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Abstract: This paper introduces an individual difference in the 
activities of the prefrontal cortex when a person wants to listen to 
music using near-infrared spectroscopy. The individual 
differences are confirmed by visualizing the variation in 
oxygenated hemoglobin level. The sensing positions used to 
record the brain activities are around the prefrontal cortex. The 
existence of individual differences was verified by experiments. 
The experiment results show that active positions while feeling a 
wish to listen to music are different in each subject, and an 
oxygenated hemoglobin level is different in each subject 
compared to its value when a subject does not feel the wish to 
listen to music. The experiment results show that it is possible to 
detect a wish to listen to the music based on changes in the 
oxygenated hemoglobin level. Also, these results suggest that 
active positions are different in each subject because the 
sensitivities and how to feel on stimulus are different. Lastly, the 
results suggest that it is possible to express the individual 
differences as differences in active positions. 

Keywords : individual differences, near-infrared spectroscopy , 
wish to listen to music, prefrontal cortex activity, music therapy  

I. INTRODUCTION

Music therapy and music refresh methods are to control
human mental state and be enjoyed by human lives. There two 
kinds of music therapy, passive music therapy and active 
music therapy. In active music therapy, the instrument such as 
a guitar, piano, or drums are played, which should bring 
happiness and joy to one person who is plating the instrument. 
By enjoying the music, the person’s mental state is controlled, 
and it becomes stable. However, a person should play an 
instrument with a music therapist, and it is not easy to perform 
active music therapy. Moreover, the music played for music 
therapists cannot be easily specified because people have 
different preferences and different feelings about music. On 
the other hand, in passive music therapy, a person listens to 
music, and controls his mental. The passive music therapy can 
be conducted easily because a person only listens to music. 
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However, it is not easy to specify effective music for a 
particular person. The music to be listened to is selected based 
on the facts whether a person likes it, whether it matches the 
person’s mood, whether the person knows it, and whether the 
person wants to listen to it continuously, respectively. 
However, these factors are difficult to be determined. Once 
they are determined, effective music to control a person’s 
mental health can be specified easily.  

This paper uses the brain activity analysis technique to 
detect the aforementioned factors because these factors are 
created in the human brain. Although all the factors to select 
the music are important, this paper focuses on the factor of 
whether a person wants to listen to specific music 
continuously because the influence of the music that a person 
wants to listen to, has a strong influence on the person’s 
mental state. At present, there are many techniques for brain 
activity analysis, such as electroencephalogram (EEG) 
analysis [1][2], functional near-infrared light 
imaging/functional near-infrared spectroscopy (fNIRS) 
analysis [3]-[21], functional magnetic resonance imaging 
analysis, and many others. However, this paper employs the 
fNIRS to analyze the brain activities related to the factors to 
select the music to listen to. The fNIRS measures the activities 
of the brain by sensing variation in both the oxygenated 
hemoglobin (oxy Hb) and the deoxygenated hemoglobin 
(deoxy Hb). Then, the prefrontal cortex activities are studied 
because these activities relate to the person’s emotions, 
sensibility, and KANSEI. Here, brain activity analysis shows 
an individual difference. Particularly, the brain activities 
related to the person’s emotion, sensibility, KANSEI, and 
decision-making with emotion, have a large individual 
difference. In this paper, it is assumed that the individual 
difference expresses the differences in activation positions in 
the brain and activation actions of each sensing position. 
Accordingly, this paper analyzes the individual difference. 

The individual differences in brain activities while feeling a 
wish to listen to music continuously are confirmed and 
analyzed by experiments. 

II. RELATED WORKS 

There have been many studies related to brain activity 
analysis using fNIRS. By analyzing the prefrontal cortex 
activities, Pinti et al. [3] showed that fNIRS and thermal 
infrared imaging had strong coherence for low-frequency 
components. The task was a 
cognitive task. Yennu et al. [4] 
introduced a method for the 
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evaluation of abnormal activities of the prefrontal cortex. The 
task was the Stroop task. Ho et al. [5] introduced a method to 
classify the stress levels related to the mental workload levels. 
The proposed method employed the principal component 
analysis and convolutional neural networks. This method 
achieved average recognition accuracy higher than 65%. 
Minematsu et al. [6] introduced a method to evaluate human 
preference on foods and drinks. The results of experiments 
showed that the pleasantness of foods and drinks could be 
determined using the changes in the oxy Hb level. Tanveer et 
al. [7] proposed a method to detect drowsiness using deep 
neural networks, and the mean recognition accuracy of more 
than 99% was achieved. Foy et al. [8] introduced a method to 
investigate the higher accident risk in young drivers. Their 
experimental results showed that the prefrontal cortex 
activities of young drivers became low compared with those 
of old drivers when tasks were the one-following and 
four-overtaking tasks. 

From the analysis of prefrontal cortex activities using the 
auditory stimulus, Jeong et al. [9] developed a new method or 
auditory attention deficits when an analyzed position was left 
dorsolateral prefrontal cortex. The experimental results 
suggested that the proposed mechanism served as a 
bio-marker. Balconi et al. [11] introduced a method to 
evaluate human emotions using visual and auditory stimulus. 
The experimental results proved the method’s effectiveness 
for both left and right prefrontal cortex activities. 

The fNIRS analysis is employed to evaluate brain activities, 
mental workload levels, preference, and other related factors. 
Therefore, mental changes can be determined by fNIRS 
through the analysis of prefrontal cortex activities. Although 
human brain activities related to emotions, sensibility, and 
KANSEI have shown individual differences, to the best of the 
authors’ knowledge, there has been no study that discusses the 
individual differences in prefrontal cortex activities related to 
the emotions, sensibility, and KANSEI. 

III. EXPERIMENTS 

In order to confirm the individual differences in prefrontal 
cortex activities while the subject wants to listen to music 
continuously, the experiments were conducted. In the 
experiments, six healthy persons with the mean age of 22.5 
years, were included. The OMM-3000 device made by 
Shimazu corporation in Japan was employed to record the 
prefrontal cortex activities, and it is shown in Fig. 1. The 
OMM-3000 sensed the variation in both the oxy Hb and the 
deoxy Hb because the absorption rates of the near-infrared 
light of oxy Hb and deoxy Hb were different. The sensing 
positions were in the frontal cortex, as shown in Fig. 2. In Fig. 
2, the red circles denote the probes for the entrance of the 
near-infrared light, and blue circles denote the light-receiving 
probes. The measurement positions of oxy Hb and deoxy Hb 
are denoted from 1 to 24 in Fig. 2. In the experiments, the 
subjects were sat on the chair and had the OMM-3000 probes 
attached to their heads, while sensing the oxy and deoxy Hb. 
The time course consisted of four intervals: rest time that 
lasted for 15 seconds, task time that lasted for 15 seconds, 
time for answering the questionnaire that lasted for 15 
seconds, and deep-breathing time that lasted for 1 second and 

was used as a set. During the rest time, the subjects were asked 
to count in their minds without speaking. During the task time, 
the subjects listened to music. During the time for answering 
the questionnaire, the subject answered the questionnaire that 
included the following three questions: “Do you want to listen 
to music continuously?”; “Do you let music pass?”; “Do you 
skip music?” During the deep-breathing time, the subjects 
steadied their breathing. The subjects conducted ten sets per 
day. Also, the music for listening to was prepared by the 
participants. 

The target positions for analyzing the brain activities were 
7, 9, 10, 12, 18, 20, 21 and 23 (refer to Fig. 2), which were 
positions around the prefrontal poles that are related to 
emotion, sensibility, KANSEI and decision-making with 
emotions and are free of noise influence caused by hair. 
 

 
Fig. 1. The image of the OMM-3000 device used to record 
brain activities. 
 
 

 
Fig. 2. Positions to the record brain activities of the prefrontal 
cortex. Blue and red circles denote probe positions (blue: 1- 9, 
red: 1-10). Blue numbers 1-24 denote measurement positions. 

IV. RESULTS AND DISCUSSIONS 

The sample results of variation in oxy and deoxy Hb on the 
subjects A-F are presented in Figs. 3-8, respectively. In Figs. 
3 and 4, the changes in oxy Hb in 
positions 7, 9, 10, 12, 18, 20, 21, 
23 were unique selected when the 
subject would like to listen to the  
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  (a)                                                                                                               (b) 

Fig. 3. Samples of variation in the oxy and deoxy Hb levels of subject A when the subject (a) wanted and (b) did not want to 
listen to the music continuously. Red squares denote target positions used for analyzing the brain activities. Black line denotes 
the borderline between the rest time and the task time. Red-, blue- and green lines denote the oxy, deoxy and total, respectively. 

 
  (a)                                                                                                               (b) 

Fig. 4. Samples of variation for subject B when the subject (a) wanted and (b) did not want to listen to the music continuously. 
All the labels are the same as in Fig. 3. 

 
  (a)                                                                                                               (b) 

Fig. 5. Samples of variation for subject C when the subject (a) wanted and (b) did not want to listen to the music continuously. 
All the labels are the same as in Fig. 3. 

music continuously. Although the changes of oxy Hb from the 
rest time to the task time in Figs. 3 and 4(b) were fewer, the 
changes in Figs. 3 and 4(a) were a lot, and the oxy Hb 
increased f or all the measurement positions. These results 

suggest that it was possible to detect a wish to listen to the 
music by confirming the 
changes in oxy Hb level. The 
positions 7, 9, 10, and 12  
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  (a)                                                                                                               (b) 

Fig. 6. Samples of variation for subject D when the subject (a) wanted and (b) did not want to listen to the music continuously. 
All the labels are the same as in Fig. 3. 

 

 
  (a)                                                                                                               (b) 

Fig. 7. Samples of variation for subject E when the subject (a) wanted and (b) did not want to listen to the music continuously. 
All the labels are the same as in Fig. 3. 

 

 
  (a)                                                                                                               (b) 

Fig. 8. Samples of variation for subject F when the subject (a) wanted and (b) did not want to listen to the music continuously. 
All the labels are the same as in Fig. 3. 

corresponded to the right prefrontal cortex, while positions 18, 
20, 21, and 23 corresponded to the left prefrontal cortex. The 
experimental results suggest that the right and left prefrontal 

cortex of subjects A and B became 
active when these subjects had 
positive emotion on the music they 
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were listening to.  
In Fig. 5, the changes in the oxy Hb level in positions 18, 20, 

21, 23 were unique when the subject would like to listen to the 
music continuously (Fig. 5(a)). Although the changes in the 
oxy Hb level from the rest time to the task time in Fig. 5(b) 
were fewer, while there were a lot of changes in oxy Hb 
increased on the left prefrontal cortex, as shown in Fig. 5(a). 
According to the obtained results, it was possible to detect a 
wish to listen to the music by confirming the changes in the 
oxy Hb on the left prefrontal cortex. Also, the experimental 
results suggested that the left prefrontal cortex of subject C 
became active when the subject has positive emotion on the 
music he was listening to. In Fig. 6, the changes in oxy Hb in 
positions 18, 21 were unique, which was when the subject 
would like to listen to the music continuously (Fig. 6(a)). 
Although the changes in oxy Hb from the rest time to the task 
time were fewer in Fig. 6(b), the changes in Fig. 6(a) were 
numerous, and oxy Hb increased in part corresponding to the 
left prefrontal cortex. These results suggest that it was 
possible to detect a wish to listen to the music by confirming 
the changes in oxy Hb in the left prefrontal cortex. Further, the 
experimental results suggest that the left prefrontal cortex of 
subject D became active when the subject had positive 
emotion on the music he was listening to. In Fig. 7, the 
differences between the changes in oxy Hb at the rest time and 
task time were a few, and both of them increased. In Fig. 8, the 
differences between the changes in oxy Hb at the rest time and 
the task time were a few, and both of them decreased. These 
results suggest that the differences feel the effect of conditions 
of listening to music and information, which the subject E and 
F wanted to listen to the music continuously, was buried in 
information, which the subject E and F listened to the music. 

The difference between the changes in oxy Hb of the rest 
time and the task time of each subject were as follows. For 
subjects A and B, the difference became apparent in positions 
7, 9, 10, 12, 18, 20, 21, and 23; for subject C, the difference 
became apparent in positions 18, 20, 21, and 23; for subject D, 
the difference became apparent in positions 18 and 21; and 
lastly, for subjects E and F, it could not be possible to confirm 
information whether these subjects wanted to listen to music 
continuously. The active positions were different on each 
subject. These results suggested that the active positions were 
different for each subject because the subject sensitivity and 
the way how the subjects feel on the stimulus were different. 
Consequently, it can be concluded that it is possible to express 
the individual differences as the differences in the active 
positions.  

V. CONCLUSIONS 

This paper introduced the individual difference in the 
prefrontal cortex activities obtained using fNIRS when the 
subjects would and would not like to listen to music. The 
individual differences were confirmed by visualizing the 
changes in oxy Hb. The sensing positions to record the brain 
activities were around the prefrontal cortex. The experiments 
were conducted to confirm individual differences. The 
experimental results showed that the oxy Hb in active 
positions, when the subject would like to continuously listen 
to music, was different from the case when the subject would 

not like to listen to music, for each of the subjects. These 
results suggested that it was possible to detect a wish to listen 
to the music by confirming the changes in oxy Hb. Also, these 
results suggested that the differences between the subjects 
were caused by their differences in sensitivity and how they 
feel on stimulus. 

The results presented in this work confirm that it is possible 
to express the individual differences as differences in the 
active positions. In our future work, we will develop a method 
to detect the information that the subject would like to 
consciously listen to music.  

ACKNOWLEDGMENT 

This work was a part of the research cluster of Tokushima 
University: A study to detect responses related to answering 
questions based on analysis of brain activities. We thank the 
healthy students who volunteered in the experiments for 
recording brain activities. Further, we are grateful to 
Professor Kenji Mori from Tokushima University for 
facilitating the use of the fNIRS system at Tokushima 
University Hospital. 

REFERENCES 
1. I. Daly, D. Williams, F. Hwang, A. Kirke, E. R. Miranda, and S. J. 

Nasuto, “Electroencephalography reflects the activity of sub-cortical 
brain regions during approach-withdrawal behaviour while listening to 
music,” Sci. Rep., Vol. 9, 2019, pp. 9415. 

2. S. -I. Ito, M. Ito, and M. Fukumi, “An electroencephalogram analysis 
method to detect preference patterns using gray association degrees 
and support vector machines,” Adv. Sci. Technol. Eng. Syst. J., Vol. 3, 
No. 5,, 2018, pp. 105–108. 

3. P. Pinti, D. Cardone, and A. Merla, “Simultaneous fNIRS and thermal 
infrared imaging during cognitive task reveal autonomic correlates of 
prefrontal cortex activity,” Sci. Rep., Vol. 5, 2015, pp. 17471. 

4. A. Yennu, F. Tian, A. Smith-Osborne, R. J. Gatchel, F. L. Woon, H. Liu, 
“Prefrontal responses to Stroop tasks in subjects with post-traumatic 
stress disorder assessed by functional near infrared spectroscopy,” Sci 
Rep., Vol. 6, 2016, pp. 30157. 

5. T. K. Khanh Ho, J. Gwak, and C. M. Park, “Discrimination of mental 
workload levels from multi-channel fNIRS using deep leaning-based 
approaches,” IEEE Access, Vol. 7, pp. 24392–24403, 2019. 

6. Y. Minematsu, K. Ueji, and T. Yamamoto, “Activity of frontal pole 
cortex reflecting hedonic tone of food and drink: fNIRS study in 
humans,” Sci Rep., Vol. 8, 2018, 16197. 

7. M. A. Tanveer, M. J. Khan, M. J. Qureshi, N. Naseer, K. Hong, 
Enhanced drowsiness detection using deep learning: An fNIRS study, 
IEEE Access, Vol. 7, 2019, pp. 137920–137929. 

8. H. J. Foy, P. Runham, and P. Chapman, ‘Prefrontal cortex activation and 
young driver behaviour: A fNIRS Study,” PLOS One, Vol. 11, No. 5, 
2016, pp. 1–18. 

9. E. Jeong, H. Ryu, J.H. Shin, G. H. Kwon, G. Jo, and J. Y. Lee, “High 
oxygen exchange to music indicates auditory distractibility in acquired 
brain injury: An fNIRS Study with a vector-based phase analysis,” Sci 
Rep., Vol. 8, 2018, pp. 16737. 

10. A. Tachibana, J. A. Noah, Y. Ono, D. Taguchi, and S. Ueda, “Prefrontal 
activation related to spontaneous creativity with rock music 
improvisation: A functional near-infrared spectroscopy study,” Sci 
Rep., Vol. 9, 2019, pp. 16044. 

11. M. Balconi and M. Elide Vanutelli, “Hemodynamic (fNIRS) and EEG 
(N200) correlates of emotional inter-species interactions modulated by 
visual and auditory stimulation,” Sci. Rep., Vol. 6, 2106, pp. 23083. 

12. Y. Zheng, D. Zhang, L. Wang, Y. Wang, H. Deng, S. Zhang, D. Li, D. 
Wang, “Resting-state-based spatial filtering for an fNIRS-based motor 
imagery brain-computer interface,” IEEE Access, Vol. 7, 2019, pp. 
120603–120615.  

13. S. Lee, Y. Shin, A. Kumar, M. Kim, 
and H. N. Lee, “Dry 
electrode-based fully isolated 
EEG/fNIRS hybrid 
brain-monitoring system, IEEE 



 
Paper of the Title 

6 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: paper_id//2019©BEIESP 
 DOI: 10.35940/ijrte.xxxxx.xxxxxx 
 

 

 

 

Transact. Biomed. Eng., Vol. 66, 2019, pp. 1055–1068. 
14. D. Liu, B. Wang, T. Pan, J. Li, Zhuanping Qin, L. Zhang, Z. Zhou, and F. 

Gao, “Toward quantitative near infrared brain functional imaging: 
Lock-in photon counting instrumentation combined with tomographic 
reconstruction,” IEEE Access, Vol. 7, 2019, pp. 86829–86842. 

15. F. Al-Shargie, T. B. Tang, and M. Kiguchi, “Stress assessment based on 
decision fusion of EEG and fNIRS signals,” IEEE Access, Vol. 5, 2017, 
pp. 19889–19896. 

16. S. Ge, M. -Y. Ding, Z. Zhang, P. Lin, J. -F. Gao, R. -M. Wang, G. -P. 
Sun, K. Iramina, H. -H. Deng, Y. -K. Yang, and Y. Leng, 
“Temporal-spatial features of intention understanding based on 
EEG-fNIRS bimodal measurement,” IEEE Access, Vol. 5, 2017, pp. 
14245–14258. 

17. N. Liu, C. Mok, E. E. Witt, A. H. Pradhan, J. E. Chen, A. L. Reiss, 
“NIRS-Based hyperscanning reveals inter-brain neural 
synchronization during cooperative jenga game with face-to-face 
communication,” Front. Hum. Neurosci., Vol. 10, 2016, pp. 82. 

18. K. Hirata, K. Egashira, K. Harada, M. Nakashima, M. Hirotsu, S. 
Isomura, T. Watanuki, T. Matsubara, Y. Kaku, H. Kaneyuki, Y. 
Watanabe, and K. Matsuo, “Differences in frontotemporal dysfunction 
during social and non-social cognition tasks between patients with 
autism spectrum disorder and schizophrenia,” Sci. Rep., Vol. 8, 2018, 
pp. 3014. 

19. S. Keshmiri, H. Sumioka, R. Yamazaki, M. Shiomi, and H. Ishiguro, 
“Information content of prefrontal cortex activity quantifies the 
difficulty of narrated stories,” Sci. Rep., Vol. 9, 2019, pp. 17959. 

20. U. Asgher, R. Ahmad, N. Naseer, Y. Ayaz, M. J. Khan, and M. K. 
Amjad, “Assessment and classification of mental workload in the 
prefrontal cortex (PFC) using fixed-value modified Beer-Lambert 
law,” IEEE Access, Vol. 7, 2019, pp. 143250–143262. 

21. J. M. Baker, N. Liu, X. Cui, P. Vrticka, M. Saggar, S. M. H. Hosseini, 
and A. L. Reiss, “Sex differences in neural and behavioral signatures of 
cooperation revealed by fNIRS hyperscanning,” Sci. Rep., Vol. 6, 
2016, pp. 26492. 

AUTHORS PROFILE 
 

Shin-ichi Ito received the B. E. and M. E. degrees 
from the University of Tokushima in 2002 and 2004, 
respectively, and the D. E. degree from Tokyo University 
of Agriculture and Technology in 2007. He has worked at 
Japan Gain the Summit Co., Ltd. and Tokyo University of 

Agriculture and Technology as a System Engineer and a 
Specially Appointed Assistant Professor, in 2004 and 2007, respectively. 
Since 2009, he has been an Assistant Professor at Tokushima University. His 
current research interests are EEG analysis, bio-signal processing, and 
information visualization. He is a member of IEEE, IEICE, JSMBE, and 
IEEJ. 

 
  

Momoyo Ito received B.E., M.E., and D. E. degrees in 
computer science from Akita University, Japan in 2005, 
2007, and 2010, respectively. She was an Assistant 
Professor from 2010 to 2016 at Tokushima University. 
Since 2016, she has been an Associate Professor at 

Tokushima University. Her current research interests are human behavior 
analysis and intelligent transportation systems for active safety. She is a 
member of IEEE, JSAE, IEICE, IPSJ, and JSME. 
 
 
 

 
Minoru Fukumi received the B.E. and M.E. degrees 

from the Tokushima University in 1984 and 1987, 
respectively, and the doctoral degree from Kyoto 
University in 1996. Since 1987, he has been with the 
Department of Information Science and Intelligent 

Systems, Tokushima University. In 2005, he became a Professor in the same 
department. He received the best paper awards from the SICE in 1995 and 
the Research Institute of Signal Processing in 2011 in Japan, and the best 
paper awards from some international conferences. His research interests 
include neural networks, evolutionary algorithms, image processing, and 
human sensing. He is a member of the IEEJ, RISP, JSAI, and IEICE. 


	I. INTRODUCTION
	II.  RELATED WORKS
	III. EXPERIMENTS
	IV. RESULTS AND DISCUSSIONS
	V. CONCLUSIONS
	ACKNOWLEDGMENT
	REFERENCES
	AUTHORS PROFILE

