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I. Concept

1. proposed MS Goal
1.1 Proposed MS Goal title

“By 2050, we will achieve an ultra-diverse society with zero loneliness through the

acquisition of the means of communication.”



1.2 Vision for 2050 society

Our team digitized people’s feelings. The research findings are that visualisation,
communication, and modeling technologies will lead to an ultra-diverse society. It is possible
to eliminate loneliness through mutual understanding, promoting empathy, and developing
emotion-centred services. Cyber-physical systems (CPS), which combine and link artificial
intelligence (Al), information and communications technology (ICT), and virtual reality (VR)
technologies (cyber) with the real world (physical), are currently active in all fields. For
example, self-driving cars, robots, drones, and telemedicine hold particularly high promise.
On the other hand, although human information is part of the “physical” part of the CPS,
information about the “heart,” which is one of the most important elements of the human
being, is inadequately handled. This lack of information makes it difficult to communicate
directly with the heart in cyberspace through email, social networking sites, video
conferencing, and other forms of communication between people and the various services in
cyberspace. Furthermore, differences in language, culture, gender, and age also contribute to
the mental barriers that make communication and empathy difficult.

Our project aims to construct a next-generation CPS by realizing the digitalization of a
person’s feelings and the human “mind” and acquired a new tool of “human communication.”
Humanity in the future society will be able to overcome the mental barriers that cause conflict.
The final goal is realizing an ultra-diverse society that creates “an emergent community of
understanding and empathy among all human beings.” We applied non-contact and
unconscious multimodal biological information and Al analysis to model a person’s feelings.
These technologies make it possible to visualize the state of mind of individuals and groups.
In this way, we can actively understand and acknowledge others. Through this process,
everyone can benefit from self-affirmation. For example, all people in the world can
understand each other and sympathize without conversation. Humanity will be able to learn,
think and create together. In addition, mental modeling forecasts mental and activity changes
in individuals and groups.

The model allows us to demonstrate and quantify how everyone can feel oneness and well-
being and work together while respecting individuality. Researchers are currently using
various services in cyberspace. Moreover, if we can understand and digitize a person’s feelings
with CPS and digital twin systems, users can access services they want just by thinking or
feeling. It will also be necessary to create a new interface for this purpose.

Thus, in an ultra-diverse society, it will be possible to live in harmony with others and achieve
self-realization using various digital services (see Figure 1). This research team has a strong

will to transform a new community society with diversity and non-loneliness.



Figure 1
A Vision of Society in 2050
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2. Targets

In this proposal, as a proof of concept for the developed technology, we set three targets in
the following areas: “communication between humans,” “communication between humans
and “things,” and “social change.”

[Communication between Humans]

® By 2050, we will be able to make crucial decisions at the group/national level without
words by visualizing and communicating the collective mind using biometric, linguistic,
behavioral, and environmental data that we sense daily.

® By 2030, we will be able to understand the mental state of others by visualizing their

minds using biometric, verbal, behavioural, and environmental data that we sense daily.

Feasibility

Visualizing the mind requires measuring biometric, verbal, behavioral, and environmental
data naturally so that the measurements do not interfere with daily life. Therefore,
researchers are developing wearable sensors and technologies in Japan and worldwide to
measure biometric, speech, and language data in a completely non-contact manner. For
example, the technology to integrate various biometric sensors, electrodes, and wires into
clothing is becoming practical (Ritsumeikan University, see Figure 2). Although these devices
have an external circuit board, researchers are investigating various wearable biometric
technologies. For instance, they are looking at biometric technology that integrates sensors
and circuits on an ultra-thin film that can be attached to the body (Yamagata University) and
a capsule-type sensor that can be swallowed and measures biometrics from inside the body
(Tohoku University).

Figure 2
Smart Wear (Ritsumeikan University)
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As for the mind’s visualisation, our team conducted a feasibility experiment with 42
participants at the Music Trial WS organized by the Nishimoto Team. As a result, we
succeeded in capturing the changes in the mind during the concert by non-contact autonomic
nerve measurement using a camera, central nerve information using a wearable device, and
text measurement, which shows the system's feasibility (Figures 3 and 4). By bringing
together the above technologies, it will be possible to measure and visualize the human body
and mind in everyday life as early as around 2030 and realize the core fundamental technology
of this proposal.

Figure 3
Measuring the Autonomic and Central Nervous System During Orchestra Viewing Using
Wearable and Non-Contact Sensors

Figure 4
Changes in Feelings Before and After Watching the Orchestra by Text Analysis
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The feasibility of data transmission and storage in cyberspace depends on the network
traffic. It also depends on the coverage of the communication area and the number of
simultaneous connections. According to the Digital 2021 Global Overview Report, Internet
users account for 59.5% of the world’s population. On the other hand, researchers expect the
continued development of mobile communications technology will extend coverage over land,
air, sea, and space. As for the number of simultaneous connections, the scope is ten million
devices per square kilometer, ten times more than the one million devices per square kilometer
defined for 5G. According to an international statistics website (cited above), the most
densely populated region in the world is Macau, with 21,067 per capita per square kilometer,
so the scope of 6G’s concurrent connections could withstand 474 devices per person. Thus,
the social infrastructure will be able to withstand the 2050 target. Figure 5 provides a summary

of 6G requirements.

Figure 5
Technical Requirements for 6G
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[Communication between Human and Things]

® By 2050, devices will visualize the mind using biometric, linguistic, behavioural, and
environmental data, understand and predict changes in mind and behaviour, and make
suggestions, reactions, and services tailored to the mind.

® By 2030, devices will visualize the mind using biometric, verbal, behavioural, and
environmental data to understand the mind and complete actions according to what is

felt or thought, without explicit manipulation.

Feasibility

This project used visualisation technologies in the communication between humans as a
human interface and applied operations of “things” and “things” to understand the mind and
realize new services. The 2030 target is feasible as [human communication], although some
“things” may require more immediate response than human communication. However, there
is a problem of delay in transmission when communicating through cyberspace. According to
the 2020 White Paper on Information and Communications, implementing Beyond 5G,
currently under study, could reduce the delay to 1/10 of 5G. As a result, the latency in
communication could be around 1msec. At the same time, ITU standard G.114 states that up

to 150msec is acceptable for communication in cyberspace, so it is technically feasible.

Figure 6
Outlook for Future Communications Technology
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As in communication between humans, there is a need for accurate, smaller, and more
power-efficient biometric measurement methods, data transmission, and integration.
However, as mentioned above, we expect a sufficiently developed communication

environment to achieve the target by 2050.

[Social change]

® By 2050, heart-centred communication will have spread worldwide, and we will be able
to build rich human relationships and communities without words, leading to an ultra-
diverse society with no loneliness.

® By 2030 it will be possible to collaborate in the arts with anyone using the mind as the

primary means of communication.

Feasibility

It is necessary to make the products available to those who need them to achieve this goal
by 2030. In this respect, researchers met the targets mentioned above. Moreover, as
mentioned in the previous target, it is technically feasible to reach a practical level. Therefore,
researchers can likely achieve the 2050 target since they expect the target’s apparent and

latent demands necessary for its diffusion (refer to I1. Analysis).



3. Background
3.1 Why Now?

[The demands of society]
The problems of Japanese society

The Harvard Study of Adult Development, followed for more than 75 years, concluded that
relationships are the most important factor influencing happiness and health. We also know
that mental stress, influenced by relationships, is closely related to production efficiency, work
efficiency, economic profit, and learning efficiency, so building and maintaining good
relationships is essential for individuals, organisations, and society. In addition, Japan’s
happiness ranking in the world is low, and it is necessary to solve these problems in terms of
human relations and communication. In the last few years, Japan’s happiness ranking has been
below fiftieth place.

One of the reasons for this low ranking is Japan’s meager score in generosity compared to
the top 10 countries, indicating a low level of satisfaction in mental well-being and
relationships with others. According to the UNICEF survey on children’s well-being, Japan is
in twenty-seventh place in the lowest class in social adaptability (e.g., making new friends),
and 62.2% of children are satisfied with their lives in mental well-being (compared with an
average of 75.7% in 38 countries). In addition, the suicide rate (the number of suicides per
100,000 people) among 15-19-year-olds is 7.5 (compared with an average of 6.5), which is
considerably worse than the average among the 38 countries. Considering Japan’s presence
and value in the world, improving happiness through a rich and caring life is an essential social

issue in Japan.

Table 1
Comparison of the Top 10 Countries in the World Happiness Survey with Japan
- Dystopia (2.43) + Explained by: Explained Explained by: Explame(.i by: Explalne.:d by: Exp!amed by:
Country |Parameter link K Freedom to make  |by: GDP per i Healthy life Perceptions of Social Score
residual . . i Generosity .
life choices capita expectancy corruption support
1. Finla 3.25 0.69 145 0.12 0.74 0.48 111 7.84
2. Den 2.87 0.69 1.50 0.21 0.76 0.48 111 7.62
3. SwitZ] 2.84 0.65 1.57 0.20 0.82 0.41 1.08 7.57
4. lcela 297 0.70 1.48 0.29 0.77 0.17 117 7.55
5. Neth 2.80 0.65 1.50 0.30 0.75 0.38 1.08 7.46
6. Norw| 2.58 0.70 154 0.25 0.78 0.43 111 7.39
7. Swed 2.68 0.68 1.48 0.24 0.76 0.45 1.06 7.36
8. Luxe 2.65 0.64 1.75 0.17 0.76 0.35 1.00 7.32
9. New 2.61 0.67 1.40 0.28 0.78 0.44 1.09 7.28
10. Austri 2.78 0.64 1.49 0.22 0.78 0.29 1.06 7.27
Average 2.80 0.67 1.52 0.23 0.77 0.39 1.09 7.47
SD 0.19 0.02 0.09 0.05 0.02 0.09 0.04 0.17
56. Japan 2.05 0.50 1.39 0.02 0.84 0.19 0.95 5.94




Japan’s Problems in the Context of Global Trends

Today, Japan’s GDP is the third-largest globally, after being overtaken by China in 2010,
behind only the US and China. Therefore, Japan remains one of the richest countries in the
world. In this context, a phenomenon called the happiness paradox arose. This well-being
paradox indicates that countries with high GDP do not necessarily have high levels of well-
being. It also signifies that rising incomes do not necessarily lead to higher levels of well-being
and that there is a saturation point at which well-being levels off after reaching a certain
amount of income. Thus, there is a saturation point in well-being, and well-being reaches a
ceiling when income exceeds a certain level. In economic activity, as articulated in Mr.
Tateishi’s (founder of Omron) futurology, economic growth is represented by a logistic curve
(S-curve), similar to the evolution of the population of an organism. Figure 7 illustrates this

concept.

Figure 7
Growth Curve of Economic Activity
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Economic activity goes through a period of growth followed by a period of slow or steady
growth. Today, Japan is entering a period of slow or steady growth after a period of high
growth. Economists predict that Japan will move from mass production and mass
consumption to a period of moderate growth and steady-state and reach an autonomous
society. To achieve this autonomous society, researchers predict that technology supporting

the spirit and connection between mind and body will become more important than the
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materialistic society of the past.

Mr. Tateishi, the founder of Omron, proposed the Seed-Innovation to Need-Impetus Cyclic
Evolution (SINIC) theory. The theory states that our societies will move away from the
industrial, automated, and informational society that has continued to grow (in pursuit of
material wealth) and towards an autonomous society (in pursuit of spiritual wealth). With this
movement, the 20 years between 2010 and 2030 will emerge as an optimised society. Creation
and destruction will resolve the chaos and conflicts of the transition period. To achieve a
paradigm shift from the current optimised society to an autonomous society, we need social
transformation and technological innovation to enrich our minds towards an autonomous

society at this very moment. In addition, we need to find a solution to the paradox of happiness.

Impact of COVID-19

The World Economic Forum (WEF) chose “The Great Reset” as the theme for its Davos
meeting in May 2021. The global pandemic demonstrated our interconnectedness. At the
same time, the spread of the new coronavirus is having a serious impact on economic growth,
public debt, employment, and human well-being. In particular, it is exacerbating and
increasing the severe social and economic impacts on the poor and vulnerable, and
fundamental inequalities and disparities, particularly poverty, gender inequality, and racial
injustice. To bring a better world out of this crisis, we need to build an entirely new

technological innovation and economic and social system.

Requirements in Science and Technology

As mentioned above, today’s society faces problems related to human relationships, such as
declining happiness, mental loneliness, and bullying. Therefore, there is a growing need to
transform society into one that fosters mental well-being. In the long term, it will be difficult
to solve human and social relations problems, such as differences and conflicts between
individuals, between individuals and groups, and between nations, without fostering mental
well-being. Therefore, for everyone to develop a richness of mind, care for others and think
about people in other countries as if they were our own, it is important to deal with
information about the “heart,” one of the essential elements of the human being. For example,
you may have sent a casual email that ended up in a fight, or your social networking site
unexpectedly went up in flames. In these and other instances, the sender may not convey their
thoughts, and the receiver may not grasp them accurately. How we communicate also depends
on one’s personality, ideas, experiences, knowledge, past events, and even mood (which may
also be related to one’s physical condition). Is there anything that we could have done before

this decisive division occurred? When people come from different countries, cultures,
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religions, and other social backgrounds, sometimes it is challenging for both parties to
communicate their feelings and thoughts accurately unless they spend considerable time
understanding each other’s situation, as described above. Can’t we get on with each other
right away? Can’t we stop the war right now? And what if we knew how our babies felt? It
could provide an opportunity for parents who are too busy with housework and work to spend
time with their babies to grow up together, learning why they are crying, their minds, and
their behaviour.

To do this, we first need to develop mind-reading skills. This skill requires state-of-the-art
sensing technology that collects biometric and environmental information through wearable
sensors that are not worn on the body or even noticed by the wearer. The central nervous
system, autonomic nervous system, and behavioural analysis technologies will also be essential
to characterise and make sense of this information. With this technology, it will be possible
for people and “things” to perceive human feelings. Second, the technology of knowing is not
enough to solve the problem of miscommunication. It is necessary to develop a technology of
mind-connection, that is, a technology that connects the mind, its behaviour, state, and
predictions. In this technology, machine learning and big data analysis from characterised
biometric data depicts the state of mind, making possible psychological indicators, behaviour
prediction, and emotion estimation. In addition to people trying to understand and connect
with others, this could be a technology that allows “things” to recognise people’s minds.

And what if you could use CPS to express your heart freely? What if you could learn about
your relative with dementia, their favorite things, their most memorable memories, and
experience their memories together in cyberspace? Do you know someone with locked-in
syndrome? What if you could play music with them using your mind and form a band with
them? What if you are not good at drawing, playing instruments or singing, but you can create
art with your mind? In this way, the CSP-based bio-signal expression technology (mind-
expression) makes it possible to do creative work without regard to place, time, ability, or
function. This technology needs to be enhanced by a brain-computer interface, brain science,
and the augmented reality (AR) and magnetic resonance (MR) research fields.

In addition, in research such as this, where we look at transforming social change or the social
system, it is important to change people’s behaviour and consciousness. However, it is not
easy to change established behaviour and consciousness. Therefore, rather than science and
technology changing society and individuals, societies can transform individuals using sensing
and interfaces as technological tools. For this purpose, it is necessary to solve technical
problems with integrated knowledge that combines engineering and information technology
with psychology, social science, medicine, and other scientific disciplines, although they are

currently separate fields. This goal cannot be solved in the short term and involves addressing
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Japan’s R&D programme issues. The goal is an attempt to use CFS to renew human
communication and bring about social change. The development of the elemental
technologies involved in building a communication infrastructure is challenging. It is also a
technology that transforms people’s consciousness and needs evaluation in the long term to
track its effects.

As we have seen, there is a common human need to visualize, understand and use the mind.
However, we can only realize this by bringing together several different disciplines such as:
psychology and psychiatry, where researchers have studied the mind extensively, and medical
engineering, ergonomics, electronics, information science, chemistry, physiology,
biochemistry, cognitive science, data science, sociology, communications engineering, and
artificial intelligence. It is not possible. For example, if we want to visualize the mind based
on biological information in our daily lives, we need to establish advanced and diverse means
of biological sensing. This task will require collaboration between medical engineering,
ergonomics, electronics, and information science.

In addition, the visualisation of the mind from biometric data requires collaboration between
psychology, data science, cognitive science, and information science. In addition, when an
individual’s visualisation of the mind develops into a group’s or society’s visualisation of the
mind, research and development are necessary based on each scale. This research is required
because biological measurement, analysis, and expression methods differ according to the
scale. In addition, it will be necessary to collaborate with sociology and other fields.
Furthermore, considering the development of its application, the cooperation scope will
expand to all areas related to humans. To achieve this goal, collaboration among various fields,
regardless of whether they are in the natural sciences or the humanities and social sciences, is
essential and cannot be achieved in the short term.

13



3.2 Social Significance of Achieving the Goal

Given the significance of the vision of the society we want to achieve by 2050, the goals of
this project must be in line with society’s desires. In addition, conducting the targeted
development may require further consideration of its use and ethical and legal developments.
However, if these requirements are satisfied, the range of uses will be broad. Thus, it will
become the ideal social vision for 2050 and a guideline for researching and developing new
mind-handling technologies. Based on the above, we will explain the significance of the vision
of the society we want to achieve in 2050.

In an ultra-diverse society, people will constantly reflect on themselves and strive to
understand themselves and the process of “individuals.” They will firmly recognize their
identity, which will normalize in the context of their connections with others. In other words,
with zero loneliness and no miscommunication, everyone will have the opportunity for
personal growth and fulfillment in life through the affirmation of others and self. An ultra-
diverse society is an idea that links diversity to fulfilment in life. This ultra-diverse society will
provide the basis for a suicide-free and vibrant society where everyone can take on the
challenge of creating new experiences and values, where autonomous individuals receive
nurturing.

Next, we will explain the significance of the achievement scene described in the previous
section.

[Communication between humans]

® By 2050, we will be able to make important decisions at the group/national level without
words by visualizing and communicating the collective mind using biometric, linguistic,
behavioral, and environmental data sensed daily.

[Communication between people and things]
® By 2050, devices will be able to visualise the mind using biometric, linguistic, behavioural,
and environmental data to understand and predict changes in mind and behaviour and

develop proposals and services tailored to the mind.

[Social Change]
® By 2050, heart-centred communication will have spread worldwide, and we will be able
to build rich human relationships and communities without words in an ultra-diverse

society with no loneliness.
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3.3 Action Outline

This goal aims to transform human relationships in individuals, organisations, and society,
using technology to visualise and connect the mind as its core. To achieve this goal,
researchers need to bring together wisdom that transcends the boundaries of research fields
such as psychology, social sciences, traditional music, ethics, engineering, informatics,
cognitive engineering, and bioengineering. In addition, in promoting research, researchers
need to engage in dialogue with the public and academia and promote international
cooperation between industry, government, academia, and overseas countries concerned
about isolation. It is necessary to incorporate Generation Z’s opinions and research ideas, who
will be the main players in society in 2050 and implement them in society by including them

as researchers in research projects during their development.

4. Benefits for Industry and Society

Suppose the goals we propose bridge the gap of time, space, age, gender, nationality, race,
ethnicity, religion, language, culture, and ideology of the world's people and build good
human relations. In that case, it will create a new shared world culture, not just intercultural
exchange. While nurturing our respective cultures in physical space, we can enjoy the value
of another society in which people worldwide can empathise with each other without borders,
cultures, or languages in cyberspace. It is easy to imagine that this will lead to the
maximisation of various possibilities such as employment, learning, and entertainment, which
have been constrained by distance and time.

With the current new coronavirus infection (COVID-19), the proportion of work, study,
and communication via the Internet is increasing rapidly. The amount of time and
opportunities for communication in cyberspace has increased significantly, a complete change
from how we live. We expect this use of cyberspace to continue in the post coronas to prevent
the spread of new infectious diseases. Such life and relationship building in cyberspace will be
essential for a sustainable society in the future. While cyberspace is a way to prevent infectious
diseases, it is also a basis for building new relationships across time, space, and language if
well used. Thus, this project aims to construct a sustainable society where all people worldwide
can empathise and trust each other. The Gartner Hype Cycle predicts affective computing as
an area of research expecting a high level of innovation. Therefore, affective computing is an

area of high innovation potential. Figure 8 illustrates Gartner’s Hype Cycle in 2020.
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Figure 8
Hype Curve Showing Trends in Technology
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For example, we could apply affective computing to the business of emotional analysis, such
as analysing a consumer’s reaction to an advertisement or estimating the preferred products
of a shopper in a shop, or to medicine, where doctors can make quantitative judgements about
a patient’s pain. Furthermore, we can apply Al, computers, and calculators that care about the
mind to automated driving, digital assistants, and digital humans. This application will lead
to creating new system proposals in Japanese and global industry that integrate humans into
various fields such as service, medical welfare, automotive, amusement, and communication.

The United States and China are the leading countries in cyber communication, cyberspace,
and social networking services (SNS). However, no proposal or system uses SNS or
cyberspace to build human relations or improve mental state. Caring for others is something
that the Japanese are very good at, recognised around the world. If psychology and
engineering can combine to offer new wisdom, this will be an essential part of the world’s
efforts to build databases and communication infrastructure. At present, Japan may be lagging
behind the rest of the world in big data analysis and network communications. However, the
new technologies we are proposing are likely to become the new communication and social
infrastructure. If Japan takes the lead in developing them, we will be able to take the initiative
in the world. These technologies will come after Big Data, SNS, ICT, communication

technology, Al, etc., as represented by Google, Apple, Facebook, and Amazon (GAFA).
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Il. Analysis

1. Essential Scientific/Social Components

Issues (scientific, technological, and social) and necessary measures to achieve the MS

Obijectives

[On Social Issues]

Our research found that the accuracy of this mental state estimation is an important
concern for the stakeholder public and users. For this technology to spread and bring about
social change, researchers need to resolve social issues. We explain this in the following
section based on the knowledge survey data. In the research, 2,000 people of all ages in four
countries (Japan, USA, China, UK) responded to questions about the technology of knowing
the human mind. The questions included:

. “How much would you like to know about your own state of mind?”

. “How often do you want to know about the state of mind of the people around you?”

More than 70% of respondents answered that they felt this way at least once (“sometimes,”
“often,” or “always™) for both questions.

Researchers then asked two questions additional questions: “If a technology was developed
that could tell you whether you had a good or bad interpersonal relationship with someone
around you, would you want to use it?” The second question related to technology use and
the “goodness or badness of interpersonal relations and atmosphere in an organisation.” The
results show a similar tendency of the answers to these two questions. When asked if they
would like to use the technology to determine whether they have good or bad interpersonal
relationships, 50.6% of respondents answered yes (approximately + “very much™), higher
than the 44.7% who answered no (“not much” or “not at all’”).It is noteworthy that the younger
the generation that will be responsible for the next generation (2050), the greater the desire
to know people, and the greater the desire to use technology to know people in China than in
other countries (compared to Japan, the US, and the UK). Incidentally, the respondents who
wanted to use technology for “mind reading” included the following age groups: 57.8% in
their 20s, 56.6% in their 30s, 51.1% in their 40s, 46.6% in their 50s, and 41.3% in their 60s.
In addition, China (77.1%) was the most active in using technology to learn about
interpersonal relationships, while Japan was the most reluctant (37.9%) (the US 59.7%; UK
48.7%). The same was true when asked if they would like to use technology to determine the

quality of relationships and atmosphere in their organisation (see Figure 9).
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Figure 9
Questions about Good and Bad Interpersonal Skills
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When asked if they would like to use the technology to discover the "good or bad
relationships and atmosphere in the organisation,” the trend was almost the same (see Figure
10).
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Figure 10
Questions about Good and Bad Interpersonal Techniques in Organisations
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In light of the above, it is necessary to promote technology through local authorities and
institutions, even if technological innovations connect people. This promotion is especially so
in case some people turn their back on society and new technologies. Some people (the older
they are, the more likely they are to use information systems) do not like using information
systems. It is also necessary to promote the use of the technology in cooperation with medical
institutions, educational institutions, and various facilities through careful dialogue on

security and the use of information.
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[On Scientific and Technical Issues]

This paper describes interviews with several experts related to sensing, emotion estimation,
cognitive engineering, and brain science. Researchers have proposed various methods to
understand mental states at home and abroad. However, most of them are at the laboratory
level, while some used physiological information from the central nervous system or
autonomic nervous system, and others based their methods on behaviour. In addition, some
of them estimate the state of mind from verbal information, such as language processing using
social networking sites and chat rooms, and speech by speakers.

When we think about the technology that will lead to the proposed social image in the future,
it is necessary to leap from biometric measurement that can estimate the state of mind at the
laboratory level. Instead, we need to use biometric measures that can detect the state of mind
of users in daily life in a non-contact, low-constraint, and unconscious manner. However,
interviews with sports and health science experts on measurement devices and several
companies related to the smart wear business indicate several problems with wearable
biometric devices such as smartwatches. These problems include that the devices are
cumbersome to wear, the types of measurement data are limited, and the use of data is limited
to healthcare and sports. In addition, there are only a few types of measurement data available,
and data use is limited to healthcare and sports. Therefore, we need breakthroughs in sensing
systems beyond the currently developed smartwatches and smart wear.

For example, microsensors, ultra-low constraint wearable sensors, human tracking sensors
using small drones, and sensors embedded in houses, cars, and cities. In addition, by
expanding the range of measurement opportunities and methods in everyday life, it will be
possible to collect large-scale training data to model the biometric mind and dramatically
improve the accuracy of Al technology to visualise mental states. Moreover, by using
multimodal and unconscious biological sensing, it will be possible to obtain and utilize
multiple biological signals according to the situation in which the mind changes, enabling a

highly accurate estimation of the mental state.

[International Collaboration, Cross-Sectoral Collaboration, ELSI and Other Initiatives]

In terms of international collaboration, it will be important to collaborate with institutions
that examine the social aspects of happiness and well-being from a scientific perspective. For
example, this could include the grant study research team at Harvard University and overseas
institutions in sensing and Al technology for measuring mental information. In addition, since
we are dealing with biological information, we will need experts in law and bioethics,
considering the issues of information regulation and privacy. In addition, there is a wide range

of areas where the technology will be put to practical use and implemented in society,
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including education, healthcare, welfare, and government. Collaboration with practitioners in

the field, such as educators, social workers, careers, free schools, etc., is also essential.
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Supplement 1: Survey on Well-being Towards the Use of Mental Information

To identify the potential demands in society to overcome the challenges, we refer to the
results of the following questions (Figure 11). Is it important for our well-being that diverse
people connect beyond physical space? The questionnaire posed such a question. The results
showed that across the four countries, 67% of respondents said it was important (the sum of
those who said it was very important and those who said it was mostly important). In the three
countries other than Japan, almost 80% of respondents said it was important (

Figure 11).

Figure 11
Questions about Relationships and Happiness
n=2,000
Q3. 6_1
[
n= I I
2,000 42.2 24.4 8.8
1,000 40.9 12.0 13.1
300 37.7 38.7 9.0
400 50.5 8215 1.0
300 40.0 40.3 4.3
999 41.5 23.0 9.5
1,000 42.8 25.7 8.0
20 400 40.8 26.5 2.5
30 400 42.0 22.3 9.8
40 400 41.8 21.8 10.3
50 400 B7ES) 27.3 9.0
60 400 49.0 24.0 5.8
20 200 43.5 225 ©.5
30 200 40.5 215 10.0
40 199 38.7 19.1 14.1
50 200 3515; 27.5 10.0
60 200 49.5 24.5 4.0
20 200 38.0 30.5 9.5
30 200 43.5 23.0 £.5)
40 200 44.5 245 6.5
50 200 39.5 27.0 8.0
60 200 48.5 23.5 6.5
n=10

Also, the more we connect with others, the more we experience the annoyance of
relationships and the difficulty of maintaining them. However, when asked to express our state

of mind when someone with whom we have a spiritual connection is no longer with us in terms
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of a score, our sense of well-being seems to be about half of a perfect score out of 100 (Figure

12). The low scores of the Japanese are particularly striking.

Figure 12
Happiness Scores (When not Connected to Others)
n=1,451
Q3 7.1
0
100
e M SD
1,451 | 52.1 | 30.7
663 | 41.7 | 292
213 | 59.9 | 31.0
338 | 646 | 26.6
237 | 56.6 | 30.0
699 | 55.0 | 29.6
752 | 495 | 31.4
20 262 | 50.5 | 305
30 279 | 535 | 30.7
40 283 | 522 | 305
50 295 | 50.9 | 31.8
60 332 | 533 | 299
20 134 | 517 | 27.9
30 135 | 57.1 | 29.8
40 123 | 57.6 | 28.9
50 144 | 535 | 31.3
60 163 | 552 | 29.6
20 128 | 49.2 | 33.0
30 144 | 50.2 | 31.3
40 160 | 48.1 | 31.2
50 151 | 48.4 | 322
60 169 [ 515 | 30.0
n=10

Figurel2. Happiness scores (when not connected to others)
It is noteworthy that in both countries, there is a common recognition of the need for

diverse people to connect and that this (spiritual) connection creates a sense of well-being for

all of us. But, at the same time, it is clear that they want to make it a better relationship.
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Supplement 2: Expected Technology for Knowing the State of Mind

Researchers extracted the stakeholders' expectations regarding mind-reading technology
using a questionnaire survey (same target as the above questionnaire). We focused on people
who have a high need for "mind-reading” technology and tried to collect their ideas and
requests. The questionnaire asked respondents to select one of four options for their "current”
and "ideal" ways of interacting with diverse people: a. narrow and shallow, b. shallow and deep,
c. broad and shallow, d. broad and deep (and NA. cannot answer). Based on these responses,
researchers classified the current-ideal combinations of involvement into four types as follows
(1,744 valid responses out of 2,000 respondents; 87.2%)

1. Type of agreement between present and ideal [1,036 valid responses]. Example.
Present "narrow and shallow involvement," ideal also "shallow and narrow
involvement.”

2. The type of person whose ideal is the opposite of the present [185 valid responses].
Example. Currently "narrow and shallow involvement," ideally "broad and deep
involvement

3. Ideally, they are looking for a broader or deeper relationship [422 valid responses].
Example. Currently "narrow and shallow involvement" - ideally "shallow and deep
involvement.”

4. ldeally, they want a narrower or shallower relationship: [101 valid responses].
Example. Currently “narrow and deep involvement,’ ideally “narrow and shallow

involvement.”

We asked, "Would you like to use mind-reading technology to understand people's minds?”
This question indicates that a certain number of people, except for Type (1) "Present-ideal is
the same,"” who have some kind of problem or sense of annoyance in their current relationships
and therefore consider another type to be ideal. In particular, looking at the mean of the data
from this survey, Type (4) (the type whose ideal is a narrower or shallower relationship)
scored 2.36 (SD = 1.02) on a 4-point scale (overall M = 2.04, SD = .95). They experienced a
slightly higher level of feeling "troublesome and wanting to keep a little distance” from that
difference between the variety of social categories such as age, gender, and sex.

In asking for suggestions on closing this gap, we decided to tally up the ideas about "mind-
reading” technology among the respondents who fell into these three types. We asked: "If you

could create a technology that would support you in building relationships that are
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comfortable for you and the people you interact with, what would it be, and how would it
work? If you could create a technology that would support people in building comfortable
relationships, what would it be?” Table 2 below summarizes the results for the 588 cases

describing ideas and requests.

Table 2
Aggregation of Technical Ideas for "Mind-Reading" (Knowing People)
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The most common was the ability to understand the state of the other person. Following
this response, the most common were techniques for coping with (calming) one's
psychological state in interpersonal relationships, and adjusting behaviour, so that the

relationship between the two parties can cope, even when miscommunication occurs.
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Supplement 3: Rationale for the Need for Highly Accurate Mental State Estimation and
Expectations for the Technology
We used a word cloud of responses of reasons for not using the technology to analyse why
people do not want to use the technology (Figure 13). We translated the free words into
Japanese before conducting the survey. As a result, we clarified that we cannot understand
the mind using technology and that some things are better not to know. In addition, the words
technology, judgment, and fear tend to make people feel insecure about their trust in
technology and its performance. Figure 14 shows an example of the results of a three-week
workshop for high school students (Japanese and Thai) to discuss the advantages and
disadvantages of technology for handling the mind. There were many presentations from
several groups, such as "because | don't think I really understand Kokoro" and "because if |
make a mistake, | will be in trouble.” In other words, there is a need for techniques to estimate

mental states with a very high degree of accuracy.

Figure 13
Word Cloud Results of Reasons for not Wanting to use Mental State Estimation Technology
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Figure 14
Concept of the Advantages and Disadvantages of Using Mental State Estimation Techniques
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Supplement 4: What Stakeholders Would Like to See

Identify what technologies are available in the future society that we can imagine today.

These are the questions that we asked:

. When you think about the society of the future, please tell us about one film, drama,
book, comic, video, or image that is helpful or striking to you.
. When you think about the future society, please tell us how the answers you have

given above are helpful or impressive, and why.

The most common answer to this question set was Doraemon. A textual analysis of the free
words used in this question revealed that the words "give,” "understand,” and "think" were
scattered around, indicating that respondents chose Doraemon for its human nature, the
beauty of nature, and the importance of compassion. We initially assumed that stakeholders
chose Doraemon because of the convenience of the secret tools and the high technology
(future technology). However, we confirmed that it was the function of being close to the
heart, or in other words, Doraemon as a counselor for Nobita-kun. These results indicate a
certain understanding of the idea of communicating with something that is not a person, in

all generations and all countries surveyed.

Figure 15
Word Cloud Results for Imagining the Future
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Supplement 5: Empathic Techniques Using Mental States
We experimented at the Moonshot Music Trial Workshop, organised by the Nishimoto MS
Music Emotional Co-Creation Project. We wanted to see if it is possible to evaluate whether
music can bring about a sense of emotion and togetherness in audiences’ venues, including

satellite venues and private homes.

Obijective data: (electroencephalogram, electrocardiogram by smart wear, autonomic index
by image analysis)
Subjective data: PANAS measurements in Pre and Post

Measured by: 34 people

According to the subjective data, it is possible to identify central and autonomic nervous
system fluctuations in response to changes in the sound pressure and frequency of the music.
The responses at different parts of the music for each venue and subject were consistent, but
some subjects deviated significantly. However, as the concert progressed, responses
synchronised; we found synchronisation in most subjects’ responses by the final performance.

The results of the subjective analysis show that, as the concert progressed and the audience
encountered more and more memorable pieces of music, the effect of the audience's emotions
became stronger. In particular, the impressions received from the music created a sense of
unity between the audience, including themselves, the performers, and other audience
members. This unity had a strong effect on the sense of well-being after the concert. These
results show that it is possible to visualise the state of mind and that the medium of music can
provide a sense of unity and happiness even in different places. Figures 16 and 17 illustrate

these results.

Figure 16
Example of Bio-Signal Measurement by Ue-Raburu Sensing During a Music Workshop
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Figure 17

The Relationship Between the Emotional Experience/Evaluation of Music and Well-Being:
The Mediating Effect of Togetherness (N = 34)
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2. Science and Technology Map

The key perspectives for achieving the MS targets are high accuracy in the technologies
related to sensing systems and estimation methods. These tools are relevant to estimating
mental states. It is essential to diffuse these technologies to households and fields (industry,
education, medical welfare, etc.) that use communication infrastructure and CFS. When
considering the achievement of these targets by 2050, we can consider a three-stage structure
(Figure 18): infrastructure related to communications, elemental technologies that operate
on the infrastructure, and technologies that support interaction. We expect that the
government will develop the infrastructure for information and communication in the future.
The challenge is that society is not currently using the communication infrastructure.
Therefore, it is necessary to accelerate the development of the elemental technologies that
run on the infrastructure to promote the communication infrastructure and the technologies

that support the interaction to implement it in society and achieve the goal.

Figure 18
Overview of the Challenges to be Overcome by Science and Technology and their Structure
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In particular, we need bold technological innovation in the elemental technologies that run
on the infrastructure. In terms of hardware, it will be important to make progress in
miniaturisation, power-saving, and energy harvesting of sensors that people wear. Further
research is also required for visual sensing/processing technology such as image pulse wave,
which enables completely non-contact autonomic nerve measurement and behavioural
measurement, and for natural language processing using voice and text. Moreover, from the
viewpoint of application development and mind visualisation, in addition to signal processing
technologies such as optimal characterization, filtering, integration, and dimensionality
reduction of sensing information, it is important to develop technologies related to the
modeling of biometric information and the mind through machine learning using
psychological indicators that accurately express the "mind." Realising these technologies will
make it possible to achieve highly accurate emotion and mood estimation and create Al
assistants with a heart.
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3. Japan's position in overseas trends

According to the science map (Figure 19), there is a growing interest in biometric and
environmental collection technologies, such as sensing networks and wearable sensing. There
is a growing interest in cyberspace, such as the Internet and gaming, in psychology-related
technologies. According to interviews with experts in biomedical engineering, Japanese
technology is strong in wearable sensing in device development, new material development,
MEMS, and LSI development. We found that Japan is strong in biomedical engineering,
Kansei engineering, and interdisciplinary fields related to affective computing. We will

explain this from an academic and industrial point of view.

Figure 19
Science Map for Sensing Networks and Wearable Sensing
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To confirm Japan's academic strength in wearable sensing, we checked the position of
international academic papers with the keywords "sensors; accelerometers; smartphones.” As
shown in Figure 20, Japan is in fourth place behind China, the United States, and India, the

latter three countries with large populations. Thus, Japan has a strong presence in the world.
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Figure 20
Number of Article Submissions: Keywords "Sensors; Accelerometers;, Smartphones”
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Next, we checked the position of international academic papers with the keywords
"electroencephalography; brain-computer interface; electrophysiology” as biometric analysis
technology and human interaction technology. As shown in Figure 21, we rank fifth in the
world, behind China with the largest population, the USA, India, and Germany. Japan has a
strong presence in the world.

Figure 21
Number of Article Submissions: Keywords Electroencephalography; Brain-Computer
Interface; Electrophysiology
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Regarding technological trends in artificial intelligence (semantic understanding), Japan
has a good balance of patents granted, with particular strength in natural language processing,
machine translation, speech processing, image processing, computational modelling, and

machine learning. In addition, many papers related to speech recognition and robotics.

Figure 22
Technology Trends in the Field of Artificial Intelligence (Semantic Understanding)
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We also explain the strengths of Japan in the industrial world. We compared international

patents using the keywords "physiology, brain mind, biomedical, affective.”

. Document type: Based on WIPO, US, EP, Japan, China, Korea, UK, Germany,
France, Switzerland, and Canada application information.

. Scope of study: IPC = A61B5/00 (measurement for diagnostic purposes), Keywords
= (physiology brain mind biomedical affective)

. Statistics by year and country from 2015-2020. Note that for 2020, only August

public knowledge is available due to the lack of public information.
In this technical field, we found more than 200 applications per year consistently filed

worldwide. In this field, Japan has the second-highest number of applications after the USA.

Overall, there is a trend towards more applications from research institutes and universities.
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Figure 23
Japan's Patent Presence in International Comparison (Physiology Brain Mind Biomedical
Affective)
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In addition, we found domestic national applications classified in detail. Tables 3 and 4
describe the data classified by applicant and theme. Applications from automobile-related
companies, electrical appliance manufacturers, and health-related equipment manufacturers
stand out as applicants. By theme, applications for measurement technology related to
psychological responses are also prominent. This finding indicates that the technological
development base of automobile-related, electrical appliance, and health-related equipment
manufacturers is in place. We can refer to these as the strength of Japanese companies in

terms of industrial applications and accumulated experience.
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I11. Plan for Realization

1. Areaand Field of Challenging R&D, Research Subject for Realization of Goals

[Area and field to promote challenging R&D]

This proposal will help understand and eliminate the causes of miscommunication between
people and between people and services due to national, cultural, age, and gender differences.
This increased understanding means transforming society into a new community with
diversity and zero loneliness, where people can live in harmony with others and services and
achieve self-realisation. From a technological perspective, research into the human mind is
currently actively conducted in psychology and psychiatry. However, as mentioned above, we
need tools to visualise the state of mind and interfaces to realise a happy and healthy life. By
optimally integrating the psychological and psychiatric analysis of the mind with technological
tools such as bio-sensing, Al, and communication, effective interactive action becomes

possible (Figure 24).

Figure 24
Overview of Fields and Areas for Challenging Research and Development
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[Research subject for realization of MS Goal]

In this proposal, we set the following goals: "communication between people,"
"communication between people and "things," and "social change."

[Communication between Human]
By 2050, devices will be able to visualise the mind using biometric, linguistic, behavioural,
and environmental data to understand and predict changes in mind and behaviour, and

develop proposals and services tailored to the mind.

[Communication between people and things]
By 2050, devices will be able to visualise the mind using biometric, linguistic, behavioural
and environmental data, to understand and predict changes in mind and behaviour, and to

develop proposals and services tailored to the mind.

[Social Change]

By 2050, heart-centred communication will have spread worldwide, and we will be able to
build rich human relationships and communities without words = an ultra-diverse society with
no loneliness.
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2. Direction of R&D for Realization of Goals

In this proposal, we set goals for "communication between humans,

communication

between humans and "things,” and "social change." Figure 25 depicts the outline of the

research and development process and the keywords. As shown in the figure, we will use

mental visualisation as a basic technology, and expand the range of its application as the year

progresses, ultimately realising an ultra-diverse society.

Figure 25

Milestone for Future Society

Impact
Levels

Socie

Orgal
Grou

Indi

fimeaxis — Between humans
Communication
2050 |Visualisation of the group mind Understanding of mental and Realising an ultra-diverse society

2040
tion/

2030
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and communication

Development keywords

Complete non-contact biometric
measurement, modelling of mental states in
groups/organisations, group intention
measurement techniques, modelling of group
decision-making processes

behavioural changes / use of
predictive technologie
Development keywords

Mental state change modelling and
mental state change prediction
technology

through collective Kokoro
communication

Development keywords

Large-scale mental database
system, social systemisation of
developed technology

Realisation of emotional
visualisation communication

Development keywords

Modeling of human decision-making process, non-
contact biometric devices, human intention
measurement technology, mental information
transmission technology, standardization of
mental information transmission protocol, mental
information

"Visualisation of the heart with things
Realisation of communication

Development keywords

Advanced conversation understanding
technology, emotion reading technology,
LS| for mental information processing,
virtual avatars that understand the mind
and can talk and consult.

Collaborative work through
emotional visual communication

Development keywords

Collaborative support system for
identifying social implementation
issues and understanding the mind

Realisation of mental visualisation

technolog

Development keywords

Power-saving biometric sensors, biocompatible
sensor materials, wearable biometric devices,
clarification of the relationship between mind and
biometric information, mental state estimation,

mental state expression, emotion/atmosphere
ology

Realization of human interface
through mental visualization

Development keywords

Non-contact biometric measurement
technology, environmental control
systems for mental states, mental-
machine interface technology

Mental visualisation technology
Realisation of artistic co-creation

Development keywords

Kokoro/Music Conversion
Technology, Kokoro/Video
Conversion Technology

Details of (1) milestones, (2) R&D tasks to achieve the milestones, and (3) ripple effects in
2030, 2040, and 2050 for each target are as follows.
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[Communication between humans]
By 2050, we will be able to make important decisions at the group/national level without
words by visualising and communicating our collective minds using biometric, linguistic,

behavioral, and environmental data sensed daily.

2030
Milestones
The visualisation of the mind using biometric, verbal, behavioral, and environmental data

sensed daily will enable us to understand the mental state of others.

Research and Development Themes

¢ Development of a power-saving biometric sensor

*  Development of biocompatible sensor materials

*  Development of wearable biometric devices

¢ Understanding the relationship between mind and biological information
«  Estimation of mental state using biometric data

*  Development of a method for expressing mental states

*  Development of emotion and mood measurement techniques using text data

The Social Benefits of Achieving the Milestones

The visualisation of the mind makes it possible to know the changes in the mind of others,
which the individual cannot feel at present. This visualisation improves the user's ability to
build human relationships, and makes communication in cyberspace, such as web conferences,
web classes, and SNS, where emotions and moods are difficult to convey, as meaningful as
face-to-face communication. It also realises smooth communication that transcends time and
space. In addition, unintentional incidents such as "flaming"” on SNS can be detected, avoided,
or reduced. In addition, the system will facilitate communication with infants who have not

yet mastered language, improving the quality of childcare and reducing its burden.

2040
Milestones

Visual communication of the mind using biometric, linguistic, behavioural, and
environmental data sensed daily will enable one-to-one decision-making between individuals
without words.
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Research and development themes

¢ Modelling the human decision-making process

¢ Development of non-contact biometric devices

¢ Development of human intention measurement technology

¢ Development of emotional information transmission technology

«  Standardisation of protocols for the transmission of emotional information

¢ Development of a mental information database

The Social Benefits of Achieving the Milestones

The ability to communicate with people with whom you do not have a common language
facilitates business opportunities and previously unattainable networking opportunities due
to language barriers. In addition, visual communication will eliminate cultural, gender, and

age barriers to communication even with a common language.

2050
Milestones

Visualisation and communication of the collective mind using biometric, linguistic,
behavioral, and environmental data sensed daily will enable important decisions at the

collective/national level without words.

Research and Development Themes.

¢ Completely non-contact biometric measurement for psychological measurement
¢ Modelling the mental state of a group/organisation
*  Development of technology for measuring group intentions

¢  Modelling the decision-making process in groups

The Social Benefits of Achieving the Milestones

The decision-making process based on Kokoro-Measurement fosters trust and creates new
communities between governments, local authorities, organisations, and the citizens and
members of these organisations. In addition, in group decision-making, it is possible to extract
a variety of opinions, including those of minority groups, rather than simply express approval
or disapproval or extract the majority’s opinions, and find common ground between these
opinions and make decisions that reflect diverse feelings. This method will lead to the

realisation of an ultra-diverse society.
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[Communication between People and Things]
By 2050, devices will understand and predict changes in mind and behaviour by visualising
the mind using biometric, linguistic, behavioural, and environmental data, and develop

proposals and services tailored to the mind.

2030
Milestones

By visualising the mind using biometric, verbal, behavioural, and environmental data, the
device can understand the mind and complete its actions according to what is felt or thought

without explicit manipulation.

Research and Development Themes

¢ Development of non-contact biometric measurement technology
*  Development of environmental control systems tailored to mental states

¢ Development of mind-machine interface technology

The Social Benefits of Achieving the Milestones

The use of mental visualisation technology in operation and control of devices will create a
new human interface. At present, the market for speech recognition technology, such as voice
control, is expanding as technology improves. This human interface through speech is
intuitive and reduces the distance between people and cyberspace devices. However, an
interface that allows the user to control a device simply by thinking or feeling is more intuitive

than voice control and could make operation unnecessary.

2040
Milestones
The device visualises the mind using biometric, linguistic, behavioural and environmental

data, enabling conversation and consultation based on understanding the mind.

Research and Development Themes

*  Development of advanced conversation understanding technology

*  Development of emotion-reading technology

¢ Development of LSI for emotional information processing

¢ Development of a virtual avatar that understands the mind and can talk and consult with

others
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The Social Benefits of Achieving the Milestones

With the evolution of Al, conversations between people and machines are becoming possible.
On the other hand, as mentioned in Il. Analysis, there is a need for a relationship between
people and cyberspace devices and services to communicate. What is important here is not to
get a clear answer but to understand the heart and listen to the conversation. By having a
virtual avatar, a person you can talk to and who understands your feelings, we can reduce the
number of lonely people.

2050
Milestones

By visualising the mind using biometric, verbal, behavioural, and environmental data, the
devices will understand and predict changes in the mind and behaviour and develop proposals
and services tailored to the mind.

Research and Development Themes

¢ Modelling mental state change

*  Development of technology to predict changes in mental state

The Social Benefits of Achieving the Milestones.

The practical application of technology that predicts mental changes will enable new
services tailored to the user's wishes.
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[Social Change]
By 2050, heart-centred communication will have spread throughout the world, and we will
be able to build rich human relationships and communities without words in an ultra-diverse

society with no loneliness.

2030
Milestones
With the heart as the main means of communication, it is possible to collaborate with

anyone in the art field.

Research and Development Themes

¢ Development of Kokoro/Music Conversion Technology

¢ Development of Kokoro/video conversion technology

The Social Benefits of Achieving the Milestones

The evolution of mental visualisation technology and its high precision will expand the
range of adaptation of communication through the mind and eliminate the barriers to
communication and language. For example, people with severe disabilities will be able to
attend classes together in regular classes. In addition, they will be able to play an active role

in foreign countries where language barriers are not understood.

2040
Milestones
With the mind as the main means of communication, it is possible to collaborate with

anyone in any field.

Research and Development Themes

*  Extracting implementation issues through social implementation experiments of
psychological measurement technology

*  Development of a collaborative support system for understanding the mind

The Social Benefits of Achieving the Milestones

T The evolution of mental visualisation technology and its high precision will expand the
range of adaptation of communication through the mind and eliminate the barriers to
communication and language. For example, people with severe disabilities will be able to

attend classes together in regular classes. In addition, they will be able to play an active role
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in foreign countries where language barriers are not understood.

2050
Milestones
Communication based on the heart will spread worldwide, building rich relationships and

communities without words creating an ultra-diverse society with no loneliness.

Research and Development Themes

*  Development of a large-scale mental database system

*  Social systematisation of developed technologies

The Social Benefits of Achieving the Milestones

The widespread use of the proposed technology will eliminate language, culture, age,
gender, ideology, and time and space barriers and create an ultra-diverse society with zero

loneliness.
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3. International Cooperation

Working with a team that studies well-being from a social science perspective, such as the
Grant Study Team at Harvard University, can address the human mind and examine the
sociological implications of effective technology for well-being. In terms of technology,
biometric sensing technology, remote sensing technology, and Al technology are essential for
this research. Of these, Japan has a high percentage of patents for bio-sensing technology,
which is considered a strength of Japan. Therefore, further research into bio-sensing
technology will enable Japan to lead the world in this field.

Regarding remote-control technology, Japan is second only to the USA in terms of the
percentage of patents granted. We can further divide remote-control technology into five
elemental technologies, of which Japan has the largest share of patents in the fields of haptics
and robotics. In contrast, the US has the largest share of patents in telecommunications, Al,
and XR. The target user base for this research technology is people from all over the world.
Therefore, it is essential to cooperate and collaborate with other countries to achieve true
ultra-diversity. While holding haptics and robotics as the core of our strength, we can
collaborate with countries like the United States and China, which have patents and
technologies, to advance our research.

Finally, there is Al technology, which we can divide into elemental technologies: natural
language processing, machine translation, speech processing, image processing,
computational modelling, and machine learning. Japan has a well-balanced portfolio of
patents in these areas and is a world leader, particularly in robotics and speech recognition.
Al technology is essential for processing information obtained from humans. Because of the
wide variety of information modalities, having a good balance of patents and technologies is
advantageous for this research. In addition, Japan has an advantage in terms of the number of
patents in the health and care sector, but South Korea leads the world by a similar amount. In
terms of well-being rankings, Japan and Korea are in a similar situation. Therefore, we believe

that it is possible to cooperate and collaborate in this research.
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4. Interdisciplinary Cooperation

In working together across sectors and disciplines to achieve the goals, we believe it is

important to understand, cooperate and collaborate on the following

[Public Understanding and Cooperation]

Public understanding and cooperation include disclosure and provision of information,
dissemination of understanding, and participation in research and studies (public relations,
education, especially for children and their parents, etc.) to help as many tax-paying citizens
as possible to achieve the MS objectives and imagine a better society, and create and realise

it together.

New Development and Strengthening of Cooperation Between Industry, Academia and

Government
. We will combine our wisdom and create further innovations.
. We will establish partnerships as a forum for implementation and feedback on

research findings and developed technologies and carry out economic gain-loss calculations.
. We will build relationships with other organisations selected for MS research studies

and to create opportunities for co-creation.

Promotion of International Cooperation

. We will provide information and recommendations to countries and regions where
well-being is declining (developing countries) and where community functions are breaking
down or becoming weak (expert panel).
. We will collaborate with China, which has a high level of curiosity and willingness to
exploit Japan's sophisticated technological capabilities.
. We will research implementation cooperation and organisation.

. We will work with companies that employ a large number of foreign workers/interns.
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5. ELSI (Ethical, Legal, Social Issues)

In this area, the questionnaire asked, "If a technology was created that could tell you the
state of 'good or bad relationships and atmosphere in your organisation,’ would you be
interested in using it?" We analysed the responses of those who disagreed (not at all or not
very much) with this question. We summarize the reasons for disagreement in the following
points

First, respondents indicated that they want to value the original human activity (feeling,
thinking, judging, and communicating by oneself). There are some aspects that we do not
need to know.

. "I want to think for myself.”

. "Even if you don't have the skills, you can understand what's going on."

. "I think it's better to be who you are” and, "I think it's better to be natural.”

. "Some things are better left unknown,” "I don't want to know what's in people's
hearts.”

. "No need. We're all in one group and it's normal to have some friction."”

The above is a reminder of the ethics of mind-body manipulation. In contrast, the debate
about the disparities created by mind-body manipulation and what self-determination means
as various data influence human behaviour are examples of issues that need to be considered
in the future.

As well as resistance to the technology, many people did not see the need for it and were

sceptical about its development.

. "Too much control by technology,” "Al is not compassionate.”

. "I'm not interested,” "I don't want such technology,” "I don't need it."”

. "It's just not possible,” "There are too many variables to make the right decision
using AL"

. "I'm not sure what the technology is" "How can the technology determine this?"
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We noted concerns about using the technology, its possible (negative) impact of use, fears

about knowing and using it, and privacy issues if such technology developed.

. “I can’t handle all that technology.”
. "This technique does not solve the problem; it just points it out. This technique does

not solve problems; it merely points them out.”

. "I'm afraid that such technology will be developed,” "I'm afraid to know what they
really think."
. "It's too much of an invasion of privacy."

The above are notes on the handling of personal data and the ethics of data management and
use. In response to this, we should consider the following issues: social consensus on balance
between the common good and self-determination and choice; social agreement on the
preconditions for legal regulation, such as fairness, transparency, and trust; and public
understanding of the directed use of large amounts of data.

We also envisaged concerns about changes in relationships. We can address these concerns
by creating a shared narrative through discussion of diverse values. People tend to have a lot
of fear and psychological resistance to new challenges and innovations because they cannot
predict or imagine them. Therefore, while we need to overcome some issues, there are still
expectations for technology to understand the state of mind of ourselves and others.

As shown in Figure 26, the expectation and potential for building good relationships through
using technology are highest in China (83.1% of the total number of respondents agreeing or
strongly agreeing), followed by the USA, the UK, and Japan. The younger the generation, the
more likely they are to see the potential. The trend by country and age is consistent with the
trend in the question, "Would you like to use mind reading technology if it were developed?”
The trend by country and age is consistent with the trend in the question, "Would you like to

use mind reading technology if it were developed?”
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Figure 26

Building Good Relationships through the use of Technology International Comparison
n=2,000

Q2.6

n=10
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IV. Conclusion

In this team, we examined the set goals from various perspectives. Specifically, we
reconstructed the set goals, their feasibility, social acceptability and extracted issues for
resolution. To achieve this, we used interviews with experts, workshops with high school
students from Japan and abroad who will be the core generation of the future development
research and beneficiaries of the proposed goals, verification experiments, and literature
research. As a result, it became clear that the proposed moonshot goal has great significance
and demand from society and that its implementation should be a national project.

Based on the above discussion, the team set the moonshot goal as follows: "By 2050, we
will achieve an ultra-diverse society with zero loneliness through the acquisition of the means

of communication” as a candidate moonshot goal.
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Other Supplements

Conducting surveys
Sample overview
Surveyed by: Cross Marketing Inc.
Implementation date: June 2021
Total sample N =2,000
-Country: Japan n=1,000 USA n=300 China n=400 UK n=300
-200 samples were allocated and collected for each of the 10 categories of gender x
age (1) to 20s and below, 2) 30s, 3) 40s, 4) 50s, and 5) 60s and above).

Symposium 1)
Joint symposium of "Flex Infrastructure Thinkers", "Ultra Diversity Society Realization
Team™ and "Intelligent Living Cell - Realization of Ultimate Personalized Medicine".
Living in 2050: Life, place, communication and wellbeing
Date: 21 June 2021 On line

Symposium 2)
The 60th Annual Meeting of the Japanese Society for Biomedical Engineering
Title: Technology to support human well being through interdisciplinary research
Date: 17 June 2021 On line

Workshop 1)
Title: Acquaintance - Face - Mind Human Relation in Physical & Cyber Space
Date: 2021.05.18 ~ 2021.06.08
Participates: 76 senior high school students (40 from Ritsumeikan Junior and Senior High
School, Japan36 from Mahidol Wittayanusorn School, Thailand) Location: Japan (On-site)
and Thailand (Online)

Workshop 2)
Moonshot Music Trial Workshop", organized by Nishimoto MS Music Inspiration Co-
Creation Project
Data: 23 June 2021

54



