Skewness Asymmetric property of signals

Kurtosis Sharpness of the peak of signals

7 score Mean amplitude of signals during
task period normalized by that of
signals during preceding rest period

RMS Root mean square of signals

Peak-to-Peak Peak-to-peak amplitude of signals

Number of Number of positive and negative

peaks peaks of signals

Zero Cross(ZC)

Lateralization

D_Area

D_Variance

D_Skewness

D_Kutosis

Number of crossing over baseline

Difference between cumulative values
of rectified bilateral signals(right
to left of the counterpart channels)
divided by the sum of those values

Cumulative value of the difference
waveform of bilateral signals (right
to left)

Variance of the difference waveform
of bilateral signals(right to left)

Asymmetry property of the difference
waveform of bilateral signals(right to
left)

Sharpness of the peak of the difference
waveform of bilateral signals(right to
left)
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Fig.2 Hemodynamic responses of two representative partici-

pants while listening to (a) most favorite song and
(b ) least favorite song. Black bold line and gray thin
line indicate the time courses of OxyHb and DeoxyHb
concentration changes, respectively. Vertical dotted
lines indicate the duration of music stimulus.
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Table 3 Mean classification rate in young adults and elderly

individuals using individually determined features.

Participant Majority Multidimensional

group voting[ %] classification[ %]
Young adults 86.311.8 69.61-20.8
Elderly 889+145 73.3+20.0
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Table 4 Mean classification rates in young adults and elderly

individuals using common features across participants.

Participant Majority Multidimensional

group voting[ %] classification[ %]
Young adults 735+15.6 745+16.8
Elderly 744+139 7224272
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Table 5 Mean classification rates in young adults and elderly
individuals using common features across participants
at specific INIRS channels.

Participant Majority voting Multidimensional
group [%] classification[ %]

Young adults

Channel 1 41.7+312 45.81+26.0

Channel 2 61.8+20.4 53.0+22.3

Channel 3 445%32.0 389£27.0

Channel 4 50.0£21.4 5491234
Elderly

Channel 1 4171250 55.0£224

Channel 2 63.3+£23.7 456247

Channel 3 4761243 50.0£32.1

Channel 4 50.0£24.7 53.3£30.5
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