Music Recommendation System Driven by Variations in Fingertip Skin Temperature
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Abstract

In recent years, music therapy has been performed to recover the cognitive function of elderly people. In the
previously reported system, it was necessary to input the subjective evaluation of the user to determine the next
recommended song. In this study, variations in fingertip skin temperature were used as input instead of subjective
evaluation, focusing on evaluation of emotion expressed as physiological response through variations in fingertip
skin temperature. Our system can be used with no support for users, such as patients who have severe dementia or

are bedridden and cannot respond readily.

Keywords: Music recommendation system, Music therapy, Peripheral skin temperature.

1. Introduction

In recent years, against the backdrop of increasingly
aging societies in developed countries such as Japan,
activities using music for the elderly ("music therapy")
have been used with the aim of improving recognition
ability. We previously developed music recommendation
systems for music therapy for older people.!

However, in the previously reported music
recommendation system,' it was necessary to input the
subjective evaluation of the user ("I want to listen to it
again" or "I don't want to listen to it again") into the
recommended music in order to determine the next
recommended song. Therefore, in the case of a user who
has difficulty in responding by himself/herself, such as a
dementia patient, the support of a caregiver may be
required, and the problem of securing human resources
hinders the use of our system.

In this study, we focused on the evaluation of
emotions by measuring peripheral skin temperature,’
developed a method for determining recommended
songs based on the physiological evaluation of the user,
and evaluated our system.

2. Related Studies

We now briefly explain the systems used in our
previous study' and another study,> which we build
upon to evaluate emotions in this study.

2.1. Previously reported system for music
recommendation

The method for music recommendation used in this
study is based on a previously reported methods.!
Similar to the previously reported
recommendation system,! our system is a hybrid system
for improving recognition ability using collaborative
filtering and impression words.? See the paper! for detail
on the music recommendation module in our system.

music

2.2. Evaluation of emotions by measuring
peripheral skin temperature

In the study by Watanabe et al.> the subject watched a
horror video and an environmental video alternately, and the
peripheral skin temperatures of the subjects viewing the
videos were measured. Three peripheral parts, the front of
auricle, the nose, and the back of the right index finger were
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measured, and temperature changes were compared and
examined. No significant change was observed in the skin
temperature on the front of the auricle and on the nose.
However, the skin temperature on the back of the fingers of
the right hand decreased when viewing the horror video
and increased when viewing the environmental video.
From this result, the influence of autonomic nerve activity
appears to be reflected strongly in the peripheral skin
temperature of the fingertip as a change in blood flow due
to vasoconstriction.

3. Construction of a physiological evaluation
method for music

A physiological evaluation method for music, which
measures the peripheral skin temperatures of subjects
listening to music, will be described. In this study, we
selected the pad of the left index finger as the peripheral
part for measuring temperature.

3.1. Changes in peripheral skin temperature while
listening to music

In order to evaluate emotions by measuring peripheral
skin temperature in a music recommendation system,
we investigated the changes in peripheral skin
temperature of subjects listening to music.

When subject A (a female in her twenties) listened to
her favorite song ("Canon,” composed by Johann
Pachelbel) and least favorite song ("Mystery III -
Heterophony for Swirl Butoh -," composed by Akira
Nishimura), the peripheral skin temperature tended to rise
while listening to her favorite song and decreased while
listening to her least favorite song (Figures 1 and 2).

3.2. Determination of threshold for changes in
peripheral skin temperature

Similar to the previously reported music
recommendation system,' the system used in this study
determines the next recommended song by inputting a
evaluation value (typing in "1" if you want to listen to
the song again, or "0" if you don't want to listen to the
song again). In this study, we determined the threshold
value for dividing "1" when "physiologically
preferable" and "0" when "physiologically unfavorable"
based on the change in peripheral skin temperature.
Based on the results of the preliminary experiment,
0.4°C (the temperature difference between the
maximum temperature and the subsequent minimum
temperature) and 180 seconds (the elapsed time since

the subject had begun listening to music) were set as the
threshold values.
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Fig. 1. Changes in peripheral skin temperature when listening

to music (Favorite song).
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Fig. 2 Changes in peripheral skin temperature when listening
to music (Least favorite song).

3.3. Binarization of physiological evaluation

Using the two thresholds described in subsection 3.2, the
music being listened to was judged to be "Physiologically
favorable (1)" or "Physiologically unfavorable (0)" based
on the temperature change of the peripheral skin when
listening to the music. Figure 3 shows the judgment
processing flow for the physiological evaluation of music.
In Figure 3, the elapsed time from the start of
measurement is indicated by "time," and the measured
temperature at that time is indicated by "temp." The
maximum temperature from the start of measurement to
that point is indicated as "max," and the difference
between "max" and "temp" is indicated as "dif."

4. Experimental evaluation

4.1. Conditions

The music recommendation system® used in this study is
an improved version of the previously reported system.!
The improved system can support multiple music
databases, and is mainly aimed at the elderly. It was
reported that elderly people tend to choose songs that
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are the subject of elementary school music textbooks as
familiar songs (favorite songs).” Therefore, we selected a
CD described as an anthology of older songs enjoyed by
older people with dementia, and selected 52 songs on the
CD that were also included in a music textbook database
for elementary schools as well as 58 popular songs.® There
were a total of 10 subjects: 4 females in their 20s (Subjects
A to D), 5 males in their 20s (Subjects E to I), and 1 male
in his 60s (Subject J). For programming, we used Visual
C++ 6.0 (Microsoft) on a PC (Dell Optiplex790, CPU:
Intel Corei7-2600 3.40GHz, main memory: 4.00 GB, and
OS: Windows 7 Professional, Microsoft) for the
experiment. We used a digital temperature and relative
humidity sensor SHT117 to measure temperature.

4.2. Results and discussion

4.2.1. Concordance rate

Table 1 shows the results of the concordance rate
between the physiological evaluation and the subjective
evaluation. The concordance rate of all experimental
results was relatively high, with an average of 70.9%.
However, since there is a large difference in the

Music Recommendation System Driven

concordance rate between subjects (Table 1),
improvements such as reviewing the threshold are
considered necessary. In addition, depending on the
subject, the concordance rate of either the children’s
song or the popular song is high, and the concordance
rate of the other is low. Therefore, it would appear that
there are some problems that cannot be solved only by
adjusting the threshold value.

4.2.2. Correct answer rate of music recommendation

Table 2 shows a comparison of the percentage of correct
answers for the song recommendation results. The
percentage  of the
recommendations was relatively low. The probable
reason for this was that many of the subjects were
relatively young, not elderly people who were originally
targeted by our system. As an example, a male in his 60s
(Subject J) had a relatively high percentage of correct
answers (73.3-83.3%) in both the physiological and
subjective evaluations. Figure 4 shows the change in
peripheral skin temperature for the song that Subject J
judged to be his "favorite song" in both the physiological
and subjective The peripheral

temperature gradually increased over time (Figure 4).
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Fig. 4. Changes of subject J in peripheral skin temperature
when listening to music (Favorite song).
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Subject J (a male in his 60s) had a high rate of
accuracy for both children’s songs and popular songs.
From this, the selection of the music database is
considered to be one of the factors that contributed to
the low recommendation accuracy for one of the
subjects who was in their 20s. In future research, we
plan to conduct experiments that focus on the elderly.
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Table | Experimental results.’

Subject A B C D E F G H 1 J Total
Number of recommended songs 15 15 15 15 15 15 15 15 15 15 150
Evaluation value 10|10 1 {of1{0|1]|0|1]|O0]|1|O0| 1 ]|O|1]|O 1 (0] 1 0
Physiological evaluation 817|5|10]6 [9|6]9[7|8|9] 6 [8|[7|10]|5][8]|7 111478 |72
Children's | Subjective evaluation 9|68 7 141968751078 [11]|4|5]10[13]2]89]6l
songs .
Number of concordances: 86|35 |6 |1 |5]|5]|a4la]|s5|6|7|7|8|2]2]4]11]2]59]4
Individual
Number of concordances: All 14 8 7 10 8 11 14 10 6 13 101
Concordance rate (%) 93.3 53.3 46.7 66.7 | 53.3 73.3 93.3 66.7 40 86.7 67.3
Number of recommended songs 8 11 10 10 9 8 8 8 9 12 93
Evaluation value 10|10 1 ({of1{0|1]|O0]|1]|]O0O]|1|O0O| 1 ]|O|1]|O 1 (0] 1 0
Physiological evaluation 31513 8 9 1 {82631 713|156 |2|6]3 10 | 2| 55| 38
Popular Subjective evaluation 3|5(6|5 (10|08 (2|27 |26 |[5|3]|7|[1]|5] 4 9 | 3]57] 36
songs .
& Number of concordances: s{sf{uls|ool7|t]2al3[t|e|2a]l2ale|1]al2]o]2]a]2s
Individual
Number of concordances: All 8 4 9 8 5 7 4 7 6 11 69
Concordance rate (%) 100 36.4 90 80 55.6 87.5 50 87.5 66.7 91.7 74.5
Table 2 Recommendation accuracy.’
Subject A B C D E F G H 1 J Total
. Physiological evaluation (%) 533 | 333 40 40 46.7 60 533 | 66.7 53.3 73.3 52
Children's songs — -
Subjective evaluation (%) 60 53.3 93.3 60 | 53.3 | 333 | 46.7 | 73.3 333 86.7 59.3
Physiological evaluation (%) 375 | 273 90 80 | 66.7 | 12.5 | 375 75 66.7 83.3 57.6
Popular songs . -
Subjective evaluation (%) 37.5 | 545 100 80 | 222 25 62.5 | 87.5 55.6 75 60

5. Conclusion

By focusing on the evaluation of emotions by measuring
the peripheral skin temperature, we have developed a
music recommendation system that inputs subjective
evaluations using peripheral skin temperature. This
system can be used even when users who cannot respond
actively, such as patients with severe dementia or
bedridden patients, are not supported by a caregiver. The
concordance rate between the physiological evaluation
and the subjective evaluation varied depending on the
subject and the music genre. One of the factors is that
the threshold is set for one subject. In addition to music,
there are many factors that affect peripheral skin
temperature, such as room temperature and the physical
condition of the subject.
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