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Introduction: Recent advances in artificial intelligence (Al) have been substantial.
We investigated the effectiveness of an online meeting in which normal older adults
(otokai) used a music-generative Al that transforms text to music (Music Trinity
Generative Algorithm-Human Refined [MusicTGA-HR]).

Methods: One hundred eighteen community-dwelling, cognitively normal older adults
were recruited through the internet (64 men, 54 women; mean age: 69.4 + 4.4 years).
Using MusicTGA-HR, the participants chose music that they thought was the most suit-
able to a given theme. We established 11 classes of 7-10 members and one instructor
each. Each class held an online meeting once a week, and each participant presented
the music they chose. The other participants and the instructor then commented
on the music. Neuropsychological assessments were performed before and after the
intervention for 6 months, and the results before and after the intervention were
statistically analyzed.

Results: The category and letter word fluencies (WFs) were significantly improved
(category WF: p = .003; letter WF: p = .036), and the time of the Trail-Making Test-B
was also significantly shortened (p = .039). The Brain Assessment, an online cogni-
tive test we developed, showed significant improvement in the memory of numbers
(p <.001).

Conclusion: The online meeting of the otokai, which used music-generative Al,

improved the frontal lobe function and memory of independent normal older adults.

KEYWORDS
artificial intelligence, composition, music, Music Trinity Generative Algorithm-Human Refined,
otokai
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1 | INTRODUCTION

The number of people with dementia is rising rapidly with the increase
in longevity. Approximately 46.8 million people worldwide are esti-
mated to be living with dementia, and 9.9 million new cases of
dementia are diagnosed every year (Strgm et al al., 2016). According to
Alzheimer’s Disease International (Prince et al., 2015), these numbers
will nearly double every 20 years to an estimated 74.7 million in 2030
and 131.5 million in 2050, with a large proportion of those individu-
als living in Asia (Satoh et al., 2020). Recent studies have demonstrated
that through adequate intervention, including the control of lifestyle
parameters, such as those related to hypertension, physical exercise, or
intellectual activities, the occurrence of dementia can be prevented to
some degree (Barnes & Yaffe, 2011; Livingston et al., 2017; Satoh et al.,
2014/2017/2020; Tabei et al., 2017).

Today in the field of neurology, the effectiveness of the music ther-
apy is established in following neurological diseases or symptoms:
dementia (Moreno-Morales et al., 2020; van der Steen et al., 2018),
Parkinson’s disease (Zhang et al., 2017; Zhou et al., 2021), stroke
(Magee et al., 2017; Van Criekinge et al., 2019), aphasia (Garcia-
Casares et al., 2022; Liu et al., 2022), and unilateral spatial neglect
(Long et al., 2023). It is well-known that music interventions have a sig-
nificant effect on stress reduction (de Witte et al., 2020/2022), and
the effectiveness of music therapy was reported about the behav-
joral and psychological symptoms of dementia (BPSD) (Dyer et al.,
2018; Ueda et al., 2013). Later, the effectiveness to cognitive func-
tion of older adults with dementia was also reported (Dorris et al.,
2021; Ito et al., 2022; Moreno-Morales et al., 2020). Recently, the rela-
tionships between kinds of music activities and the effects to health
and well-being have been reported (Dingle et al., 2021). They showed
the effectiveness of receptive and intentional music listening to main
reduction, shared music listening to the enhancement of social con-
nections in older adults, music listening and carer singing to agitation
of people with dementia, group singing, playing a musical instrument,
and dance and movement with music programs to the improvement
of cognitive health and well-being, and rapping, songwriting, and com-
position to the well-being of marginalized people. Musical activities,
such as playing instruments and music composition, require long-
term specialized training that generally begins in childhood. It is quite
challenging for normal older individuals to start to compose musical
pieces if they have not had prior musical training. Therefore, these
individuals are more likely to participate in musical activities such as
listening to music and singing songs. Recently, the development of arti-
ficial intelligence (Al) has led to substantial advancements in many
fields. For example, Chat Generative Pre-trained Transformer (Chat-
GPT) allows a user to input words or text and generate appropriate
responses to inquiries or questions. In image generation Al, such as
Stable Diffusion Online (https://stablediffusionai.org/#home) or Bing
Image Creator (https://www.bing.com/create), novel images can be
created using input text. The musical version of such the generative
Al is Music Trinity Generative Algorithm-Human Refined (MusicTGA-
HR; https://www.amadeuscode.com/musictga-hr). MusicTGA-HR has
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decomposed data for musical components, including melody, rhythm,
harmony, timbre, instruments, instrumentation, and style. By combin-
ing these features and relating them to corresponding input text, we
can obtain an almost unlimited selection of high-preference music.
Making music, namely, composition, requires in-depth learning and
training which often starts during childhood. However, MusicTGA-HR
enables musically naive persons to choose the most suitable music for
their image or concept. Many YouTubers use MusicTGA-HR as back-
ground music for their videos, and more than 44,000 musical pieces are
generated each month worldwide using this platform.

Various mental activities, including drawing, ceramic art, dressmak-
ing, and cooking, are used for the cognitive stimulation training, a
type of nonpharmacological intervention aimed at improving the qual-
ity of life of older individuals (Societas Neurologica Japonica, 2017).
In Japan, another type of cognitive stimulation training involves the
haiku, the shortest fixed form poem in the world. In meetings called
kukai, participants write haikus for a given theme and present it in
front of the other members of the meeting. Then, the instructor makes
some comments on each haiku. Originally, the kukai was held in-person;
however, after the outbreak of coronavirus disease-2019 (COVID-19),
in-person meetings became difficult. Therefore, online kukais are now
often held using videoconference systems. Based on this background,
we hypothesized that MusicTGA-HR may have applications as a non-
pharmacological therapy for improvement of the cognitive function of
older adults. Using MusicTGA-HR, individuals can choose music that
they think is most suitable for a given theme. At online meetings, each
participant presents the music they chose, and the other participants
state their impressions of that music. The instructor will also comment
on the music. According to the term kukai, which is used for meetings to
discuss haiku, as mentioned above, we named this type of musical meet-
ing otokai. In Japanese, “oto” and “kai” mean music/sound and meeting,
respectively; therefore, otokai means a meeting of music/sound.

The aim of this study was to investigate the effectiveness of the
otokai for improving the cognitive functions of community-dwelling,
normal older individuals. Using a videoconference system, we held the
otokai for 6 months and carried out cognitive assessments before and
after the intervention period. The primary outcome was changes in
neuropsychological batteries before and after the intervention period.
We expect that our results may have applications in dementia pre-
vention, which is currently one of the most important and pressing
problems in the world.

2 | MATERIALS AND METHODS
2.1 | Subjects

The number of subjects was decided based on our previous study (Tabei
et al., 2023). In this study, we investigated the effectiveness of the
online physical exercise with music accompaniment for older adults.
One hundred and fourteen subjects participated in the online exercise
class for 6 months, and before and after the intervention period, neu-
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* Have a personal computer or tablet.
* Be able to use the internet.

[ Recruitment by internet (N = 118) J._-

—— Decline: 17

I Neuropsychological assessment 1 (N = 101) I- -----

——» Incomplete: 17

| Participants (N = 84) I

« Independentin activities of daily living

« Be able to participate in our classes for about 6 months.

« Undergo neuropsychological tests before and after the
intervention.

MMSE, RCPM, LM, TMT, BA, etc.

*11groups
* Online meeting: 1 h, one per week

I Online meeting for transforming text to music (MusicTGA-HR)

* As homework, the theme of next meeting is

24 online meetings
————— Drop out: 11

I Neuropsychological assessment 2 (N=73) ] .........

[ Statistical analyses (N = 59) J ............

|————— Decline/Incomplete: 14

given by the instructor.

* Using the MusicTGA-HR, participants carried
out the pseudo-composition activity.

Continuation rate: 89.1%

* 33 men, 26 women

* Mean age = 68.8 £ 4.2 years

* Handedness: right= 58, left = 1

+ Educational history = 15.8 * 1.7 years

Results  femmee- Before and after the 24 online meetings.

FIGURE 1 Diagram of the flow of this study. BA, Brain Assessment; LM, logical memory; MMSE, Mini-Mental State Examination;
MusicTGA-HR, Music Trinity Generative Algorithm-Human Refined; N, number; RCPM, Raven’s Colored Progressive Matrices; TMT, Trail Making

Test.

ropsychological examinations were performed. Finally, the results of
75 subjects were used for statistical analysis, and we found the signifi-
cant improvement on the N-back task which belonged to a frontal lobe
function. So, in the present study, we planned to establish 10 groups
of 12 participants each, for a total of 120 participants (Figure 1). We
recruited participants through the internet. Because our intervention
was carried out through the internet, we expected that the recruited
participants would have the skill for digital devices (Satoh et al., 2023).
We announced this study by sending direct emails to approximately
one million adults who had a SAISON credit card, issued by the parent
company of the Research Institute of Brain Activation. The inclusion
criteria for participants were as follows: (a) over 65 years old, (b) psy-
chologically healthy, (c) good eyesight, (d) able to hear instructions
clearly, (e) able to function independently in most aspects of life, (f)
have a personal computer or tablet, (g) able to use digital devices,
(h) able to participate in our classes for approximately 6 months,
and (i) agreed with the performance of a neuropsychological exami-
nation before and after the intervention period (Satoh et al., 2023).
Applicants were excluded if they met any of the following exclusion cri-
teria: (a) apparent history of cerebrovascular attack; (b) presence of
chronic exhausting disease, such as malignancy or infection; (c) pres-
ence of severe cardiac, respiratory, and/or renal disabilities; (d) use
of drugs that might adversely affect cognition (antidepressants and
antipsychotics); (e) previous diagnosis of dementia; or (f) unable to use
digital devices (Satoh et al., 2023). One hundred eighteen participants
were recruited on a first-come basis (64 men, 54 women; mean age:
69.4 + 4.4 years; Figure 1).

2.2 | Online meeting for transforming text to
music using Al (otokai)

The instructors were professional musicians who also held private
licenses as musical trainers with the YAMAHA Music Foundation. The
author JO is the head and the mentor of YAMAHA'’s musical train-
ers, and he selected the otokai trainer who is, he thought, adequate
for this study, based on their achievement and suitability. Prior to
the beginning of the study, the exercise of the otokai instructors was
performed online, dividing them into two groups. First, the author
MS lectured the aim and the background of this study. Then, the
methods of the otokai were explained by the author MS and JO as men-
tioned below. Lastly, the author KT and AY showed how to operate
the MusicTGA-HR. Namely, we taught the instructors about the pur-
pose and contents of the study, the way of holding otokais, the positive
feedback of comments to each subject, as well as the operating proce-
dures of MusicTGA-HR. Total time of the exercise was almost 2 h. The
instructor can question to the authors at any time after the exercise.
After excluding individuals who declined to participate, we established
11 classes of 7—10 members and one instructor each. Each partici-
pant got the operation manual of MusicTGA-HR online, and, almost a
week before starting the intervention, the participants of each group
were explained online about the aim of this study, procedure of online
meeting, and how to operate MusicTGA-HR by the author JO, AY, and
the instructor of the group. Each meeting was held as follows. First,
the theme of the next online meeting was set and communicated via
email to each member. Using MusicTGA-HR, the participant then chose
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TABLE 1 The theme of each meeting of otokai.

Section Meeting No.

1. Concrete pictures

2. Scenes of human activities

NV 0N Ot AW

3. Famous sentences

[ = S =
w N ~» O

4. Concrete short movies

[ = ==
N o i

5. Abstract pictures

N N
= O Vv 0

6. Autobiographical materials

NONN
A WON

the music they thought was most suitable to given the theme. The
file of the music could be recorded in the PC/tablet of each partic-
ipant. Second, in each online meeting, each member presented their
music and explained the reason why they chose it. The instructor com-
mented on the music and encouraged other members to also comment
on the music. Third, the instructor presented the music they chose
and recorded in their PC in advance in the same way as the mem-
bers. Finally, the instructor described the theme for the next meeting,
and the meeting ended. Based on the term kukai, we named this type
of meeting otokai. For the online meeting, a videoconference system
(Zoom, Zoom Video Communications, Inc.) was used. Online meetings
of otokai were held once a week and were 1 h long. In total, 24 online
meetings were held over the course of 6 months.

The theme gradually became more difficult, moving from concrete
to abstract (Table 1). The themes for the last four meetings (from the
21st to 24th meeting) were autobiographical materials; the partici-
pants chose their own pictures or movies, which showed things they
were proud of (e.g., a journey abroad, prizes their children had won, and
their hobbies).

Open Access

SATOH ET AL.

Theme

Mt. Fuji

Atrain

Adinosaur

Carpsinapond

Fireworks

Festivals

Playing a piano

Running in a marathon

A poem by Issa Kobayashi

A proverb

A saying by a famous historical person
A poem by Shuntaro Tanigawa

A sleeping kitten

Seashore with large waves

A toy showing the turning of a Ferris wheel
Awalking tiger

A figure of a Mandelbrot set

A painting by Wassily Kandinsky
A painting by Wassily Kandinsky
A movie with shining lights

Pictures and movies chosen by participants

2.3 | Neuropsychological assessments

Neuropsychological assessments were performed online within
2 weeks before starting and after ending the intervention. Each
assessment required almost 1 h and was carried out at one occa-
sion. Subjects were not paid. For neuropsychological assessments,
the tests were nearly identical to those used in the Mihama-Kiho
Project, which investigated the effects of physical exercise with music
accompaniment in normal and cognitively impaired older adults (Satoh
et al., 2014/2017/2020/2023; Tabei et al., 2017/2023). To quantify
intellectual function, the Mini-Mental State Examination (MMSE)
(Folstein et al., 1975) and the Japanese version of the Raven’s Colored
Progressive Matrices (RCPM) (Raven, 1995) were administered. We
were going to exclude the subject who revealed the abnormal score of
the MMSE, but all participants showed normal scores (24-30). RCPM
not only provides a score but also measures the performance time,
which reflects the psychomotor speed of the participant. Memory was
evaluated using logical memory | and Il of the Rivermead Behavioral
Memory Test (Wilson et al., 1985), which consists of immediate and
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delayed recall of a short story. Assessment of constructional ability
was based on the method described by Strub and Black (2000). A cube
was shown to the examinees, and they were asked to draw it. Their
drawing was scored by assigning one of four possible grades (0: poor,
1: fair, 2: good, and 3: excellent). The Mie Constructional Apraxia Scale
(MCAS) was also used to assess constructional visuospatial ability
(Satoh et al., 2016). The MCAS is designed to assess constructional
disabilities by evaluating not only the shape of a drawn Necker-cube
but also the drawing process. Higher scores are indicative of worse
symptoms. Additional details are available in our previous paper (Satoh
et al., 2016). Frontal function was assessed by two types of tasks: word
fluency (WF) and Trail-Making Test A and B (TMT-A/B). The WF test
consisted of two domains: category and letters. For the categorical
WEF, participants were asked to name as many animals as possible in
1 min. For the letter WF, for each of four phonemes (ka, sa, ta, and te),
the participants were asked to name objects that have that phoneme
at the beginning of the word (Dohi et al., 1992). We used the average
scores of these four phonemes for statistical analyses. It is generally
accepted that the cognitive processing of categorical and letter WFs
is somewhat different; categorical WF is more reflective of memory
function than letter WF (Satoh et al., 2017). These neuropsychological
assessments were administered before and after the intervention for
6 months.

We also used an online cognitive test that we recently developed,
named Brain Assessment (BA) (Satoh et al., 2021a, 2021b, 2022). The
BA covers five fields: number memory, word memory, mental rotation,
working memory (N-back test), and judgment task. The cardinal fea-
tures of the BA include five different versions to avoid habituation,
conciseness (30 min), an automated scoring system, easy access on a
website, and basic data based on a large population of 5000 partici-
pants with a wide age range of 40—89 years. More details are given in
our previous papers (Satoh et al., 20213, 2021b, 2022).

2.4 | Statistical analyses

Statistical analyses were performed based on selection of appropriate
tests from a statistics textbook (Tsushima, 2007). For neuropsycho-
logical tests, including the BA, statistical analyses were performed as
follows: changes before and after the 6-month intervention period
were analyzed. The Shapiro-Wilk test was used to evaluate normal-
ity. If the result was parametric, a paired t test was used; otherwise
the Wilcoxon signed-rank test was used. We regarded the result as sig-
nificant if the p value was less than0.05. We also calculated the effect
sizes. All statistical analyses were performed using IBM SPSS Statistics
27 software.

3 | RESULTS

During the 6-month intervention period, 11 individuals dropped out
of the study due to schedule conflicts, the meetings being different

from their expectations, health problems, or needing to provide nurs-

WILEY- 222

ing care for their spouses. The continuation rate for 6 months was
89.1%. Figure 2 shows the mean number of minutes participants spent
accessing the website, the mean number of words searched on their
PCs/tablets, and the number of musical pieces to which each individual
listened within a week. These numbers were automatically recorded by
the MusicTGA-HR system. For each theme, individuals spent approx-
imately 100—120 min on the intervention each week. They searched
for approximately 40 words and listened to 100 musical pieces each
week. Although the theme became more difficult over time, the number
of words searched and the number of musical pieces the participants
listened to remained almost constant (from meetings 5—-20). How-
ever, for the last four meetings (meetings 21-24), the time spent
accessing the website decreased. These changes suggested that the
participants already had a specific image in mind when they selected
their autobiographical materials.

The total number of participants who were eligible to take neu-
ropsychological examinations after the intervention was 73 (Figure 1).
Because 14 participants declined or did not fully complete the exam-
ination, the results of 59 participants (33 men, 26 women; mean age:
68.8 + 4.2 years; education history: 15.8 + 1.7 years) were analyzed.

The results of neuropsychological examinations are shown in
Table 2. The category and letter WFs were significantly improved
after the 6-month intervention (category WF: p = .003; letter WF:
p =.036; Table 2). The time of the TMT-B was also significantly short-
ened (p =.039). As for the BA, a significant improvement was observed
in terms of the memory of numbers (p < .001; Table 2). From these
results, we concluded that the intervention with the online meeting
using MusicTGA-HR to convert text to music improved frontal lobe
function and memory.

4 | DISCUSSION

In this study, we carried out an intervention in cognitively normal older
adults via online meetings using Al that transformed text to music
(MusicTGA-HR). This activity was named otokai, meaning the meeting
of music/sound. According to a preset theme, participants chose music
made by the Al, selecting musical pieces that were most suitable to
their image and preferences. Professional musicians acted as instruc-
tors and provided positive feedback on the music. The meetings were
held once a week for 6 months and were 1 h long each. The continu-
ation rate was 89.1%. Neuropsychological assessments revealed that
frontal lobe function and memory were significantly improved after 6
months.

Music perception involves complex brain functions underlying
acoustic analysis, auditory memory, auditory scene analysis, and pro-
cessing of musical syntax and semantics, and potentially affects emo-
tion, influences the automatic nervous system, the hormonal and
immune systems, and activates (pre)motor representations (Koelsch
& Siebel, 2005). Many brain regions participate in the music per-
ception: neocortical regions, insula, cingulate cortex, primary and
secondary somatosensory cortex, premotor cortex, frontal operculum,

and auditory cortex (Koelsch et al., 2021). It was suggested that music
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Time Minutes
120 125
100 120
80 115
60 110
40 105
20 100

Va4

0 0

1~4 5~8 912 13~16 17~20

N
—
{
N
~

Number of titles/meetings

«««fl]--= Mean minutes spent accessing the website each week; data are per title (right bar).

—@— Mean number of words searched each week; data are per title (left bar).

-=@=- Mean number of musical pieces to which each participant listened each week; data are
per theme (left bar).

FIGURE 2 The mean minutes spent accessing the website, mean numbers of words searched on their PCs/tablets, and mean number of
musical pieces to which each participant listened each week.

TABLE 2 Results of neuropsychological batteries and Brain Assessment (BA) following the intervention using the Music Trinity Generative
Algorithm-Human Refined (MusicTGA-HR) for 6 months.

Before After Effect size p Value

Intellect MMSE 290+1.0 290+1.0 0 49

RCPM

Score 323+24 327422 0.17 .39

Time 234 +41 230+53 0.08 097
Memory LM-I 135+ 3.3 13.8+3.5 0.09 44

LM-II 12.7 £33 130+ 34 0.09 .39
Visuospatial Necker

Score 29+0.2 3.0+£0.1 0.58 .32

Time 20.6+8.3 20.9+9.5 0.03 .64

Construction 17.6 +0.6 17.6 +0.6 0.33 74
Frontal function WF

Category 16.0+ 3.8 17.8 +4.3 0.44 .003

Letters 14.0+2.9 14.8+2.5 0.29 .036

TMT-A 94+ 46 97 +55 0.06 .96

TMT-B 110+ 52 98 + 54 0.23 .039
Brain Assessment (BA)
Memory Numbers 55.6 +14.0 60.0 + 14.8 0.31 <.001

Words S2L) =D 540+9.8 0.11 .13
Visuospatial MRT 52.1+12.1 51.6+13.6 0.04 .58
Working memory N-back test 58.1+14.4 58.6 +16.2 0.03 .57
General intellect Judgment 538+ 15.6 54.8 +16.3 0.06 .30
Total score 54.4+10.0 55.5+104 0.11 .082

Note: Bold letters indicate statistical significance.
LM, logical memory; MMSE, Mini-Mental State Examination; RCPM, Raven’s Colored Progressive Matrices; TMT, Trail Making Test; WF, word fluency.
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training-related pathway plasticity facilitated the right hemisphere
ventral stream information transfer that connects the middle temporal
lobe with the inferior frontal cortex via the extreme capsule, support-
ing an improved sound-to-meaning mapping in music (Oechslin et al.,
2018). Brain network connectivity can change after receptive music-
based intervention in cognitively unimpaired older adults: comparing
pre- and post-intervention showed significant increase in functional
connectivity between auditory regions and medial prefrontal cortex
(Quinciet al., 2022). We can say that the frontal lobes participate in the
formation of music perception.

Notably, in the otokai in this study, the proportion of male partic-
ipants was higher than that of other in-person nonpharmacological
interventions. For example, for the current study, 55.9% of participants
were men, whereas in an in-person intervention with physical exer-
cise combined with music accompaniment previously reported by our
group (the Mihama-Kiho project), the percentage of male participants
was only 20% (Satoh et al., 2014). Due to the COVID-19 outbreak,
we carried out the same intervention using a videoconference system
(Satoh et al., 2023; Tabei et al., 2023), and the percentage increased to
approximately 50% (Satoh et al., 2023). Interestingly, a questionnaire
administered to study participants showed that more than half would
not have participated in the physical exercise plus music accompani-
ment class if it had been held in-person. Their main reasons were the
risk of COVID-19 infection, trouble with getting to the exercise site,
and discomfort in interactions with others (Satoh et al., 2023). In many
regions in Japan, older men tend to have decreased social activity, and
this problem has yet to be solved (Morinaga et al., 2018). However, the
online otokai may facilitate participation by older men in nonpharma-
cological interventions, increasing the percentage of male participants
compared with in-person classes.

The otokai also showed a relatively high continuation rate (89.1%
over the 6-month intervention). To the best of our knowledge, the
continuation rate for nonpharmacological interventions in older adults
ranges from 65% to 100% for interventions lasting 3—6 months
(Gajewski & Falkenstein, 2012; Kraus-Sorio et al., 2022; Suzuki et al.,
2014). Therefore, the continuation rate obtained in this study is suffi-
cient and consistent with those of similar studies. Our novel approach
using Al for music composition and the gradual increase in difficulty
may have helped keep participants engaged.

The most important characteristic of the otokai was the significant
improvements observed in frontal lobe function and memory after the
6-month intervention. As shown in Figure 3, the participant viewed
the figure, which was the Mandelbrot set used as the theme for the
17th meeting in this study. This visual stimulus was perceived at the
occipital lobe, and then, when the participant listened to music using
MusicTGA-HR, the information was processed via the temporal lobes.
The inferior portion of the parietal lobe, particularly the angular gyrus,
isthe integration site for multiple sensory information. The information
for the figure and music may be integrated, and the frontal lobe then
functions to judge whether the two pieces of sensory information con-
form to each other. The participants compared the music composed by
MusicTGA-HR and the given theme almost one hundred times a week.

WILEY- -2

This process might stimulate their cognitive function. During online
meetings, the instructor would ask each participant to describe per-
sonal experiences related to the theme. In cases in which a familiar
object, such as Mt. Fuji, was the visual stimulus, episodic and seman-
tic memory, involving emotions related to personal experiences, may
be evoked. By repeating these processes for 6 months, we hoped to
improve frontal lobe function and memory.

We also compared the results of neuropsychological assessments
between male and female subjects. The age and education level were
almost the same between them (age, p = .90; education level, p = .68)
(Table A1). As for the neuropsychological tests, the changes of the
scores of the MMSE and RCPM were significantly better in female com-
pared to male subjects (MMSE, p = .007; RCPM, p =.029) (Table A2).
After the intervention, the scores slightly worsen in male (p =.050), but
those of female subjects slightly improved (p =.16). As long as we know,
there is no report which showed significant gender differences in non-
pharmacological interventions to dementia. The present results might
suggest that the effects of nonpharmacological interventions are dif-
ferent depending on the gender. It is a very interesting problem, and
remains to be investigated in the future.

The current study had several limitations. First, the number of par-
ticipants who were included in the statistical analyses was not so
large (n = 59). Thus, additional studies with more participants may
be needed in order to confirm the results. Second, the intervention
period was 6 months. Longer interventions may give different results
and the data of sustainability of cognitive improvements. Third, the
instructors were professional musicians, and therefore, it may be
necessary to train more musicians in order to expand the otokai to
other locations worldwide. Fourth, there was no control group in the
present study. It is possible that the conversational nature of the
otokai may have improved participants’ verbal fluency. We are now
planning to carry out the comparison of cognitive changes between
otokai and another nonpharmacological intervention group in order
to strengthen the causality of the findings. Lastly, the participants in
the otokai need information technology literacy. We expect that the
use of the internet does not represent a barrier for today’s older
population to participate in the otokai (Satoh et al., 2023). Accord-
ing to the Annual Report on the Ageing Society 2021 published by
the Cabinet Office in Japan (Annual Report on the Ageing Society,
2021), approximately 74% and 58% of septuagenarians and octoge-
narians, respectively, utilize the internet, and the rates have increased
almost two- to three-fold compared with the results from 2010 (sep-
tuagenarians: 39.2%, octogenarians: 20.3%) (Annual Report on the
Ageing Society, 2010). The Communication Usage Trend Survey (2020)
performed by the Japanese Ministry of Internal Affairs and Communi-
cations showed that 53.9% of people over 65 years old use the internet
(men: 64.4%, women: 45.7%). Because utilization of the internet by
older adults is increasing yearly, we expect that more older adults will
be able to participate in the otokai more easily in the future. In order
to introduce the tech-savvy individuals to otokai, in-person activity will
be needed by conquering the problem of shortage of the number of
instructors.
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In the otokai, men accounted for more than half of all participants.
This supports the observation that men tend to be more willing to par-
ticipate in nonpharmacological activities if they are held online, not
in-person. Moreover, the otokai can be held in place of in-person activi-
ties despite restrictions due to health concerns, such as the outbreak of
COVID-19, and can also be used for inhabitants of remote and islands
areas. Therefore, this approach may be useful in countries in which the

aging population is growing.
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TABLE A1 Comparison of characteristics between male and female subjects.

Male

Age Mean 69.0
s.d. 4.5

Edu. Mean 15.8
s.d. 13

Edu., education; s.d., standard deviation.

Female p Value
69.0 .90

3.9

15.6 .68

2.2

TABLE A2 Comparison of the results of neuropsychological tests between male and female subjects.

Male

Tests

Before After Dif
MMSE
Mean 29.2 28.7 -0.5
s.d. 1.1 1.1
p-value (before vs. .050
after)
RCPM_score
Mean 32.6 323 -0.3
s.d. 2.7 24
p-value (before vs. .63
after)
RCPM_time

Female p Value
(Dif: male vs.

Before After Dif female)
28.9 29.3 04 .007
1.3 1.0
.16
32.3 33.2 0.9 .029
2.1 1.9
A1

(Continues)
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TABLE A2 (Continued)

Tests

Mean

s.d.

p-value (before vs.

after)
LM-I
Mean

s.d.

p-value (before vs.

after)
LM-11
Mean

s.d.

p-value (before vs.

after)
Necker_score
Mean

s.d.

p-value (before vs.

after)
Necker_time
Mean

s.d.

p-value (before vs.

after)
Construction
Mean

s.d.

p-value (before vs.

after)
WF_category
Mean

s.d.

p-value (before vs.

after)
WEF _letters
Mean

s.d.

p-value (before vs.

after)
TMT-A

Mean

Before
230
45

.23

125
10.2
.26

12.0
3.3
43

2.9
0.25
.16

18.2
6.3
.66

17.6
0.6
.84

155
34
.012

10.5
2.6
71

96.5

Male

After
217
40

135
11.8

12.7
3.8

19.0
8.3

17.6
0.6

17.7
34

10.8
3.0

95.8

Dif
-13

0.7

0.1

0.8

22

0.3

Before
238
37

61

14.6
3.1
.65

13.5
3.3
86

3.0
0.19
1.0

234
9.6
91

17.7
0.6
47

16.6
4.2
29

111
3.9
.89

90.4

Female

After
246
63

14.2
3.7

134
29

3.0
0.19

231
10.4

17.6
0.6

18.0
52

11.3
3.6

98.1

110f 12
WILEY- 2

Dif

-0.1

-0.3

-0.1

14

0.2

7.7

p Value

(Dif: male vs.
female)

A1

.095

24

.36

.64

48

47

.87

.53

(Continues)
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TABLE A2 (Continued)

Male

Tests

Before After
s.d. 42.7 50.9
p-value (before vs. .95
after)
TMT-B
Mean 116 108
s.d. 45 55
p-value (before vs. 52
after)

Dif

SATOH ET AL.
Open Access
Female p Value
(Dif: male vs.

Before After Dif female)
51.2 594
.62
104 86 -18 .57
60 51
25

Note: Bold letters indicate statistical significance.Dif, difference; MMSE, Mini-Mental State Examination, RCPM, Raven’s Colored Progressive Matrices; s.d.,
standard deviation; TMT, Trail-Making Test; vs., versus; WF, word fluency.

A *6 ‘¥T0T “TEO6LS1T

:sdny wouy

ASUAIIT SUOWWO)) 2A1EAI)) 2[qeardde ay) £q pauIaA03 2xe S3[ANIL V() {asn JO SN 10§ AIeIqIT UIUQ AJ[TAL UO (SUOTIPUOI-PUB-SULID}/ WO KA1 AIeIqI[aur[uo//:sdiy) SUonipuoy) pue Swid ], 3yl 3RS *[+202/60/S0] uo Areiqr auruQ Aa[ip ¢ ueder aueryoo) - yoles mnkesejnl Aq £000L €414/2001° 01 /10p/wod K3[im’&.



AIHEZHAVWETFRA MDD OBEADEBRABEOSHEONEERKEZANLIED
fEERIEZ, HEF. MIFE—, BRHE—. #bhE, MBEEF. FERE.

LllesE, KHEFBETE

#E2EEE 2024 £F9 B8 5H

https://doi.org/10.1002/brb3.70007

3=
L&

ATHEA)DERIZFEREF LWHOAHY £9, AFERTCIE, 7TFR M Z2FRICE 827
% Al TMusic Trinity Generative Algorithm-Human Refmed(l\/lusmTG.A—HR)J '?r@iﬁﬁ L
F v Z7A4vRFZBLT. BEOSHEER)ICHNTZZOMRZAELEL 7.

Bk

FIEES 69.4 4.4 ROMBIEEDORAMAICRERASEE 118 & (B 64 &, X 54 4)
A VR—Fy I*T‘%%Li L7z SM0E L MusicTGA-HR Z (R L T, T—<7IC &H S5
SHOLWEBOLNEZEEZERLE LI, T~10 ADXA Y /N=E 1 ADIEEET ERIN
%11 77 X%, %757\’@5@ LRIF v ZAvRFeRBLE LT, SMEEZNT
NEALEEZRERL, MOSMEREEE,»0AX Vb 2R T FE LT, i ABE THE
ODEZNHEZERL. 6 DABDONHNAICL2REMEIICHITL L 7=

S

73— e XERBEWRAERICHEIN(ATITY —WF: p =.003; XF WF: p
=.036). Trail-Making Test-B Ot BEICEHESNEL=(p=.039), £/, 77 1
VERA1T Ak [Brain Assessment] THZEZENE=ICHEFESINF L7(p <.001),

L

#

MusicTGA-HR Z A L 7cEFRIE, ML LA EZ X2 RERASHE ORIERERE LR IR
hedELE LT,



1. 1L ®HIC

SELIcEW, RAVEORBHIIEEICEMLTWET, ]BE. HEF T 4680 FA
b\‘ﬂ%ur%%o’cw%t%&mén ﬁfmgoﬁ)\o)*ﬁiﬁﬂﬁw ZHrES N TULE T
(Strgm b,2016)o TILY A< —fREESZE (Prince ©,2015) IC&£5&, INHD
HFIL 20 ET L ICIZIFFFEIB L. 2030 F£I1T1F 7470 AL 2050 FITIE 1423150 A AIC
95 t%Limfmia“ TV T TIEEIC DRFAEBENEONS EINTULE
3 (Satoh 5,2020), Lfﬁmﬂ °TIE. mml}_)PEfW@EJJ HMEPEEY & W > oA FRIE

DEBASTEVBNAICL > T, RAEDODREZHIBEFHTEDL I LI RENT
WWE 3 (Barnes & Yaffe, 2011; Livingston ©, 2017; Satoh %, 2014/2017/2020; Tabei ©,
2017),

BE. RFONBFTIE, BEEEHNZIE (Moreno-Morales ©, 2020; van der Steen
5,2018), /X—F >V K (Zhang ,2017;Zhou 5, 2021). FZEd (Magee ©,2017;
Van Criekinge >, 2019). %<Z5fE (Garcia-Casares 5, 2022; Liu ©,2022). £ L U A1l
IR (Long ©,2023) ICEIENH D LML INTWET, o, BENAILR ML
ABBICERERMRZF O AL CHoNTEY (deWitte 5, 2020/2022), F2HIE
DITENE L COEER (BPSD) IS T 2R bFEEINTWWET (Dyer 5, 2018;
Ueda ©,2013), % D, RAEZ LD SinE ORAEEICH T 2R IBEINLTW
3 (Dorris ©,2021; Ito ¥, 2022; Moreno-Morales >, 2020),

RO TlE, B EFHOBELCRBREL LIV ILE—A v IT~ADREDERICOVTD
HMEARESINTULET (Dingle H,2021), SXRIECLEIES, SEHEICITRS
D DEFEFNRIEADLETTA, AIOREICEY ., IO DFEEICHLETHSMN
TEHHFHLLAIEENEEFNTULET,

BREDANTHIEE (A) OFKEICLY, SFIEFHROBTCAERESHARITONTLE
o BIZIE. ChatGPT D & 5 @EEX’*’J AllE, ADENFEECTFIMIEDOWTE
t)J@IEI SHERT DT ENAIBETY . EIRERK Al (f: Stable Diffusion Online %> Bing
Image Creator) Tld. AAWSINT=TFX M oFHLVWEGREIEYVET LA TEE
T INHDAFEMOFEREHUWZ S DA [Music Trinity Generative Algorithm-
Human Refined (MusicTGA-HR) | T3 (https://www.amadeuscode.com/musictga-
hr)o MusicTGA-HR [&. X BT 4, UXL, N—F=—, EFB, BBER. RXAILHE
DEBRBREZNELIZT —REEIC, YWE\TZD?#—X l\)\j]% H LT LTIZIFERD
?RH?Z@*L&%%E}ZT% ENTEEXT, TOEAMIC HPINGEEINEZ =TT



WEWATH, BODA X —IPaArvE 7 MIREAESESRIRTESLOICHYEL
7= T DFEAMTIL YouTuber D THLLKFHEINTH Y, B HFRF T 44,000 LLED
EEERMNERINTWET,

— AT, BEERAITOEERYHNANE L TIL, B, =, &g HERCORLRE
BARAREM L —Z v e LTEREINTVWET (AFREREFE, 2017), BATIE
FFDERBWRARE N L —= > I PMfTTbhbTs Y SMENT—<ITHh-> THED%EE
L., TNEMDOA Y N—DFITHELES, ZOFEHE D] EMiEh, bbbl
FEEmTIThNTWE LA, IR a0+ 7 4L REEAE (COVID-19) DRATIC L
D, v 74 VERXTHIESI NS LS ICHRYEFL, ZOEEHIH. Fh7-blT
MusicTGA-HR % FRAIMKRECNE D /- D DIEEYEE L L TUILATZ 2 AJ8EED H % LR
L F L7, MusicTGA-HR ZfEA T MIE, AN T —<ICHRBEILLER I EEZEND
ENTEFT, ZLT AV TAVEFETZOEREZRKXL, bOSNECIEEENLNZ
DERIIOVWTORBEZRRFE T, Z0FEEZ, Fao Al TV, (2] &4
MirE L7, [FE] CIZEAET [BX/EF] & (23] 28%KLET,

COMEDOEM L. HBEEFORELRSEIEDRANEERELXENE L [BT2] 0F
A RABT B ETT, ETHRBVXTLERAVWTCe M ABESEEmEL. MA
HIM B TR E TV E Lz, AAEROETELRLEIE. NABEBIE OHELES
EFHmDOZEN TY, AR DIERN., HRWICEEN ODREBDOFEETH 2R FETHIC
JCBENBZ EZHFLTWLWET,

2. Bl & Ak
2.1 W HRE

AARTIE, BHARICEOVWTHRELRZREL £ L7 (Tabei ©,2023), LUFIOH
RTIE. BEEHEIA VY TAVEFHV ZRIZ1M4ELDSML. DI B I5ELDT—X
HERAWTEITZTo7-/ER, BSEEMEEICEHET 5 N-back BETEEARENLRE SN
EFL7o AFRTIE. 1 70— 12Z2DF10 7 v—7 (FEH120%) ZEtEBEILE L
7= (”1), AY2—Fv b 2BL THREZZEL, TYVXLTNAREFERATES
ZAXNDHDHIEEFIRICSMELZRVE LT, RERMIC. £EIET118 4 (Bt e4a
2. L4 %, FHYER 69.424.4 5F) D RERY F L7,

EEEHLE



o 65 LE
o FEMRRYICIRER
« RAORLF
o IETHERREICEZEND
o ML CHBEEZXZENNHD
o BARPCE7IZR7L v b%ZFTHE
o FTIRILFINA R ERVETTRE
e 6N AMDY T XIZEHNA]RE
o NMABIE QMR LIELR M % RHE AT L
BRoVELEE
o BLALRINMEREE OEEE
o BUNLEEMERE (BMER. BEELLE) OFHE
o DEEB. TRBELR. BEEOEES
o WHBEEZLZZEA ()2, FismREE) OFFFH
o FRHIE D EZMTIE
o TIURLTNAZRNMERBTERW

22T X R M HLFREADEBREAVEF Y SM1 0 2E (S

HEOEEE Y, VYN BERESTERMN —F—0EREZFO7TADEERTL

Too BED—AN (JO) BVYNDEEI L —F—DEEETHY. COWRISELT

BEEAZORBEBEICEOVWTRUE Lz, AMERFEKBEIC. BEDIBEEA TR
ELTEFVSAVEBE2ODDITL—TIIHITTEBLE LT, BETIE. UTOR

A8l L

1. & (MS) ICL 2RO BENEHRDHEE
2. MS £ IO ICL BB DA ENEA

3. EF (KT & AY) (2K % MusicTGA-HR D ig/FziEH



BET TR 2 B OEENTON, BEFIFETRLMERERICERAIREE LE LT,
:%M%%th%%%ﬁ\Two%®x>wvat1%®%§%#b&é1173xﬁﬁ
&éﬂibtoR£M%”iMmmmwmwﬁwvzlﬁ»ﬁ#754y?ﬁﬁé
. IMARA 1 BEFTICIEER (o, AY) BLUTREHRICLZMEOEN, 74
Y2 EDFIE, MusicTGA-HR DIREAEDRBASA1THhNE L 7=,

E2DEEFIE
1. REISEDT —VHERIIAXA —IILTEHNEINS,

2. ZhN#E 1L MusicTGA-HR ZFA L., T—VICRLBELE-SE%2ERT S, 205
EKT77AILIEZPCYERT Ly MMIRFRTRE,

W

3. DETIE. BEMBENBALEREZREXL, TOEHZRBAT S, EEELMHD
AV N—=pPaAX Y N HETH,
4. IBEEHER L 7-FEZHEK L. BRICEDR,
5. REIOT—YZ/EENMEL. SF KT,
£:%121% Zoom (Zoom Video Communications, Inc.) AMERA I N, 1 BFEOESEHE 1
B, e "BEICHhI-YEst24EFEESNE LTz, T—~IZEFENALL DL SHROR
HEDONEERBENICHIEN AV E L (R1), RED4E (B21~24[0) OT—

VIIERIERNLRRNRTHY . SIEHIPBEEOEECHE ) BAKRIT. FEIZFEL
7-E. BOOEKARE) #ERALE L,

F1.E208EDT—

tovav ARES TV
1. B RER 1 gl
2 5=
3 TS



tsvav REES

2. NEVEB DA

(¢

[¢)]

3. BHMEX 9
10
11
12
4. BRI ISR 13
14
15
16
5. FSRAY A IR 17
18
19
20

6. BRI EM 21
22
23

24

5

7/ %<

Y7V EED

INR—ZR D FEA)

E

FEEI A DEZE
HNEKEBDEF

BTWB T
KEDFTBLEE 2 /BF

ElEnd 2 BB ZIL /-ITE
SR

TUTILTOEEDH

T = hAVT AV RF D
TV = hrT AV RF D
HB 7 A b DM

SMENBRATLBEECEH



2.3 RO S BT

AFA 2 BERI S L T 2 BELUAIC, > 74 THROEFIFHMZ =M L
F L7z, FHEIEW1BETRET L. 10y a >y TiITWE L7z, FHMICIEFEICHUT
DIEENEENE L

o FIAYBEHE: Mini-Mental State Examination (MMSE). Raven's Colored Progressive
Matrices (RCPM)

o F018: LogicalMemory (BENFFEB4 & EIEFSE)
o WREEN: x v h—F a2 —THE (PREHEBE 704X 0Fb)
o HISEZEHEEE: Word Fluency (WF). Trail-Making Test (TMT)

IHIC, BREREINTF T4 BT X b [Brain Assessment (BA) | #{FEH L
T, BUEERIE. =B, BEER, FEELIE (N-back 7R b)), FIWEEEZFML
L7ze INHDT R NEIER] - BEERTHEBEIN, Bt THONE L7,

3. f&R

6 NABDNARER, 11 LART Y 12— ILOHE, BELOBE, F/LIZHFLE
BRBHEHRTHEEL X Lz, REMNAMBEERIZ 89.1%TLZ, MR LEENREZ T2IC
RELI-SMEIL73EA T, DB 59 EZDT—% (BH33L. Lt 26 %) MFEEHEN
ICERaENE L7,

FLER
e NTIY—WF EXFWFAEEICHE (p=.003,p=.036),
o TMT-B OEEIA%EM (p=.039),

« Brain Assessment OFfEELENEREICHLE (p<.001),

4.5

AFETIE, ATHBE (A) ZAVWTTXF A MY OEZEEZERT DT A
(MusicTGA-HR) %2R L7=F > 74 v &iE (B2) 2. RIANICEBERLSHEZ TR



ICERELE LT, COFEHTIE. HODLLOHEREINIZT—ITEIWLTAIHAERL
T-EREESMENFEIRL., ZOBRBHZRERLE L, BEETHLTODEFER
id, FRICHLTEENR 74— MRy 2RI LE L, E2I13E 10, 1 FHEOKE
A T6eNABEMEIIN. BHEXRIL89.1%TL7z, MR OLEBEFZNTFMOER. 6 »ARED
NARICHIEEMEE L BREADEBERICHEIN - EDNREINE LT,

EE X MO E

BEOMRBIZ, BEENT. RELR. BECELERONE, RE~OFE, BEWHRE
EN aﬁ/v%/zotoﬁaf%i@;ﬁlﬁtﬁt B BEEZ UL E T (Koelsch & Siebel,
2005), BEAMBICEST 2WBEIHICIEZ, —XRBLUVZRRERE. sREBF., fiEAE
8. BRE. ?HH(EZ?T\ ’—EEEZ 7&&75\5 FNFEFT (Koelsch ©,2021), HXRIIEIL
BHIROEAREICE ERETREL, BEERKOY Y EV T 2WET S AE ﬁ
ﬁ%%&f@éﬂfbi?(&ﬂﬁmbjm@oit\ﬁ%ﬁgw% BIF2EEN
—ZADNABICHD Ry 8T = EGEAZTIT 22 EABESNTWET (Quinci b,
2022), INLDHEN L, BEEMBICIIFEENEEZLFRIZR-TEEIoNE
ER

%ﬁo%%%w%é

FETIE, BE~DBEMUSIERMN 55.9% & LEEBHNSE <. NEERDIEEYEE L LK
LT%%T“?ﬁTLtottKi FT=HBDHLLFI %%Lt BREMHSEBI TR

(Mihama-Kiho 7R8> = 7 ) T, BHESMEIL 20%I08F £H A TL7 (Satoh

»,2014), COVID-19 OEETREREDONAZ A > T4 VA TITo72BRICIE. BHESH
KA 0% L £ L7z (Satoh 5,2023), 77— MERICKE &, Z<DBMH

SmENSEFEATIESIMLALr /BB E LT, BEEY R, 25E~OBHDOREH

S, BELEDORANDORREZZIFCULET (Satoh ©,2023), ZDLHIT, T4
VERDERIIESHRBUNFEEMELRICSNT 2Z >0 ITZ2RELI Z2HDTT,

ﬁﬁ%@ﬁé

SOMFEIL 6 N AT 89.1% & LBME VIKEZRL £ L7z, FFEYREEDMKET
+i—&m; 65% N 5 100%DEFH TH S Z LA LN TEHEY (Gajewski &
Falkenstein, 2012; Kraus-Sorio &, 2022; Suzuki ©,2014). AR O R (LD
EEA. TN%E ERIZKETT, AIZFERALIZFHLLWT 70 —T?T-?@Eﬂ%ﬁ’\]ﬁ
HHBEDLRED., SMEOELZHITT 2T & ms/-mlgeErH Y £9,



BISHIEMEE L SRR hDEE

EEDBERDOEHIE. NARICHEEKELZEBIVERICHEINI-ATT, -&X
. B17EZIAEOTFT—~ERALE [T 70ES] OFIE. SEDOMA TLL
ToLHICBEIN-EEZZoNET (M3SE),

1. BENREARBEETCIHNEIND,

2. MusicTGA-HR Z AW TEIR SN/ BFEIEEHF CUEINS,

3. RREIFBRHEBETE FFICAR) THREINS,

4. BIBEEA NSO ORBIEFERN—HT 2100 h2HTT 5,
SIEIZEBEH100E., COLO B TAERERBYRLELE, 70 74045
FETIE, BEELN T —VICEET AEANRRRE RN L SKRDE LI, ZDLD
2. TEY —FERBECERIEAPIRIEND Z & T, BIEEEENRIEE N/-F§E
A BN EST, COTOERE 6 NBEREYRT Z & T, RAEEOHENHFTE
HEEZLNET,

RIS & BFHERDEL

MR CERATEER A kB L7-& 2 A, MMSE X RCPM ICEWTLHHD (15 M BEMH
VL EENRWMERANRE S5 E L7z (MMSE: p=.007; RCPM: p=.029), ZHIFFEEK
MEEICE DRI UR TELRZAREMEZTELTHY ., SBIOLEIWELNET
ERR

I
AFRIZIZWL DA DHFINDH Y F 5,

1. BITICERASINZSINER (n=59) 1L RL,

2. M AN e A EREMTH Y., LV RIABOMRZRALT 20 ENDH 5,
3. BEENTODOEFEERTHY, MO TERIE S ICIFIBEEDERI’LE,
4. WG WH, BRORREEFRZ LVAREICT 27-DDHEAKH 5N B,

5. ZMEFIFTHREAM T) VT 72 —2bBET DD, TIXLT N ZRDER
ICTEN L SIENONICHRE L LD,



5. i5im

HRld, AIEERESLUVRENEZRET 2EYELL L THEBICEETHD Z LN
RENFE LTz, BT, AV T7AVEATH D725, COVID-19 D L 5 BfERY X7 PR
BT 7 ADHKAHZIRRATHERAETHY ., BEOSHEALICLEFSLET,
ZoT77a—FE, ZRMCES ICECEmE~OERLBEFEIN, st ETHS
TORAVEFRHICH - Az IRET 2 DT,






