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CreDDS Center  -  Concept / Purpose / Projects 

[Denomination] Creative Design and Data Science Center (CreDDS-C) 

[Establishment] April 1, 2022 

[Concept] 

Established as part of AIU’s 4th Medium Term Plan (2022~2027), which aims to transform 
AIU’s research, education and public engagement in the context of the pedagogic 
aspirations of Applied International Liberal Arts (AILA). 

Intended to be a central driver of innovative research, education and public engagement 
under the Institute for Applied International Liberal Arts (AILA Institute, est. March 2022). 

Will serve AILA Pedagogy from Levels 100~400 (undergraduate) and beyond 
(postgraduate). 

Will have a synergistic mutually supportive relationship with the Active Learning Center 
and the Center for Collaborative Research and Outreach with all three centers providing 
the impetus for the transformations anticipated under AILA. 

[Purpose] 

Designing and executing projects to nurture inspiring leaders who subscribe to the AILA 
ideals of integrating profound thought with decisive action in a transnational, 
transdisciplinary context. 

Meeting future needs of society and challenges facing the earth’s environment while 
consolidating on AIU’s strengths built up thus far contributing to pedagogic excellence 
and local-global partnerships. 

Integrating transformative technology with the essence of humanity to create caring 
societies and resilient communities which will contribute to furthering universal values of 
sustainability and inclusion. 

Adding value (environmental, social and economic) through innovative solutions by 
coupling evidence with insight to achieve the above through the medium of “propulsive 
projects”. 

[Projects] 

CreDDS Center Projects will integrate evidence with insight through the medium of 
“propulsive projects”, designed to add environmental, social and economic value. 

A propulsive project is defined as one which leads to a cluster of affiliated projects whose 
mutually synergistic relationship with each other could lead to an exponential increase in 
the above value propositions. 

The above projects are to be designed with both a “bird’s eye” and a “worm’s eye” view, 
namely, they will seek solutions to global grand challenges which have acute local 
impacts on communities and the environment. 

The project entry point will be challenges faced by local communities but in seeking 
solutions, the projects will explore collaborative national and transnational partnerships 
with institutions in AIU’s international collaborative ecosystem (ICE). 



 

 
 
 

—1— 

   CreDDS Center Ｒｅｐｏｒｔ 
Achievements in FY2022 

Contents 

 

                             

○ Faculty and Staff of CreDDS Center……………….…………….2 

                                   

 
○ Academic Achievements……………………………………………....5 

 
 

○ Grants Obtained………………………………………………………49 
 
 

○ Editor’s Postscript……………………………………………………..50 

                            

  

                                      



 
 
 

—2— 

Current Researchers and Staff Members 

 

Director 

 

Select Professor: Dr. Akitoshi SEIYAMA (Doctor of Science) 

Research Field: Medical Science, Biomedical Engineering, Data Science 
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Visiting Researcher 

Dr. Sayaka OKAHASHI (Ph.D.) 

 

Present affiliation and position 

National Center for Geriatrics and Gerontology 

Center for Gerontology and Social Science 

   Senior Research Fellow 

 

Research field and importance of collaboration 

Dr. Okahashi aims to realize ideal community-based comprehensive care. To achieve this 

goal, she is conducting observational and interventional studies that contribute toward solving 

the issues for older adults, such as preventing the adverse prognosis of dementia and 

improving the quality of life of individuals with dementia, those who need care, and their 

families. 

As practice, through developing a Virtual Reality and Augmented Reality technology, Dr. 

Okahashi is conducting research to observe how physical and mental functions and the level 

of care needs change in individuals with dementia and their families. Thereby, Dr. Okahashi 

is planning to develop care programs for individuals with dementia and their caregivers, verify 

their effectiveness, and examine measures for social implementation. The research field, 

concept and technology described above are important for our CreDDS programs, especially 

for the “Healthy Aging” program. 

 

 

Visiting Researcher 

Dr. Satoshi SASAYAMA (Doctor of Medical Science) 

 

Present affiliation and position 

Graduate School of Medicine Kyoto University, Human Health Sciences 

Advanced Medical Data Intelligence, Laboratory of Information Systems 

Associate Professor 

 

Research field and importance of collaboration 

   Dr. Sasayama aims to build a ubiquitous community home health care and nursing care 

cooperation system. He is developing a system that realizes smooth sharing of information 

between healthcare professionals and patients and their family members supporting home 

medical care. Further, he is constructing a bacterial database, an e-Learning system in the 

field of health science, and creating interactive teaching materials. 

As practice, Dr. Sasayama is engaging in development of "electronic contact notes for 
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home health care" using tablet terminals that are easy for the elderly to handle. Thereby, he 

is now practicing to provide his technology to make a close relationship between medical 

staffs at core hospitals and patient's families in Kyoto Prefecture. The research field, concept 

and technology described above are important for our CreDDS programs, especially for 

“Healthy Aging” program. 

 

 

Visiting Researcher 

Dr. Tatsuro MIURA (Doctor of Human Health Sciences) 

 

Present affiliation and position 

National Hospital Organization Kyoto Medical Center 

Division of Clinical Laboratory Science 

Part-time Laboratory Scientist 

 

Research field and importance of collaboration 

   Dr. Miura is working on analyses of various data and construction of sensor systems 

related to health sciences. At Kyoto Medical Center, he is engaging in measuring 

physiological function and biochemical tests for patients as a clinical laboratory staff member, 

while at Kyoto University School of Medicine, he has developed a noninvasive optical 

monitoring system for blood glucose concentration of diabetic patients. In addition, he has 

participated in the national projects, including those organized by the Ministry of Land, 

Infrastructure, Transport and Tourism, and the Ministry of Internal Affairs and 

Communications, and has engaged in developing biosensor systems and evaluating 

volunteers' physiological function using the sensor systems. His research field, concept and 

technology are important for the promotion of our CreDDS programs, especially for the 

boundary area between “Health & Human Well-being” and “Lifelines, Transport & Settlement 

System”. 

 

  



Development of an Electric Pegboard (e-Peg) for Hand Dexterity Improvement and Cognitive 
Rehabilitation: A Preliminary Study

Sayaka OKAHASHI,*, **, ***, # Kenta SAKAMOTO,†, †† Fumitaka HASHIYA,††† Keisuke KUMASAKA,‡ 
Taro YAMAGUCHI,‡‡ Akitoshi SEIYAMA,**, *** Jun UTSUMI‡‡

Abstract　　Fine motor dysfunction and cognitive impairments commonly develop after stroke, which great-
ly impact the daily lives of patients. In current occupational therapy, hand dexterity and cognitive functions are 
evaluated individually (e.g., by manipulation of small objects with �ngers, or a paper-and-pencil test), which is 
insuf�cient for therapists to grasp the total ability of combined dexterity and cognition in everyday situations. 
Additionally, the traditional methods require a tester to measure the completion time manually and tend to be 
monotonous for patients. These problems would be solved using technology. This study aimed to develop a new 
electric pegboard (e-Peg) prototype and to investigate preliminary utility in healthy adults. The system judges 
the peg insertion accuracy based on magnetism and records the time course and scores, which are linked to hu-
man object manipulation ability. The e-Peg executes three types of tasks: a basic color matching task (BT), a 
color comparison task using a pattern sheet (CT), and a visual memory task (MT), with one/two-color sample 
patterns. Six older and nine younger healthy adults performed the e-Peg tasks, functional tests, and responded 
to questionnaires. As a result, the number of correct answers in a bicolor symmetrical MT were signi�cantly 
greater in the younger group than in the older group. The older group required a signi�cantly longer comple-
tion time for BT and CT than the younger group. Signi�cant correlations were found between one-color BT/
CT and dexterity tests, between bicolor BT/CT and dexterity/cognitive tests, and between a bicolor MT and a 
cognitive test. Questionnaire results revealed that participants regarded BT/CT as easy/interesting tasks, 
whereas MT was considered a dif�cult/challenging task. In conclusion, our e-Peg is potentially a useful reha-
bilitation device that facilitates many tasks related to hand manipulation and attention/executive functions, and 
a valuable tool for personalized therapy.

Keywords:   electric pegboard, hand dexterity, cognitive functions, occupational therapy, digital rehabilitation 
device.

Adv Biomed Eng. 12: pp. 81–90, 2023.

1.　  Introduction

In the rapid aging society, the number of older patients 
(≥   65 years) continues to rise. The number of patients 
with cerebrovascular disease who received treatment, 
follow-up, or rehabilitation in Japan was approximately 
1.12 million in 2017, and more than 80% were older 
adults [1]. The average hospitalization time in the recov-
ery phase rehabilitation ward is approximately 70–85 
days [2]. Motor and sensory dysfunctions as well as cog-
nitive impairments such as inattention and memory dis-
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orders are common after stroke [3]. The symptoms great-
ly impact patients’ activities of daily living (ADLs) as 
well as other leisure, hobby and work activities. Occupa-
tional therapy (OT) is conducted in order to improve up-
per limb movement, hand dexterity, cognitive functions, 
and ADL abilities in particular.

Conventionally, hand skills and cognitive functions 
are evaluated separately using test batteries. A tester usu-
ally scores using a stopwatch manually. For instance, the 
Purdue Pegboard Test (PPT) [4, 5], Nine-Hole Peg Test 
(NHPT) [6], Grooved Pegboard Test (GPT) [7], O’Con-
nor Finger Dexterity Test [8], and Box and Block Test 
(BBT) [9, 10] are used to examine �ne manual dexterity. 
These are time-based tests used to de�ne performing 
skills, and their reliability has been established in clinical 
patients. (such as NHPT for multiple sclerosis [11]; 
NHPT and PPT for Parkinson’s disease [12]). Trail Mak-
ing Tests (TMT) [13, 14], Digit Span [15], and Symbol 
Digit Modalities Test [16] are used to examine attention, 
working memory, and perceptual speed. These tests are 
paper-and-pencil or oral tests that evaluate the number of 
correct answers and the time required to answer.

Currently, there are few clinical evaluation and exer-
cise methods that encompass a combination of motor 
and cognitive domains (for example, a PC typing task 
that copies a sample text or an exercise task using a com-
mercial game like Nintendo WiiTM) in OT, as these are 
often too dif�cult to perform for recovering patients with 
slow rough movements and low attention function, be-
cause the existing tasks require moderate- to high-level 
upper limb and cognitive functions.

These problems could be solved using technology. 
Recently, some studies reported epochal digital devices. 
A custom-made electronic pegboard test using an infra-
red sensor and microcontroller based on the NHPT [17] 

and a prototype of an electronic version of the GPT [18] 
have been developed. These electronic pegboards auto-
mate precise time calculation, but they were based on 
traditional pegboards and only focused on hand manipu-
lation assessments.

Accordingly, the present study aimed to develop a 
novel electric pegboard (e-Peg) prototype and investigate 
its utility in healthy adults. This paper proposes a e-Peg 
system that facilitates three easy to moderate cognitive 
level tasks, and reports the results of preliminary evalua-
tion experiments.

2.　  Materials and methods

2.1　  The e-Peg system
2.1.1　  Experimental apparatus
The e-Peg system comprises a main body that is 50 mm 
high, 180 mm wide, and 200 mm deep, with 16 (4 ×  4) 
hall sensor-incorporated holes on a top board that �t 
pegs. The system weighs 650 g including accessories 
consisting of 8 red and 8 blue color pegs (φ15 ×  50 mm) 
with neodymium magnet (φ8 ×  3 mm) at the bottom tip 
of each peg. The tip of the red peg is N-pole, and that of 
the blue peg is S-pole (Fig. 1a). There is also a liquid 
crystal display (LCD) screen and 6 navigation buttons 
for lights and sounds located on the side of the system 
(Fig. 1b). An examiner conducts an e-Peg task by oper-
ating these buttons while con�rming messages displayed 
on the LCD screen.

Each hole is illuminated in red or blue color after 
reading the task pattern from a built-in SD memory card 
programmed by an examiner in advance. When an exam-
inee inserts the peg with the same color of the lit hole, the 
system judges this as correct based on magnetism. It also 
emits two kinds of sounds, “pee” for a correct answer and 
“poo-poo-poo” for an incorrect answer. A short melody is 

Fig. 1　  The e-Peg system.  
(a) the main body with lights “off” and pegs; (b) the main body with lights “on” and illustrated navigation buttons.

Advanced Biomedical Engineering. Vol. 12, 2023.(82)
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played upon each task completion and green lights are 
also illuminated. The block diagram and software �ow-
chart are shown in Fig. 2. The electrical circuit diagram 
is shown in Supplementary Fig. 1.

Log data is recorded automatically in a comma sep-
arated value (CSV) format on the SD memory card (See 
Supplementary Table 1). The parameters included the 
peg holes operated, correct/incorrect determination, and 
the elapsed time after task initiation. The e-Peg housing 
and pegs were created with a 3D printer (Replicator +, 
MakerBot Industries, LLC.) using ABS �lament based 
on a blueprint designed by HILLTOP Corporation (Kyo-
to, Japan).

2.1.2　  Task setting
Three types of e-Peg tasks were created as follows:
●  A basic task (BT): The examinee inserted a peg with 

the same color as that of the hole lighting. Eight holes 
remained lit in red or blue until the task was complet-
ed, and response sounds were produced to indicate the 
match between the peg and hole (Fig. 3a).

●  A comparison task (CT): The examinee inserted a peg 
into a relevant hole based on the color and position on 
a printed design sheet placed in front of the e-Peg sys-
tem. Sounds were produced during the task, although 
the holes were not lit (Fig. 3b).

●  A memory task (MT): The examinee memorized the 
colors and positions of the lights on the main body by 
observing it for 5 seconds, after which he/she inserted 
the colored pegs into the matching holes. Response 
sounds were produced during the task performance, 
although the holes were not lit (Fig. 3c).

The examinees were required to manipulate the pegs 
individually as quickly as possible for each task condi-
tion under the instruction of an occupational therapist. In 
the case where a participant responded incorrectly and 
took over 10 seconds to insert the next peg, the examiner 
verbally explained that the participant could not provide 
any more answers and then switched on the LED lights 
to present the answers.

2.1.3　  Sample patterns
Twelve e-Peg sample patterns were created. Six patterns 
(Fig. 4, a–f) were selected for use in this study. Eight of 
the sixteen holes were lit, giving a light ratio of 50%. 
Two elements, light color and symmetry, were consid-
ered to set dif�culty levels: pattern a was composed of a 
one-color asymmetrical pattern; patterns b, c and d were 
bicolor symmetrical patterns; and patterns e and f were 
bicolor asymmetrical patterns.

2.2　  Data collection
The preliminary evaluation experiments aimed to exam- Fig. 2　The e-Peg system design.

Sayaka OKAHASHI, et al: e-Peg Development for Dexterity/Cognitive Rehabilitation (83)
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ine the following: 1) comparison of e-Peg performance 
by age group, 2) relationship between e-Peg scores and 
functional assessment, and 3) subjective evaluation.

2.2.1　  Participants
Six older and eleven younger healthy adults participated 
in this study. Written informed consent was obtained 
from all participants and the study was approved by the 
Ethics Committee at Kyoto University Graduate School 
and Faculty of Medicine (R2005-1). All participants 
were right-handed. The inclusion criteria were as fol-
lows: people who 1) could operate the e-Peg while sit-
ting for more than 30 minutes; 2) could communicate 
with the examiner in Japanese; 3) were generally inde-
pendent in their ADLs at home; 4) scored more than 24 
points on the Mini-Mental State Examination (MMSE); 
and 5) did not have any serious disease (e.g., cerebral 
nerve system or orthopedic disease of the upper limbs 
with sequela).

2.2.2　  The e-Peg test and a questionnaire
The participants sat in a chair with the soles of their feet 
placed on the �oor. They were seated at one-�st width 
from the edge of a desk measuring 70 cm high, 159 cm 
wide, and 69 cm deep in a silent room. The height of the 
desktop was adjusted based on the participants’ elbow 
positions when their arms were down and their elbows 
were bent at 90 degrees. The e-Peg main body was placed 
in front of each participant. The eight red and eight blue 
pegs were set upright alternately on a wooden setting 

board (SAKAI Medical Co., Ltd.) placed on the right 
side of the main body (Fig. 5). The participants per-
formed the e-Peg task with the dominant right hand in 
the following order: BT (using patterns a and b), CT (us-
ing patterns a and c), and MT (using patterns b, d, e and 
f). The number of correct answers and completion time 
were used to calculate e-Peg score.

A �ve-point scale questionnaire was conducted after 
the e-Peg tasks to evaluate subjective user-friendliness, 
interest level, and dif�culty level of each task.

2.2.3　  Upper limb/ cognitive function tests
The grip and pinch strength were used to measure upper 
limb muscle power; the BBT and PPT were used to eval-
uate hand dexterity. Attention and executive function 
were assessed by the TMT. MMSE was conducted for 
older adults as a general cognitive screening.

The BBT standardized by Mathiowetz et al. [9] in 

Fig. 3　  Three types of e-Peg tasks.  
Presented from an examinee’s point of view.

Fig. 4　  Sample patterns.  
The 6 patterns with bold borders were adopted in 
this study, presented from an examinee’s point of 
view.

Fig. 5　Scene of the experiment.

Advanced Biomedical Engineering. Vol. 12, 2023.(84)
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1985 is an elaborate test in which a person is required to 
move a maximum number of 25-mm cubic blocks from 
one box to another within 60 seconds [9, 10]. The PPT 
developed by Joseph in 1948 is a �nger and upper limb 
manipulability test [4] that requires a person to pick up 
pins and �ll in peg holes starting from the topmost hole; 
the test may be executed using one hand or both hands 
within 30 seconds. The TMT requires participants to link 
numbers (1–25) in ascending order (in part A: TMT-A), 
or numbers (1–13) and Hiragana characters (“a”–“shi”) 
alternately in ascending order (in part B: TMT-B) with a 
single stroke of a pencil without error as quickly as pos-
sible. This test assesses task transition and attention 
switching [13, 14].

2.3　  Data analysis
Comparisons between the two groups were performed 
using Wilcoxon’s rank sum test for the demographic data 
and the e-Peg scores. Spearman’s correlation was per-
formed to determine the association between e-Peg 
scores and dexterity or cognitive scores. Differences 
were reported signi�cant if p <  0.05. Analyses were con-
ducted using JMP Pro 16.2 (SAS Institute Inc.).

3.　  Results

3.1　  Demographic data
The results obtained from a total of 15 healthy adults (six 
older and nine younger) are reported as below. The data 
of two young adults were excluded due to equipment 
failure. Dexterity (BBT, PPT) with a dominant hand and 
cognitive function (TMT-A and -B) were signi�cantly 
better in the younger group than in the older group (Ta-
ble 1).

Six out of eight e-Peg task performance scores are 

reported below. The abbreviated task names and com-
ments are shown in Table 2. The MT scores using two 
patterns (pattern b which was a practice task and pattern 
f having plural empty values) were excluded from data 
analysis.

3.2　  The e-Peg performance
Both age groups marked the full number of correct an-
swers in BT/CT, but the number of correct answers were 
signi�cantly greater in the younger group than in the old-
er group in a MT using a bicolor symmetrical pattern 
(Fig. 6a). The older group required a signi�cantly longer 
time to perform both BT and CT than the younger group 
(Fig. 6b).

3.3　  Relationship between e-Peg score and dexterity/
cognitive tests

There were signi�cant negative correlations between 
one-color BT/CT and dexterity tests. There were signif-
icant correlations between bicolor BT/CT and dexterity/
cognitive tests. A signi�cant negative correlation be-
tween bicolor MT-1 and cognitive test (TMT-B) was also 

Table 1　Demographic data of the participants.

Participants
Older group

(n =  6)
Younger group

(n =  9)
p-Value

Age (years) 80.2 ±  5.1 21.2 ±  2.2 **

Gender (male/female) 3/3 4/5 −

Hand laterality (R/L) 6/0 9/0 −

Grip strength (R) (kg) 26.3 ±  13.6 33.8 ±  10.3 n.s.

Pinch strength (R) (kg) 5.4 ±  3.2 4.9 ±  0.9 n.s.

BBT score (R) 56.7 ±  5.5 67.8 ±  11.0 *

PPT score (R) 12.3 ±  1.2 15.9 ±  2.3 **

TMT-A 53.6 ±  14.6 30.0 ±  6.4 **

TMT-B 85.7 ±  17.1 38.0 ±  10.1 **

MMSE 28.8 ±  1.2 − −

Data are expressed as mean ±  SD. Wilcoxon’s rank sum test (n =  15), *: p <  0.05, **: p <  0.01, n.s.: not signi�cant. BBT: Box 
and Block Test; PPT: Purdue Pegboard Test; TMT: Trail Making Test; MMSE: Mini-Mental State Examination.

Table 2　Abbreviated task names and comments.

Task name sample pattern used characteristic

one-colored BT a symmetry

bicolored BT b asymmetry

one-colored CT a symmetry

bicolored CT c asymmetry

bicolored MT-1 d symmetry

bicolored MT-2 e asymmetry

Sayaka OKAHASHI, et al: e-Peg Development for Dexterity/Cognitive Rehabilitation (85)
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found (Table 3).

3.4　  Subjective evaluations
Sixty-seven percent of older and 100% of younger par-
ticipants answered that the e-Peg system was easy-to-use 
(Fig. 7a). The system was also judged to be interesting 
by 67% (older) and 78% (younger) of participants for 
BT, by 50% (older) and 78% (younger) for CT, and by 
83% (older) and 100% (younger) for MT (Fig. 7b). The 
task level was judged to be easy for BT/CT by 67% (old-
er) and 100% (younger), and dif�cult for MT by 67% 
(older) and 56% (younger) of participants (Fig. 7c).

4.　  Discussion

4.1　  Comparison of e-Peg performance by age group
The e-Peg scores in the older group were signi�cantly 
lower than those in the younger group in �ve out of six 
tasks. As previous studies described decreases in hand/
�nger muscle strength, manipulation, walking ability, 
and information processing speed with age [19–21], the 
age difference in e-Peg scores could have been caused by 

dexterity/attention span decline due to increase in age. 
Additionally, Walters et al. [22] conducted an eye track-
ing study during commonly used dexterity tests such as 
NHPT and GPT, and reported “a greater number of cor-
rective saccades and lesser time gazing at the pegboard 
holes in older compared with young adults”. Therefore, 
our result may re�ect the age-related oculomotor charac-
teristics which are related to visual attention. In our next 
study, we plan to investigate the relationship between 
eye movements and each e-Peg task performance in dif-
ferent age groups.

The median number of correct answers in the bicol-
or asymmetrical MT was the lowest among all tasks in 
each group. Rajsic et al. [23] examined visual working 
memory when 18 healthy university students and hospi-
tal staff memorized the type and number of objects, and 
reported that their performance was higher for a symmet-
rical condition than for an asymmetrical condition. 
Asymmetrical tasks would require more attention/mem-
ory during color and location memorization than other 
tasks.

4.2　  Relationship between e-Peg score and functional 
assessments

There were signi�cant negative correlations between 
one-color BT/CT and dexterity tests, and bicolor BT/CT 
had signi�cant correlations with dexterity tests and TMT. 
The TMT subjects examinees to a cognitive load via task 
transition and attention switching [13]. Grubert et al. [24] 
reported that the element of attention required was qual-
itatively different during a one- and a two-color number 
searching task. These results suggest that the bicolor 
tasks re�ected an examinee’s hand manipulation and 
switching attention.

Fig. 6　  e-Peg performance.  
Wilcoxon’s rank sum test (n =  15), *: p <  0.05, **: p <  
0.01. The completion time was obtained from the 
tasks performed perfectly by all participants in each 
age group.

Table 3　  Correlations between e-Peg score and dexteri-
ty/cognitive tests.

BBT PPT TMT-A TMT-B

one-colored BT −  0.78** −  0.70** 0.42 0.42

bicolored BT −  0.70** −  0.81** 0.56* 0.60*

one-colored CT −  0.80** −  0.65** 0.48 0.43

bicolored CT −  0.42 −  0.58* 0.69** 0.67**

bicolored MT-1 0.29 0.48 −  0.50 −  0.66*

bicolored MT-2 −  0.16 0.04 −  0.06 0.01

Spearman’s rank correlation analysis (n =   15), *: p <   
0.05, **: p <  0.01.
BT: a basic task; CT: a comparison task; MT: a memo-
ry task; BBT: Box and Block Test; PPT: Purdue Peg-
board Test; TMT: Trail Making Test. The time required 
was used as the score in BT and CT; the number of 
correct answers was used as the score in MT.

Advanced Biomedical Engineering. Vol. 12, 2023.(86)
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There was a signi�cant negative correlation between 
a bicolor symmetrical MT and TMT-B. The result sug-

gests that the MT re�ects an examinee’s visual working 
memory and executive function when memorizing the 
two-color pattern and placing each colored peg in its ap-
propriate position.

4.3　  Usability, interest, and dif�culty
The e-Peg system was judged to be easy-to-use by the 
majority of participants. One reason would be that our 
peg size, which was approximately 15 mm in diameter, 
was designed with reference to daily necessaries such as 
chopsticks and personal seals. The system was judged to 
be interesting by 50–78% of participants for BT/CT and 
by more than 80% for MT. The task level was judged to 
be easy by 67–100% of participants for BT/CT, and dif-
�cult by more than 50% of participants for MT. Csiksz-
entmihalyi [25] reported that people found it interesting 
when a challenge level was neither too high nor too low 
for their current ability. Not all participants performed 
the bicolor MT correctly, which suggests that the dif�-
culty level was appropriate for them.

4.4　  Comparison between e-Peg and other analog/
digital pegboards

There are three advantages of using e-Peg. First, the sys-
tem can assess not only a motor task, but also a mo-
tor-cognitive dual-task as an all-in-one test. Some similar 
digital pegboards with precise automated time calcula-
tion [17, 18] aimed only at assessing dexterity based on 
the conventional pegboards. Petrigna et al. [26] have re-
ported that the 25-hole GPT, which involves placement 
of keyhole-shaped pegs, performed in a dual-task situa-
tion is a feasible test to evaluate manual dexterity. A du-
al-task cognitive condition is a more challenging situa-
tion compared to that of motor condition or single task 
alone.

Second, our e-Peg system is superior to other com-
mercial products such as Rapael Smart PegboardTM 
(Neofect USA Inc.) [27] due to automatic correct/incor-
rect judgement of two-color peg insertion in each hole 
using magnetism and diversity of the hole lighting pre-
sentation according to con�gurable color patterns via an 
SD card.

Third, the e-Peg has better size and weight compared 
to other products (Table 4). The compactness is a merit 
of being usable at home or while traveling.

4.5　  Limitations and future directions
These encouraging results were obtained only from our 
preliminary study, and need to be veri�ed with a large 
number of participants including different age groups 
and medical conditions, referring to a study on reliability 
of PPT in adults after stroke [28].

Patients usually struggle to maintain a high level of 

Fig. 7　  Subjective evaluations of e-Peg tasks.  
Older adults (n =  6), younger adults (n =  9).
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motivation for rehabilitation over a 2-month lengthy hos-
pital stay. Popovic et al. [29] reported that feedback-me-
diated exercise for poststroke rehabilitation of a hemiple-
gic arm increased patient motivation (such as interest, 
enjoyment, and perceived competence) and promoted 
greater improvement of motor function including speed 
and smoothness compared to no-feedback exercise. Fur-
thermore, physical therapy containing gami�cation ele-
ments helped patients remain engaged in rehabilita-
tion [30]. It is especially important to be able to continue 
without getting bored in equipment-mediated rehabilita-
tion. The e-Peg would bring pleasure to daily training. 
The electronic circuit could be upgraded to variations 
with ingenuity to keep non-experienced users enter-
tained.

5.　  Conclusion

We have developed a newly electronic pegboard (e-Peg) 
for evaluating dexterity and cognitive functions using 3 
types of tasks with multiple sample patterns. The prelim-
inary study shows that the system has promising poten-
tial as a device for fused rehabilitation of hand manipula-
tion and attention/executive function at various dif�culty 
levels.
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Supplementary Table 1. A sample of log data. 

 
Count, the order in which a user inserted each peg; Position, the peg hole number (Nos. 1–16) which was registered 
internally; Pattern Colour, the lighting color in a hole (R, red; B, blue; 0, lights-out); Time (sec), the elapsed time after 
task initiation, OK/NG, correct or incorrect answer; BLUE/RED, the color of the inserted peg; BUZZER/LED, on or off 
state of the sound/light switch at that moment. Each e-Peg hole judges “OK (correct)” or “NG (incorrect)”. The 
corresponding hole judges “OK” only once and keeps the log at the first peg insertion in a task session. In the case of 
“NG” judgement, the log is kept any number of times. 

Count Position Pattern Colour Time OK NG BLUE RED BUZZER LED
1 1 0 5.8 X X X X
2 5 B 7.59 X X X X
3 2 B 10.98 X X X X
4 4 R 13.02 X X X X
5 7 R 16.1 X X X X
6 10 R 18.91 X X X X
7 13 R 22.76 X X X X
8 11 0 25.37 X X X X
9 11 0 27.21 X X X X

10 15 B 30.04 X X X X
11 2 B 32.59 X X X X
12 12 B 35.14 X X X X
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地震映像視聴時の携帯型 NIRSを用いた情動研究 

大塚 日花里*1  岡橋 さやか*1*2*3  精山 明敏*3 

Evaluation of Emotional Changes During Earthquake Video Watching: A Wearable NIRS 

Study 

Hikari Otsuka*1, Sayaka Okahashi*1*2*3 and Akitoshi Seiyama*3 

Abstract - Sudden occurrences of disasters often agitate people emotionally and make their planned evacuation 

activities difficult. However, the biological responses to natural disaster situations have not been investigated. This 

study aimed to: 1) discover the difference in emotional responses between earthquake video-watching and neutral 

video-watching conditions, and 2) investigate the relationship between emotional responses during watching an 

earthquake video and subjective emotion assessment/individual anxiety traits. Healthy young adults (n = 12) 

watched earthquake and neutral videos, and we measured biological signals and performed emotional assessment. 

We measured biological signals, such as pulse rate and cerebral blood flow in the dorsolateral prefrontal cortex, 

using a wearable two-channel near-infrared spectroscopy (NIRS) unit. Autonomic nerve indexes (sympathetic and 

parasympathetic indexes) were calculated from the NIRS data. Subjective emotion assessment was made using the 

Self-Assessment Manikin. The State-Trait Anxiety Inventory Questionnaire was also performed. We found that 

sympathetic nerve activity was significantly lower in the earthquake video-watching condition than during the 

neutral one. Biological indicators inferred both subjective emotion assessment during watching the earthquake 

video and individual anxiety traits. Autonomic indices based on 2-channel NIRS data may be able to estimate 

emotional responses to different stimuli. 

Keywords : earthquakes, emotion, autonomic nervous activity, cerebral blood flow, anxiety traits 

 

1. はじめに 

地震をはじめとする自然災害発生時には，情動が大き

く揺さぶられる中で冷静に避難行動をとることが求めら

れる．災害時に誘発される感情には恐怖や驚き，不安な

どのネガティブなものが多く[1]，地震発生時の恐怖感は，

性別や年齢，体感ダメージの大きさといった要素が関連

すると報告されている[2]．強い情動が喚起されると，認

知に対する妨害的効果が生じ，落ち着いた思考が困難と

なることから[3]，災害時の情動反応を捉えることは支援

に繋げるうえで重要であると考えられる． 

しかし，地震などの自然災害に関連する映像視聴時の

脳血流変化を検討した報告はなく，自然災害に遭遇した

際の人の情動反応と脳活動の関係の多くは今なお明らか

にされていない．また，情動喚起時の脈拍や自律神経活

動を測定した研究においては，差し迫った脅威を感じる

恐怖や身体の切断に関連する嫌悪感，急激な悲しみで心

拍数が減少する一方で，同じ否定的な感情でも怒りや不

安，汚染に関連する嫌悪感，驚きでは心拍数が増加する

と報告されている[4]． 

生体反応の観察において， NIRS （ Near-Infrared 

Spectroscopy: 近赤外分光法）を用いると非侵襲的に脳血

流変化量を計測できる．生体内を透過できる近赤外光

（700～900nm）を頭皮上から脳表に向けて照射し，光

路中の組織液中の酸素化ヘモグロビン（oxy-Hb），脱酸

素化ヘモグロビン（deoxy-Hb），総ヘモグロビン（total-

Hb）量の変化を検出する機器であり，低拘束，簡便と

いった利点がある[5],[6]．NIRS には，前額部や側頭，頭

頂，後頭部の計測が可能な多チャンネルのもの[7]や前額

部の左右 2 か所で計測する 2 チャンネルのもの[8],[9]があ

るが，本研究では軽量でワイヤレス仕様のため対象者の

動きを制限することなく計測できる後者のタイプを採用

した． 

NIRS を用いた情動研究では，ネガティブな映像提示

によって前頭前野右外側部で oxy-Hb が増加したという

報告[10]や，不快な写真を提示した際に両側の腹外側前頭

前野の oxy-Hb が増加したという報告がある[11]．また，

情動反応には個人差があり，普段から様々な事象に対す

る不安の感じやすさが大きい人ほど，安静時に右半球優

位の oxy-Hb変化を示すことが報告されている[12]． 

そこで，本研究では災害に遭遇した際の情動反応に着

目し，地震に関する映像視聴時の自律神経活動や脈拍数， 

脳血流といった生体指標について 2 チャンネル NIRS を

用いて捉え，中性映像視聴時との比較を行い，さらにそ

れらの生体指標と映像への主観的評価及び不安特性との

*1: 京都大学大学院 医学研究科 人間健康科学系専攻 

*2: 国立長寿医療研究センター 老年学・社会科学研究センタ

ー 

*3: 国際教養大学 デザイン創造・データサイエンスセンター 

*1: Department of Human Health Sciences, Graduate School of 

Medicine, Kyoto University 
*2: Center for Gerontology and Social Science, National Center for 

Geriatrics and Gerontology 

*3: Creative Design & Data Science Center, Akita International 
University 
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関連を検討することを目的とした．その意義として，地

震という特異的な場面の映像を視聴している際や模擬的

な地震体験時の生体指標を捉えることは，実際に地震に

遭遇した際の人の情動反応の解明の一助となると考える．

また，情動反応と元来の不安特性との関連を明らかにす

ることで，個人に合わせた非常時の支援方法の開発に繋

げられると考える． 

2. 方法 

2.1 対象者 

健常若年者 12 名（男性 6 名，女性 6 名，23.2±0.6

歳）を対象とした．本研究の課題遂行に支障をきたすと

思われる視力障害や聴力障害，言語理解障害，精神障害

の既往歴がなく，事前に地震に対する心的外傷がないこ

とを確認するため，Impact of Event Scale-Revised (IES-

R：改訂出来事インパクト尺度日本語版)を実施し，カッ

トオフ値 24点以下の者を対象とした． 

2.2 実施方法 

対象者には基本情報の聴取・評価と不安尺度を用いた

評価後，NIRS を装着した状態で複数の映像視聴と各映

像に対する主観的評価を回答してもらった．最後に，こ

れまでの地震経験に関する質問紙への回答を行ってもら

った．基本情報の項目は，年齢，性別，教育歴，職業歴，

利き手，Japanese Adult Reading Test (JART)で評価した知

的機能（IQ），視力であった．不安尺度には日本版 State-

Trait Anxiety Inventory（STAI-JYZ ：新版 STAI）を用い

た．STAI は，不安を喚起する事象に対する一過性の不

安の反応（状態不安）と定常的な個人の不安傾向（特性

不安）の 2 側面を測定できる質問紙である．なお，実験

1回の所要時間は，説明を含め 60分程度であった． 

本研究は京都大学医の倫理委員会の承認（R2855）を

得て実施した． 

2.3 実施環境および映像提示，主観的評価 

本調査は，広さ約 6 ㎡の静かな一室で実施し，室内の

気温は 23.8±0.4℃，湿度は 53.7±4.4％であった．対象

者は，スクリーン（縦 107 ㎝×横 182 ㎝）から 240 ㎝離

れた椅子に座った状態で映像を視聴した（図１）．この

ときの視野角は 43.5°であった．対象者の注意が音源に

逸れ，スクリーンから目を離すことを防ぐため，対象者

の後方にスピーカー（Lenovo Speaker M0620）2 台を設

置し，音量の平均を対象者の頭部の位置にて約 60 ㏈に

なるよう調整した．はじめに練習として 20 秒間の注視

点（+）のある画像（以下，十字画面）とそれに続く 20

秒間の映像（自然の風景）を検者による口頭説明ととも

に提示し，各映像終了後には Self-Assessment Manikin

（SAM）の Valence（感情価），Arousal（覚醒度），

Dominance（支配度）の 3 項目について 1~9 の 9 段階で

画面（図２）を見ながら回答してもらった．対象者には，

感情価は快・不快（1[快]～9[不快]），覚醒度は興奮度

（1[小]～9[大]），支配度はインパクトの大きさ（1[小]～

9[大]）を示すことと，3 つの各項目は 10 秒間しか提示

されないこと，口頭で数字のみ回答することを説明した．

また，映像視聴中はなるべく身体や頭を大きく動かした

り声を出したりしないことを伝えた．一回の練習終了後，

NIRS を装着してもらい，映像視聴を実施した．本施行

の映像視聴の流れについて，図２に示す．90 秒間の十

字画面に続いて，60～120秒の地震映像 3種類と 60秒の

中性映像 2 種類のうちいずれか 1 つが提示され，各映像

終了後には，練習同様に SAM の感情価，覚醒度，支配

度の 3 項目を 1~9 の 9 段階で回答してもらった．十字画

面，映像，SAM の回答は全部で 5 回繰り返した．なお，

地震映像 3 種類と，中性映像 2 種類は地震映像同士，中

性映像同士が連続しないこととし，さらに地震映像 3 種

類は疑似ランダムな順として，対象者は 6 条件（3 の階

乗通り）のうちいずれかの動画を視聴することとした．

表１に示すように，3 つの地震映像には，動画サイトで

公開されている東日本大震災時に実際に撮影された映像 

[13]-[15]を使用し，2 つの中性映像は購入した自然の風景の

映像[16]にピンクノイズを付加した．なお，ピンクノイズ

は地震映像の聴覚刺激の条件を統制する目的と，快や不

快などの情動を喚起させない目的にて用いた． 

 

 

図１ 実験の様子 

Fig.1 Experimental Scene 

 

2.4 NIRS 計測 

脳血流の計測には 2 チャンネルウェアラブル NIRS

（携帯型脳活動計測装置 HOT-2000-VR，NeU 社製）を

使用した．本計測装置は，ヘッドセットに左右 1 つずつ

設けられている波長 810 ㎚の近赤外光を発光する LED

と各 2つのセンサーユニット（LEDから約 1㎝と約 3㎝

の位置）から成る．Real-time scalp signal separating (RT-

SSS)と呼ばれる手法[17]により頭皮血流および脳実質の血

行動態を捉える LED から約 3 ㎝のセンサーの信号から，

頭皮血流の血行動態を捉える LED から約 1 ㎝のセンサ

ーの信号を差し引くことで，右脳と左脳それぞれの総ヘ

モグロビン量の変化（Δtotal-Hb）を計測・解析し，脳

血流変化量を算出する装置である．また，センサーの計

測値から推定した脈拍数（回／分）が記録される． 

NIRS の 2 つのチャンネルの位置は両側の背外側前頭
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前野（国際 10-20 法で左 Fp1～F7，右 Fp2～F8）とした．

計測のサンプリングは 100 ミリ秒毎で，高周波のノイズ

を除去するために 3秒（30点）ごとの移動平均を用いて

信号の平滑化処理を行った．  

 

(a) 

 

(b) 

 

図２ 本試行での映像提示の流れの一例と主観的評価を

問う画面 

Fig.2 An Example of Video Flow in the Main Trial and 

Subjective Assessment Screenshot 

(a) 提示映像の流れの一例，(b) (ⅰ)「感情価」(ⅱ)「覚醒

度」(ⅲ)「支配度」．イラストは文献[18]より引用． 

 

表１ 各映像の内容と提示秒数 

Table 1 Content and Duration of Each Video 

映像 内容 提示秒数 

地震① レストラン内での被

災映像[13] 

120 

地震② 緊急地震速報を伝え

るニュース映像[14] 

66 

地震③ 住宅街の屋外での被

災映像[15] 

60 

中性① 自然の風景 1[16] 60 

中性② 自然の風景 2[16] 60 

 

2.5 これまでの地震経験に関する質問紙 

地震経験に関する質問紙では，対象者がこれまでに経

験した中で最も揺れが大きかった地震の最大震度，経験

した時期，場所，心情の種類とその程度，自身の行動お

よび行動の適切さとその理由に加え，直近 3 年間で経験

した地震で震度 1～震度 2 の発生時について，経験した

場所，心情の種類とその程度，自身の行動および行動の

適切さとその理由を回答してもらった．なお，この質問

紙による回答は，映像視聴時の脳活動に影響を与えない

よう，映像視聴後に記入してもらった． 

2.6 解析方法 

2.6.1 自律神経指標 

HOT-2000-VRの脳血流データから RR間隔を推定し，

脈拍変動を求めて自律神経指標を算出した． 

具体的には，最初に HOT-2000-VR の右のチャンネル

の近赤外光を発光する LED から 1 ㎝ 離れたところに配

置されたセンサーユニット 1 で記録される頭皮血流を反

映する信号に，前処理として微分と規格化を行った．微

分は信号の比較的大きな波のトレンドや大きな動きによ

るノイズを低減する目的で，次の信号 A(n+1)から現在

の信号 A(n)を引いた．規格化は，測定装置や個人間の信

号の大きさの違いを揃える目的で(1)式を用いて規格化を

行った．  

 

 

 

 次に，前処理後の頭皮血流信号をもとに脈波のピーク

を推定し，ピーク間隔時間（RR 間隔）を算出した．こ

の際，脈波の切痕（心臓の弁の開閉によるピーク）を誤

ってピークとして抽出しないよう，規格化信号の高さに

閾値を設けた． 

自律神経指標の算出には，Toichi らの提案したローレ

ンツプロットの手法を用いた．ローレンツプロットとは，

n番目の RR間隔を x座標，n+1番目の RR間隔を y座標

として x-y 平面上に順にプロットしていき，楕円状に分

布したプロットの広がりの長軸の長さ（L）と短軸の長

さ（T）に基づいて交感神経機能指標 CSI（L/T）と副交

感神経機能指標 CVI（log10(L×T)）を算出するものであ

る[19]． 

2.6.2 脳血流変化量と Lateral Index 

HOT-2000-VR で取得した左右それぞれのΔ total-Hb

［測定値］から，傾向変動と周期変動を除去後，さらに

移動メディアンフィルタ処理した左右それぞれの値を真

の脳活動を反映するΔtotal-Hb(L)，Δtotal-Hb(R)として

求めた．詳細を以下に述べる． 

傾向変動は発汗や測定部位の温度上昇といった持続的

な変化に伴うノイズ，周期変動は心拍や呼吸変動による

ノイズ処理を目的として，(2)式を用いてある時刻 nにお

ける残差 y(n)を真の脳活動信号として求めた．ただし，

Vtrend (n)は残差 y(n)が最小になるように近似した 3 次多

項式であり，傾向変動を意味する．また，Vperiod (n)は

ΔHbtotal (n) － Vtrend (n)の周期的変化を取り出した正弦波

であり，周期変動を意味する．また，傾向変動と周期変

動を除した残差 y(n)の標準偏差が最小となるように，周

(1) 
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期変動は全ての測定時間の 1/2を周期とした．  

 

y(n) = ΔHbtotal (n) －｛ Vtrend (n) + Vperiod (n) ｝ 

 

さらに対象者の体動や測定不良などによる非周期的な

ノイズを低減する目的で，移動メディアンフィルタ処理

を行い，(3)式を用いて移動平均 t(n)を求めた． 

 

t(n) = median｛ y(n-k), …,y(n), …,y(n+k) ｝ 

 

k は移動メディアンフィルタの項数で，y(n)と t(n)の

差の二乗平均が，ノイズの低減と本来の信号 y(n)の歪み

の最小化という条件を満たした 200 に設定した．y(n)は

(2)式で求めた 0.1秒ごとの左右それぞれの残差である． 

上記のノイズ処理によって得られた t(n)を改めて真の

総ヘモグロビン量の変化とし，左右それぞれΔ total-

Hb(L)，Δ total-Hb(R)とした．なお，Δ total-Hb(L)， 

Δ total-Hb(R)の単位は，総ヘモグロビン濃度の単位

（millimol/L: mM）と受光プローブで受光した反射光の

光路長の単位（cm）の積であることから，本稿では a.u. 

（Arbitrary Unit: 任意単位）と表記する． 

次に，左右の背外側前頭前野の脳血流の非対称性を示

す指標として Lateral Index (LI)を，Ishikawa らの先行研

究 [12]を参考に，Δtotal-Hb(L)，Δtotal-Hb(R)の値から(4)

式を用いて求めた． 

 

 

 

Δtotal L(n)とΔtotal R(n)は 0.1秒ごとのΔtotal-Hb(L)，

Δ total-Hb(R)それぞれの値，Δ total L(min)とΔ total 

R(min)は十字画面から映像視聴終了時までの全ての期間

におけるΔtotal-Hb(L)，Δtotal-Hb(R)それぞれの最小値

である．LI が正のとき，右と比較して左の背外側前頭前

野が優位に活動し，LI が負のとき，左と比較して右の背

外側前頭前野が優位に活動するということを示す． 

2.6.3 統計処理 

まず，CSI，CVI，CVI/CSI，Δ total-Hb(L)，Δtotal-

Hb(R)，LI，主観的評価（感情価，覚醒度，支配度）そ

れぞれにおいて，3 つの地震映像視聴時の全体と 2 つの

中性映像全体の平均値を求めた．なお，5 種類の映像の

いずれにおいても各映像視聴時間の中央から前後 60 秒

間のデータを対象として自律神経指標，脈拍数及び脳血

流変化量を解析した．また，データ表示は，すべて平均

±標準誤差で示した． 

次に，上記各指標において地震映像と中性映像間での

差を調べるため，Shapiro-Wilk 検定でデータの正規性を

確認後，対応のある t検定を行った． 

加えて，映像視聴中の生体指標と主観的評価（感情価，

覚醒度，支配度）及び STAI の不安特性（状態不安，特

性不安）との関連を調べるため，地震及び中性映像視聴

時の生体指標のうち CVI/CSI と LI を説明変数として多

値ロジスティック回帰分析を行った．CVI/CSIと LIを用

いた理由は，説明変数間で相関係数の高い組み合わせが

存在する多重共線性の問題を回避するためである．生体

指標と主観的評価は 3 つの地震映像の平均値と 2 つの中

性映像の平均値を用いた．また，STAI スコアは STAI-

JYZ の標準化標本（男・女大学生それぞれ 1088 名及び

1165 名）[20]を用いて，個々の対象者の素点のパーセン

タイルを求めた． 

解析には IBM SPSS Statistics バージョン 27 と College 

Analysis Ver.8.4[21]を用い，有意水準は 5％とした．なお，

対応のある t 検定の効果量（d）は，d = 0.2 で効果量小，

d = 0.5で効果量中，d = 0.8で効果量大とされる[22]．また，

多値ロジスティック回帰分析で得られた回帰モデルの適

合度指標については，最適値からのずれを表す逸脱度

（D, 小さいほど有効, p > 0.05有効），ピアソンの χ2 統計

量（χ2, 小さいほど有効, p > 0.05 有効）及び最小モデル

からのずれを表す尤度比（C, 大きいほど有効, p < 0.05有

効），実測値と予測値の決定係数（R2）を求めた． 

3. 結果 

3.1 基本属性 

対象者 12 名の教育歴は 16.5±0.3 年，右利き 11 名，

左利き 1名，JARTの全検査 IQは 108.8±1.9点，視力は

左右それぞれ 0.8 以上が 9 名，0.7 が 1 名，0.6 が 2 名で，

0.7 以下の者は映像やスクリーン上の文字を認識できる

ことを確認したのち実験を開始した．IES-R は 0.3±0.2

点で，地震の心的外傷によって除外された者はいなかっ

た．STAI のスコアは，状態不安 33.5±1.7 点，特性不安

41.7±3.2 点であった．脈拍数のデータのみ測定の不具

合により 1名を除いた 11名を解析対象とした． 

3.2 自律神経指標，脈拍数，脳血流変化量 

各生体指標の結果を図３～５に示す．各図には，対象

者毎の地震映像と中性映像視聴時間内の平均値を黒色点

でプロットしており，白色点は全対象者の平均値を示し

ている． 

各生体指標の平均値（平均±標準誤差）について，

CSI は地震条件では 0.94±0.03(a.u.)，中性条件では

1.03±0.06(a.u.)，CVI は地震条件では 5.20±0.13(a.u.)，中

性条件では 5.20±0.13(a.u.)で，CVI/CSIの値は，地震条件

で 5.60±0.19，中性条件で 5.20±0.29 であった（図３）．

また，脈拍数は地震条件では 77.94±3.20 回/分，中性条

件では 78.71±3.35 回/分（図４），Δtotal-Hb(L)は地震条

件では－0.001±0.01(a.u.)，中性条件では－0.01±0.01(a.u.)，

Δtotal-Hb(R)は地震条件では－0.01±0.01(a.u.)，中性条件

では－0.01±0.01(a.u.)， LI は地震条件では 0.04±0.06，中

性条件では 0.05±0.07であった（図５）．  

(4) 

(3) 

(2) 
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映像条件による比較では CSIは地震条件の方が中性条

件よりも有意に小さかった（p = 0.046, d = －0.65）．一方

で，CVI，CVI/CSI，脈拍数，Δtotal-Hb(L)，Δtotal-Hb(R)，

LI については，いずれも有意差はなかった（CVI：p = 

0.90, d = －0.04；CVI/CSI：p = 0.08, d = 0.55；脈拍数：p 

= 0.17, d = －0.44；Δtotal-Hb(L)：p = 0.61, d = 0.15；

Δtotal-Hb(R)：p = 0.89, d = 0.04；LI：p = 0.82, d = －0.07）

（図３～５）． 

3.3 主観的評価 

各主観的評価の結果を図６に示す．各図には，対象者

毎の 3 つの地震映像の主観的評価の平均値と 2 つの中性

映像の平均値を黒色点でプロットしており，白色点は全

対象者の平均値を示している． 

SAM の 感情価の平均は，地震条件では 6.94±0.20，

中性条件では 3.17±0.37，覚醒度は地震条件では 6.17±

0.33，中性条件では 2.25±0.20，支配度は地震条件では

6.11±0.40，中性条件では 2.25±0.29であった（図６）．    

条件間での比較では，感情価，覚醒度，支配度のいず

れにおいても地震条件の方が中性条件よりも有意に高か

った（p < 0.001）（図６）． 

 

            

 

 

 

 

         
                                                

 

 

         

図６ SAMによる主観的評価（感情価，覚醒度，支配度） 

Fig.6 Subjective Evaluation (Valence, Arousal, Dominance) using SAM 

** p < 0.001

図３ 各映像視聴時の自律神経指標 

Fig.3 Autonomic Nervous Index during Video Watching 

各対象者の平均値（●）と全対象者の平均値（〇）を示す． 

(a)             (b)             (c) 

 

(a)             (b)             (c) 

 

(a)                 (b)              (c) 

 

図４ 各映像視聴時の脈拍数 

Fig.4 Pulse Rate during Video 

Watching 
* p < 0.05, n.s.: not significant 

 

図５ 各映像視聴時の脳血流変化量 

Fig.5 Cerebral Blood Flow Change during Video Watching 

(n = 12) (n = 12) (n = 12) 
(n = 11) 

(n = 12) (n = 12) (n = 12) 

(n = 12) (n = 12) (n = 12) 
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3.4 生体指標と主観的評価との関連 

地震映像に対する主観的評価（感情価，覚醒度，支配

度）を目的変数，地震及び中性映像視聴時の生体指標

（CVI/CSI，LI）を説明変数とした多値ロジスティック

回帰分析を行った結果を表２に示す．また，回帰分析に

よって予測した結果の一例（感情価の予測値と実測値の

関係）を図７に示す．感情価，覚醒度，支配度の全てを

目的変数とした回帰式の適合度について，逸脱度が D = 

1.05，p = 1.00，ピアソンの χ2が χ2 = 1.03, p = 1.00，尤度

比が C = 0.51, p = 1.00，実測値と予測値の決定係数が R2 

= 0.93であった． 

 

表２ 地震映像に対する主観的評価の多値ロジスティッ

ク回帰分析 

Table 2 Multiple Logistic Regression Analysis of Subjective 

Evaluation of Earthquake Video 

 

 
ref. 感情価：感情価を基準カテゴリとする．n = 12 

 

 

図７ 感情価の予測値と実測値の関係 

Fig.7 Relationship of Estimated and Actual Values of Valence 

図中の回帰式および決定係数（R2）は，目的変数を感情

価とした場合の値．n = 12 

 

3.5 生体指標と不安特性との関連 

不安特性（状態不安及び特性不安のパーセンタイル

値）を目的変数，地震及び中性映像視聴時の生体指標

（CVI/CSI，LI）を説明変数とした多値ロジスティック

回帰分析を行った結果を表３に示す．また，回帰分析に

よって予測した予測値と実測値の関係を図８に示す．状

態不安及び特性不安のパーセンタイル値を目的変数とし

た回帰式の適合度について，逸脱度が D = 96.77, p = 0.00，

ピアソンの χ2が χ2 = 84.75, p = 0.00，尤度比が C = 28.35, 

p = 0.00，実測値と予測値の決定係数が R2 = 0.91 であっ

た． 

 

表３ 不安特性の多値ロジスティック回帰分析            

Table 3 Multiple Logistic Regression Analysis of Anxiety 

Traits 

 

 

n = 12 

 

 

 

図８ 不安特性の予測値と実測値の関係 

Fig.8 Relationship of Estimated and Actual Values of 

Anxiety Traits 

図中の回帰式および決定係数（R2）は，目的変数を

(a)状態不安，(b)特性不安とした場合の値．n = 12 

 

 

(a)           

 

 (b)       
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3.6 これまでの地震経験に関する質問紙 

経験した地震の最大震度は 3 が 1 名，4 が 5 名，5 弱

が 3 名，5 強が 1 名，6 弱が 1 名であった．経験した時

期は学童・思春期が 6 名で最多であった．場所は自宅の

寝室（4 名），居間（3 名）の順に多かった．心情につい

ては，驚き（7 名），不安（6 名），緊張・警戒（6 名），

恐怖（5 名），動揺・混乱（5 名），心配（5 名）の順に多

かった．自身の行動については，丈夫な机やテーブルの

下にもぐった（5 名），物が落ちてきそうな場所から離

れた（2 名），頑丈なもので頭を守った（2 名）と回答し

た人がいた一方，驚きや恐怖で身動きできなかった（1

名），特に何もしなかった（3 名）という回答もあった． 

直近 3 年間で経験した震度 1～震度 2 の地震について

は，場所として自宅の居間が 7 名，自宅の寝室が 5 名で

全員が自宅で経験していた．心情については，緊張（5

名），驚き（4 名），恐怖（3 名），不安（3 名），心配（3

名）の順に多かった．行動については，特に何もしなか

った（8 名），物が落ちてきそうな場所から離れた（3

名）の順に多かった． 

4. 考察 

 本研究の目的は，地震に関する映像視聴時の自律神経

活動や脈拍数，脳血流変化量等の生体指標を 2 チャンネ

ル NIRS によって得られたデータに基づいて算出し，中

性映像視聴時との比較，及びそれらの生体指標と主観的

評価（感情価，覚醒度，支配度）及び不安特性との関連

を検討することであった． 

まず，地震映像視聴時の方が中性映像視聴時よりも交

感神経の活動を示す CSI が有意に低下しており，脈拍数

においては，有意差はなかったものの地震条件の方が減

少する傾向（d = －0.44，小～中の効果）にあった．先

行研究において，不快な聴覚刺激や映像刺激を受けた際

は快刺激よりも心拍数が減少するという報告[23],[24]や，

差し迫った脅威を感じる恐怖や身体の切断に関連する嫌

悪感，急激な悲しみで心拍数が減少するという報告があ

る[4]．今回の SAM を用いた主観的な評価では地震映像

の方が中性映像よりも有意に不快を感じ，覚醒度が高く，

支配度が大きいという結果であったことからも，本研究

では喚起されたネガティブな情動によって交感神経が低

下し，脈拍数も減少傾向となったことが考えられた． 

一方，副交感神経指標である CVIでは地震条件と中性

条件でほとんど差がなかったことに関して，Berntson ら

は交感神経と副交感神経の活動は非相互的な独立した活

動を行う場合があると報告していることや [25]，Kreibig

は情動喚起時の自律神経活動に関する文献を調査したレ

ビューにおいて身体の切断に関連する嫌悪感に伴う脈拍

数の低下は，副交感神経の影響というより交感神経の離

脱によって引き起こされている可能性があると述べてい

る[4]．このことから，本研究の結果もネガティブな情動

喚起によって交感神経の独立した低下が生じたものと推

測された． 

なお，脳血流変化量（Δtotal-Hb(L)，Δtotal-Hb(R)，

LI）の指標における地震条件と中性条件の比較では有意

差はみられなかった．恐怖の表情を提示した際に右の腹

外側前頭前野や補足運動野の oxy-Hb が増加したという

Marumo らの報告[26]や，不快な写真提示にて両側の腹外

側前頭前野の oxy-Hb が増加したという Hoshi らの報告

[11]を支持しなかった．測定部位とした背外側前頭前野は

認知制御の関連領域であり，眼窩前頭皮質や背内側前頭

前野を介してネガティブな感情を軽減するとされる[27]．

また，怒りや軽蔑的な表情，暴力などの脅威となるシー

ンを見せた際の背側前頭前野の脳活動が大きい人ほど，

ネガティブな主観的評価が大幅に低下したことが報告さ

れている[28]．このことから，本研究で提示した情動刺激

は背外側前頭前野による制御を必要としない程度の刺激

であったことが考えられる．今後はより没入感のある

VR（Virtual Reality：仮想現実）映像を用いた臨場感の

ある地震体験環境を提示することや，模擬的な避難行動

などの認知制御を必要とする実験条件下で計測を行うな

どの更なる調査が必要である． 

次に，生体指標と主観的評価との関連について，生体

指標（CVI/CSI，LI）を説明変数とした多値ロジスティ

ック回帰分析により得られた回帰モデルは，実測値と予

測値の決定係数（R2）が 0.93 と高く，感情価，覚醒度，

支配度といった主観的評価を自律神経指標や前頭葉脳血

流変化量の左右差といった客観的な生体指標で表し得る

というデータの基礎的な解釈が得られた．しかし，個々

の説明変数の偏回帰係数の有意性は低く，今後対象者数

を増やしたうえでの調査が必要である． 

生体指標と不安特性との関連について，生体指標

（CVI/CSI，LI）を説明変数としたロジスティック回帰

分析で得られたモデルにおいても，実測値と予測値の決

定係数（R2）が 0.91 と高く，主観的評価と同様に個人

の不安特性を自律神経指標や脳血流変化量の左右差によ

って表し得るというデータの基礎的な解釈が得られた．

さらに，地震映像時と中性映像時の自律神経指標の寄与

を示す偏回帰係数で有意性がみられ，自律神経指標の実

測値と，回帰式から得られた状態不安と特定不安の予測

値では，特定不安に対して極めて高い相関を示した．こ

のことは，状態不安は不安を生じさせる刺激に対して感

じる一過性の不安であり，特性不安は個人の安定した不

安傾向であること[20]を考慮すると，自律神経指標は個人

の元来の不安傾向を規定し得ることが推測された．今後，

対象者数を増やすことでこの仮説を検証したいと考える． 

最後に，これまでの地震経験に関する質問紙では，震

度に関わらず自宅の寝室や居間で地震を経験したと回答

した人が半数以上を占めていたことから，次回の研究で

は自宅内における模擬的な災害体験時の生体反応を捉え
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ることも有用と考える．また，同じ災害に被災していて

も，心的外傷の程度によって情動喚起時の心拍変動や左

右の背外側前頭前野の脳血流変化量が異なるという報告

もあり[29]，今後は被災時の心情や行動に加えて心的外傷

の個人差も含めて調査することが求められる． 

Doi らは，情動刺激に対する前頭前野の反応に影響す

る因子の探索は，情動反応の個人差の原因解明と，病的

な精神状態に繋がる危険因子の特定に重要と述べている

[30]．また，情動を捉える試みとして，脈拍変動や皮膚温

度，会話，身体活動などの客観的な生体認証信号から感

情を推定するシステムの開発[31]なども報告されており，

今回の結果はこれらの感情推定の試みや個人の情動反応

に与える因子の探索の一助となると考える．今後は，上

記の課題を踏まえた更なる調査を行い，将来的には緊急

時の情動反応をウェアラブル機器を用いて捉え，パニッ

クに陥っている人を冷静な状態に導く支援ツールの開発

や，災害時に限らず情動反応の個人差に影響する因子や

病的な精神状態に繋がる危険因子の特定などに繋げてい

きたいと考える． 

5. 結論 

本研究では，地震及び中性映像を用いた実験を通し，

健常若年者を対象に生物学的・主観的な指標を用いて，

災害遭遇時の情動反応について検討した．軽量ワイヤレ

ス仕様の 2 チャンネル NIRS で取得したデータに基づく

分析から，交感神経指標はネガティブな情動を喚起する

地震映像条件下で有意に低下し，両条件の異なる刺激に

対する情動反応を捉え得ることが示唆された．一方，脈

拍数は地震条件の方が減少傾向であったが有意差はなく，

左右背外側前頭前野の脳血流量は条件間で差をみとめな

かった．また，情動喚起時の自律神経指標及び脳血流変

化量の左右差によって映像に対する主観的感情や個人の

元来の不安特性を説明できる可能性が示唆され，地震映

像視聴時の生体反応には個人の不安特性が関連すること

が考えられた． 

本研究は少数の対象者による探索的な調査であるため，

今後は対象者数を増加させた調査を計画し，さらに VR

技術を用いたより臨場感のある家屋内などの情景提示下

での検証が必要である． 
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Acquisition of Research Funds in 2022-2023 

  

Title: Development of shortwave infrared fluorescence molecular imaging for optical 

diagnostics of human breast cancer 

 

Project/Area Number: 22H03930 

Research Category: Grant-in-Aid for Scientific Research (B) 

Section: General 

Review Section Basic Section: 90110: Biomedical engineering-related 

Research Institution: Institute of Physical and Chemical Research 

Principal Investigator: Takashi Jin (RIKEN) 

Co-Investigator (Kenkyū-buntansha): Akitoshi Seiyama (AIU) 

Project Period (FY): 2022-04-01 – 2025-03-31 

 

 

Title: Creation of "Virtual Art" through the practical fusion experiments of 

"neuroscience and arts" 

 

Project/Area Number: 21K00229 

Research Category: Grant-in-Aid for Scientific Research (C) 

Section: General 

Review Section Basic Section: 01070: Theory of art practice-related 

Research Institution: AIU 

Principal Investigator: Akitoshi Seiyama 

Co-Investigator (Kenkyū-buntansha): Sayaka Okahashi (NIGG) 

Project Period (FY): 2021-04-01 – 2024-03-31 
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Editor’s Postscript 

 

As described in the preface, the Creative Design, and Data Science Center (CreDDS 

Center) at AIU was established on April 1, 2022 as the newest one of three centers of 

Akita International University (AIU). This center is new challenge for AIU, because AIU is 

a famous university as a liberal arts university and for education of foreign language since 

its establishment in 2004.  

   Through scientific research, the CreDDS Center will have a synergistic and mutually 

supportive relationship with other two centers, the Active Learning Center (ALC) and the 

Center for Collaborative Research and Outreach (CCRO).   

   Thereby, the CreDDS Center provides the impetus for the transformations anticipated 

under Institute of Applied International Liberal Arts (AILA) for contribution to Akita 

Prefecture and world-wide through industry-government-academia collaboration. 

 

 

March 31, 2023 

 

Director of CreDDS Center 

Akitoshi SEIYAMA 

 

 

 

The FY2022 CreDDS Center logo shown on the cover is an image of 

an elm tree, a popular and long-lived tree in Northern Japan. Because the 

research papers published in 2022 were mainly related to human brain 

function, the Editor selected an MRI image from his brain images that 

resembles an elm tree in the hope that our CreDDS Center will continue 

to grow like an elm. 
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付記：令和４年度の研究実績として載せております論文は、出版社の了承を得て原文を載せ
ています。また、下記のdoiもしくはWebサイトから論文は無料でダウンロードが可能です。
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   Utsumi J. Development of an Electric Pegboard (e-Peg) for Hand Dexterity
   Improvement and Cognitive Rehabilitation: A Preliminary Study.

    Advanced Biomedical Engineering Vol. 12 (2023) p. 81-90.

    DOI https://doi.org/10.14326/abe.12.81

    https://www.jstage.jst.go.jp/article/abe/12/0/12_12_81/_article/-char/en

 

2.  Yoshida M, Seiyama A. Importance of two-dimensional gaze analyses in the
   assessment of reading performance in patients with retinitis pigmentosa.

    PLoS One. 2022 Dec 14;17(12): e0278682. doi: 10.1371/journal.pone.0278682. 
    eCollection 2022.

    https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0278682

 

3.  Seiyama A, Miura T, Sasaki Y, Okahashi S, Konishi N, Cassim M. Characterization
    of forehead blood flow bias on NIRS signals during neural activation with a verbal
    fluency task.

    Neuroscience Research. 2023 Jan 186:43-50.

    doi: 10.1016/j.neures.2022.09.012. Epub 2022 Sep 30.

    https://www.sciencedirect.com/science/article/pii/S0168010222002577?via%3Dihub

 

4.  大塚日花里, 岡橋さやか, 精山明敏.  地震映像視聴時の携帯型NIRSを用いた情動研究

     ヒューマンインタフェース学会論文誌.2022 年24巻4号 239-248

     doi: https://doi.org/10.11184/his.24.4_239

     https://www.jstage.jst.go.jp/article/his/24/4/24_239/_article/-char/ja
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