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I. Concept
1. Proposed MS Goal

1.1. Proposed MS Goal title
By 2050, we create a society where everyone can have and raise children with dreams and
hopes if they wish.

1.2. Vision for 2050 society
The vision of society in 2050 that we should aim for consists of the realization of the following
two visions.

Vision Anyone can have a genetically related child at any time if they wish.

Vision We can look forward to our children with hope, and all parents and children can

grow up healthy and safe.

As a basic premise, the society of the future should allow people to make choices of their
own free will, whether to have a genetically related child or not, to adopt a child, or to remain
single.

In addition, if a person chooses to have a child, he or she should be able to do so without
any anxiety, and in a good sense, "comfortably” give birth to and raise a child. Our proposal is
not to strongly encourage people to have children, but to research and develop science,
technology and social systems that will enable people to realize their desire to have children
with their beloved partners. This desire is a universal human need at the genetic level, which
may be good or bad.

We also want to realize a society where men and women of all ages can raise their unborn
children with joy, pleasure, and comfort. We will not be tormented by loneliness, anxiety, and
excessive parental responsibility, as we are today. On the other hand, the children who are
born into this world are the assets of the future society. Therefore, we would like to realize a
society where children can grow up in health and safety with their parents, being blessed and
watched over by the whole society. Currently, there is a big gap from the vision of the society
that we are aiming for due to the biological limitations, the pursuit of convenience in science
and technology, and the changes in social and industrial structures. In this project, we will
create science and technology that can overcome this gap and contribute to well-being, and
implement them in society, as well as reform the social system to realize the above vision of

society.
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2. Targets

2.1. Vision Anyone can have a genetically related child at any time if they wish.

The pain of wanting a child but not getting one is eliminated. By freeing themselves from
the time and gender constraints of fertility, women and sexual minorities in particular feel less
"uncomfortable” with life. Reproductive rights (the right to decide for oneself whether to have
a baby or not, when to have a baby, and how many children to have) are guaranteed. The right
to choose when and how many children to have is guaranteed. Sexual minority couples will be
able to have children who are genetically related to them. In order to realize this target,
technological innovations that reduce the physical, psychological, and economic burdens of
current fertility treatments are necessary.

By 2030, people will be able to live their lives in a way that allows them to understand,
avoid, and reduce the processes and risks that lead to infertility.

By 2040, basic and applied research on development will have progressed, and fundamental
treatments for infertility will have been established through the development of regenerative
medicine and transplantation technologies, with due consideration of bioethics and a
consensus among the international community.

By 2050, technologies such as gametogenesis, human augmentation, and artificial organs
(in this case, artificial wombs) will have achieved the ability to transcend biological sex, or ex-
vivo human reproduction. This will free us from the restriction that only women are
biologically able to have children, and create a world where a variety of options exist. For
example, sexual minorities will be able to have children with their beloved partners, even if
they are biologically male. In the future, the healthy life span of human beings will be greatly
extended, and life may become 100 years or even 150 years. In such a situation, it will be
possible to have children in the "second and third life" as well, and the society will be able to

achieve self-realization through multiple ways of living in one life.

2.2.Vision  We can look forward to our children with hope, and all parents and children
can grow up healthy and safe.

The prerequisites for achieving change in this area are policy steering and the design of
necessary incentives, which are outside the scope of this proposal. According to a Hitachi-
Kyoto Lab Al-based simulated analysis published in 2019, in order for Japan to continue to
exist in a sustainable manner, it is essential to steer the country toward a decentralized social
design. If we cannot have hope in life itself, we cannot have hope in raising children. In order
to realize "a society where everyone can have children and raise them with dreams and hopes

for the future if they wish," it is obvious that the country itself must be at least "sustainable,”



and this research can be positioned in a series of vectors aiming for a decentralized society. In
other words, the purpose of this study is to clarify the requirements for a decentralized society
from the perspective of "child-rearing” and "national wellbeing. Based on the above premise,
by 2030, among the various functions that are currently carried out by the "public* and
"services," the research, design, and construction of digital-based platforms will be carried out
in the direction of having local communities take on the role of public-private partnerships in
the fields where human interaction can be created and residents can benefit greatly by having
local communities take on the role (such as childcare and recurrent education). Research,
design, and construction of digital-based platforms are underway, and research and
demonstration experiments are being conducted by local governments on a five-year basis in
cooperation with smart city initiatives. In addition, during the above process, specific changes
in "people-to-people connections” are being measured, and research and demonstration
experiments are being conducted to strengthen interaction within the community while
effectively drawing out the natural mechanisms of human mind and behavior. These processes
will be carried out in collaboration with movements to measure and improve the wellbeing of
local communities on a municipal basis (Smart city?, Smart city institute® etc) and movements
to support the distribution of people and goods in local communities by creating platforms
(Digital Architecture Design Center*). The project will be promoted in cooperation with the
Digital Architecture Design Center and other movements that aim to support the distribution
of people and goods in local communities by creating platforms.

This is the phase in which research and demonstration experiments will be conducted in an
iterative manner to improve and expand the system, with a specific focus on the realization of
an autonomous, decentralized, and well-being society in which individuals can easily
demonstrate their abilities, incorporating technology and the mechanisms of mutually
beneficial behavior inherent in humanity.

In 2040, the social system obtained as a result of the above will be implemented and
operated with improvements in many communities, and through the use of the functions
installed in the community, residents will be able to connect with their neighbors who fit their
individuality without any burden. As a result, a social system is being built that makes it easier
to foster the peace of mind and joy of living in a community, even as it reduces the hassle of
getting to know your neighbors. It is an image of a large, loose family-like connection, where
people do not need to be together all the time, but can talk to each other or ask for advice
when they need it, loosely overlapping and spreading in a network around their homes and
rooms.

In such a society, the sense of anxiety, burden, and loneliness regarding childbirth and child

rearing has been greatly reduced. At the same time, social systems and technologies have been



implemented that allow both parents and children to receive appropriate oversight and
support. For example, for children, load-free sensors and painless sampling technologies have
made it possible to monitor their growth and mental state, and in case of danger, alerts are
sent to the appropriate authorities, and society as a whole has begun to implement social
systems and technologies to watch over children. For parents, technology has been
implemented that allows them to objectively grasp the state of their mental health and other
burdens, and an environment and technology (perhaps based on Al) are in place that makes
it easier for them to get the support they need. Through such a system, the government, NPOs,
and public organizations (child guidance centers, etc.) are able to understand the social and
economic status as well as the status of the parents and children, and provide more effective
and efficient administrative support without leaks.

In 2050, the regions described above will have spread across the country. As a result, it will
become easier for people to "learn about their own experiences and relativize them through
the input of other people’s examples and to learn about events they have not yet experienced
(through the observation of others),” which has become difficult to obtain due to smaller
families and loss of ties within the community. In such a society, people naturally desire to
have more children and enjoy child rearing more.

In addition, the responsibility for the upbringing of children does not fall solely on
genetically related parents, and the society has become one where unhealthy upbringing in
closed rooms is eliminated. Parents are human beings, and of course they are not perfect. By
2050, we must not only strengthen support for such cases, but also develop human rights-
conscious behavior change techniques for parents who are dependent or unable to control
their emotions. If this is accomplished, the cycle of poverty and abuse will be stopped, and the
number of crimes will be reduced. We can also expect to give back to society by working hard.
The administrative and social burdens placed on these problems will be reduced, and society
as a whole will be stabilized.

Well-being is also known to be correlated with productivity and creativity. A society in
which everyone can feel secure in their desire to have and raise children is a well-being society
in which people are optimistic and feel that they can manage, and a society in which
productivity and creativity are high. This series of changes will be the driving force that creates
a virtuous cycle in society as a whole, and by 2050, an even more powerful, flexible, and well-
being society will be formed in which "all parents and children can grow up healthy and safe,

hoping for a child with hope”.



3. Background

3.1. Why now
3.1.1 Problem of low birthrate

Since the mid-1970s, the birthrate has been declining for more than 40 years, and the
number of children has been decreasing Fig. I-1 . 2019's total fertility rate (hereafter referred
to as fertility rate) is 1.36, and 2020 is already reported to be 11% lower than last year due to
corona. The fertility rate is already reported to have fallen by 11% from last year. It was in
1974 that the fertility rate fell below the population replacement level, and since then it has
been consistently stagnant, much lower than in developed countries such as Europe and the
United States. If this trend continues, it is predicted that the population will reach 100 million
by 2050 and less than 60 million by 2100. Some people are willing to accept the decline in
population, but the essence of the problem is that unless the birth rate is restored to the
population replacement level, there will be no more Japanese. In terms of the economy, the
GDP per capita of the Japanese people is around $40,000 per year, and if the population
continues to decline at this rate, it is inevitable that the country's national power and
international influence will decline in proportion to the decline in population. It takes a long
time for a person to have a child, and no matter what measures are taken, it will take about 5-
10 years for the birth rate to reflect this. Therefore, if we are to look to the future in 2050, this
is an issue that must be addressed urgently now that human contact has been greatly reduced

due to the corona disaster.
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As one of the data on fertility decline, it is reported that there is a clear correlation between
the gender gap index and the total fertility rate. (Fig. 1-2(b)) In the Global Gender Gap
Report 2020, the World Economic Forum published the Gender Gap Index as one of the
indicators of gender disparity in each country, and Japan was ranked 121st out of 153

countries in 2020. The implications of this data are as follows
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The more equal a society is between men and women, the more women can have children
with peace of mind. This gender equality seems to be based on a fair balance between women's

advancement in society and men's advancement in the family.

3.1.2 Increasing number of infertile patients and problems

As mentioned above, the younger generation postpones having children due to economic
and social environmental factors. The childbearing age then rises after a certain level of social
status and economic foundation has been established, resulting in many infertile patients
starting their fertility activities in a state of reduced fertility. According to the Japan Society
of Obstetrics and Gynecology, more than 47,000 children are born annually in Japan as a
result of assisted reproductive technologies such as in vitro fertilization (IVF) (2014), and
approximately one in 21 children born that year is born as a result of advanced infertility
treatment (Fig -3). It has the highest number of treatments in the world.

However, there are many problems associated with this fertility treatment and assisted
reproductive medicine. First of all, it has been reported that the treatment result (birth rate)
is the lowest in the world. Of course, it is possible that the number of fertilized egg transplants
is more limited than in other countries in order to prevent multiple pregnancies, but since
there are no treatment guidelines to begin with, treatment policies vary from clinic to clinic,
causing confusion. In addition, infertility is not a category of disease such as malignancy, and
there are ethical barriers to its research and development. From the perspective of gender
equality and support for women's advancement in society, how to support women who are
undergoing fertility treatment while working is also a major issue. It has been pointed out that
it is difficult to balance work and infertility treatment due to the difficulty in scheduling
hospital visits and the physical burden of medication and injections (Fig -4). Some quit their
jobs in order to concentrate on treatment, and some estimates put the number of such
"infertility retirees" at nearly 24,000 nationwide. According to a survey conducted twice in
2015 and 2005 by Fine (Tokyo), a non-profit organization that supports people suffering from
infertility, a total of 7,800 people responded to the survey, and more than 90% of them
answered that it was "difficult" to balance treatment and work.5,8

In addition, many of the retirees cite personal reasons and do not disclose the fact that they
are actually retiring for medical treatment. It is difficult for companies to see the reality of
infertility retirement. Even women who do not resign from their jobs are often torn between
prioritizing treatment, which makes it difficult for them to schedule important meetings and
business trips, and quitting their jobs, which makes it difficult for them to pay for expensive
infertility treatment. According to Fine's estimate calculated from the survey, 23,951 people

nationwide have resigned due to infertility treatment. Along with that, the economic loss is



estimated to be about 208.3 billion yen, adding the average wages of the retirees, the cost of

training them up to that point, and the cost of hiring new personnel.
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3.1.3 Sexual and reproductive gender inequality, LGBT reproductive rights
The current situation is that there are irreconcilable differences in biological functions
between men and women. At present, reproductive workloads on women's bodies are
unavoidable. During pregnancy, which lasts about ten months, a woman's activities are greatly
restricted. Now and then, childbirth is a life-threatening act. It imposes a variety of physical
and social burdens. The surrogate mother business in developing countries is also a problem

Fig. I-5 . Wealthy people who cannot afford to have children pay women in developing
countries such as India, Vietnam, and Thailand to become surrogate mothers. Complications
arise when the birth mother refuses to hand over the child, or when the client refuses to take
the child back when it is born with a disability.

In addition, the promotion of diversity for sexual minorities, known as LGBT, has begun
around the world. In Japan, it is said that LGBT people make up 3-10% of the total population.
Currently in Japan, same-sex couples are not legally guaranteed the same rights as
heterosexual couples. For example, they are not legally allowed to share property, have
children, inherit inheritance, receive pensions and insurance benefits, and so on. Recently,
discriminatory remarks about LGBT couples not being able to have children have been taken
up and criticized, and we believe that by 2050, there should be an option to realize 'a society
where LGBT people can choose to have children as a matter of course. However, reproducing
through third parties (sperm donor banks, surrogate mothers, egg donation, etc.) raises a
number of complex issues, including the legal definition of parenthood. Above all, we believe
that LGBT people have the desire to have children with their beloved partners, and that there

should be technology that allows them to do so.
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3.1.4 Despair about the child-rearing environment in our country

According to an international survey of attitudes toward declining birthrates, more than
40% of respondents in Japan answered "No" to the question, "Do you think your country is a
good place to have and raise children? Fig. I1-6 This is a very high percentage of that
internationally. In the latest edition of the World Happiness Report, which shows the
happiness rankings of countries around the world, Japan ranks 56th in terms of happiness,
77th in terms of freedom of life choices, and 148th in terms of generosity, by far the lowest
among developed countries. In terms of nominal GDP (gross domestic product), Japan ranks
third in the world after the major powers, the United States and China. There are so many
things in abundance that the applicant himself cannot think of many things he wants to buy
anymore. However, in reality, we feel very cramped and suffocated. This feeling may be one
of the reasons why people do not feel like having and raising children. First of all, there is a
lot of room for improvement in the fertility and child-rearing environment in order to raise

the level of happiness of the people.

Fig. 3-1-2-4 Do you think it's an easy country to have and raise children?
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3.1.5 Loneliness, isolation

A detailed analysis of the psychological aspects of the childcare environment revealed that
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many people are tormented by loneliness and anxiety. In particular, many young people who
are digitally savvy feel lonely (Fig. 1-7). This is in spite of the fact that we live in an age where
we can easily connect with others through the Internet and SNS. We believe that this is the
root cause of today's suffocating social structure. The details will be described in the next
chapter. To begin with, humans are social animals and have evolved by forming communities.
Now, however, as a result of the development of capitalism and the pursuit of convenience,
individualization is rapidly advancing. We can turn on the faucet at home and water will come
out. There is no need to go to the well to get water anymore. In exchange, there are no more
well meetings. There are no more opportunities to meet by chance and talk about trivial things.
If you look pale, there's no chance to ask what's wrong. In the case of the Corona disaster, the
development of online meetings has made it more and more difficult to observe and intervene
in the lives of others. The reason seems to be the "total lack of contingency and semi-
transparency in communication. But would you build a well again? Would you go to the river
to wash your clothes? Do we want to create a closed village society? This is the question. It
would be unacceptable to do something that would go against the times. We need to make
some kind of move that is appropriate for the future.

There are various factors behind this, including the increase in the number of elderly
people and people living alone, the deterioration of public finances, and the growing
recognition of the value of so-called social capital to well-being, community revitalization, and

the economy, as will be discussed later.
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The benefits and impact of having more friends and acquaintances in the area where you
live cannot be overlooked. A number of epidemiological studies have already shown that social
ties predict death from almost all causes of death.”8%1° There is also a large body of research
in the area of connections between neighborhood residents. !* People who have more
connections with their neighbors are healthier than those who do not, People who live close
to their neighbors are more likely to experience mental well-being??, increase life satisfactions,
live a long and healthy life!4.

Holt-Lunstad et al. conducted a meta-analysis of the effects of both structural and
functional aspects of social ties on mortality, and found that mortality was 5% higher among
those with fewer than more structural ties, and 16% higher among those with fewer than more
functional ties.'®> Another meta-analysis found that living alone increased mortality by 32%,
social isolation by 29%, and loneliness by 26%.16

The impact is not limited to individual well-being and health. Community connections
have also been shown to lower the cost of social security.'’ In the Great Hanshin
Earthquake, almost 70% of the victims were rescued by "self-help” including family members,
and 30% by "mutual-help" with neighbors®®. Especially in Japan, where disasters are common,
connections among neighbors can be a life-threatening issue.

Turning to the data on connections among neighbors, we see that the number of
respondents who say they keep close ties with their neighbors has shrunk sharply, from 49.0%
in 1986 to 17.0% in 2018, a decrease of 32.0%.1°2° (Fig -8). According to the Ministry of
Health, Labor and Welfare, 84.5% of people consider it ideal to have a good relationship with
their neighbors, while 65.7% of people do not have neighbors to help them in their daily
lives.?

There is also a generational gap here. According to the Cabinet Office, only 16.0% of the
total number of "connected people” in the community, and more than 70% of them are in
their 50s or older (as of 2007). (Fig. 1-9) he survey also points out that "the characteristics of
people who have neighborhood relationships and those who participate in community
activities are generally consistent. In other words, people who are married, have children, are
older, are not employed, live in rural areas, or live in single-family homes tend to participate
in one type of community activity or another, and have more ties to the community, while
those who do not participate in community activities tend to be more isolated. On the other

hand, those who do not participate in community activities tend to be isolated.
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In this survey, community activities were divided into four areas: (1) neighborhood
associations, (2) other local activities, (3) sports, hobbies, and recreational activities, and (4)
volunteer and civic activities such as NPOs. According to the data, in 1968, 70.2% of people
in towns and villages and 49.1% of people in cities participated in neighborhood association
activities; 15.6% of people in towns and villages and 19.6% of people in cities participated
occasionally; and 14.2% of people in towns and villages and 31.5% of people in cities did not

participate (including those who did not join). The percentage of those who did not
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participate (including those who did not join) was 14.2% in townships and 31.5% in cities.
On the other hand, in the 2007 survey, 12.7% of respondents participated in community
activities "at least one day a month," 35.8% participated several times a year, and 51.5% did
not participate.

In just 25 years, from 2015 to 2040, the population will decline by 12.7%, from about 130
million to 110 million.?? Meanwhile, the number of elderly people will increase from 33.87
million to 39.21 million over the same period, an increase of 15.9% (the aging rate will rise to
35.4%)(Fig -10). By 2040, all of the so-called junior baby boomers will be 65 years old or
older, and according to estimates, 39.3% of all households will be one-person households in
that year?3. Of these, 55.0% are expected to be elderly.?* (Fig. I-11)

2015 2040
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Fig -10 Demographic change from 2015 to 2040. [11]
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Fig. I-11 Household composition in Japan in 2040 and the percentage of households
headed by one person aged 65 or older [12]

3.1.6 Child abuse and poverty

In recent years, child abuse and poverty have been on the rise (Fig. -12). The number of
cases of abuse and the number of consultations with child guidance centers continue to
increase, but no improvements have been made even though the problem has been
recognized?. In addition, there are children in Japan who, due to the environment in which
they were born and raised, do not have access to a nutritionally balanced diet or to educational
opportunities. The relative poverty rate for children under the age of 17 in Japan is 13.5%2%,
and there are approximately 1.37 million elementary and junior high school students who
receive schooling assistance for economic reasons (according to the Ministry of Education,
Culture, Sports, Science and Technology, 2018). However, even if children and their parents
are aware of poverty, they do not seek support because they are concerned about the eyes of
those around them, making child poverty less visible. Child poverty and abuse have become
even more difficult to see from the outside due to the disintegration of communities and over-
individualization. There is a high risk of these problems spreading in a chain reaction in the
future, and they need to be solved immediately. Against this background, our society needs to

shift to a society where children are watched over and nurtured by society as a whole.
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Fig I-12 Changes in the number of child abuse cases [13]

3.1.7 Necessity of setting and working on this MS target proposal
(Scientific and technological requirements)

From the perspective of the academic world, the issue of declining birthrate has been
overlooked. For example, four of the seven Moonshot proposals are based on the idea of
opening up the way to a society with declining birthrates and an aging population through
radical innovation. However, if you carefully read the proposals, you will find that they include
"freedom from physical limitations,” "prevention of diseases,” "robots that coexist with
people,” and "health until age 100. In other words, even if all seven moonshot goals are
achieved by 2050, the problem of declining birthrates and aging society will not be solved.
The same seems to be true for Society 5.0, the vision of the academic world. | am concerned
that if this trend continues, Japanese academia will not be able to fundamentally solve the
problem of declining birthrates and aging society. From the perspective of the academic world,
I believe that proposing a fundamental solution to the problem of declining birthrates in
setting this goal will have a unique and significant impact.

Although the number of children a couple can have is decreasing due to biological
limitations caused by late marriages, it has become possible to discuss age-independent
pregnancies and other issues due to major developmental modalities such as assisted
reproductive medicine and iPS cells. It is no exaggeration to say that we have already stepped
into the "realm of God," so to speak, as progress in the field of life science is extremely rapid,
due in part to international competition. It is important to focus on the fields of reproductive

medicine and women's health care, while also discussing the ethical aspects.
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In order to realize the society we propose, it is necessary to change social systems,
institutions, and laws, and this is a problem that deals with complex systems. What kind of
society we will create in the future is currently the subject of active debate, and we are now in
the demonstration stage. There are probably countless correct answers to this question, and
it will be difficult to draw a clear-cut blueprint like the Grand Unified Theory. This is just our
personal opinion, but the recent Smart City concept and Society 5.0, which emphasize
efficiency by pushing digital technology and Al to the forefront, seem to be "inorganic”
evolution. We should work together with social scientists, social system designers and other
experts from various fields, citizens, and local governments to create a society where digital
and analog technologies are in harmony, and where the evolutionary process of humans and
our genetic instincts are taken into consideration.

The further development of assisted reproductive medicine and life science is a field that
must be advanced through discussions on ethics, religion, culture, and other issues, and
cannot be solved by short-term efforts. To begin with, the mechanisms of development and
differentiation of living organisms are not clear at this point, and a vast amount of basic
research is needed. In addition, it will take at least 10 years or more to reach the stage of social
implementation, if we estimate the approval process of non-clinical and clinical trials.

Social system transformation is also not easy in the short term. Individual mindsets,
cultures, laws, and economic systems will need to be changed simultaneously, and countless
and long-term empirical studies will be needed. It will take countless, long-term empirical
studies, and we will have to wait for a generational shift to change these things. Therefore,
there are many initiatives that can be started immediately, but they need to be implemented
continuously and persistently until they become effective.

Recently, as a big step towards creating a child-centered society, it has been proposed to
establish a "Children's Agency" which is a governmental organization that will deal with the
administration of children. In addition, the subsidies for infertility treatment have been
expanded from January 2021. The government is becoming more and more aware of issues
related to fertility, childbirth, and childcare, and now is the time for science and technology

to focus on these areas for solutions.

3.2. Social significance

The aim of this proposal is to design and build a "society where people can hope for a child
with hope" and to develop “technology that enables people to have a child when they want
one (Fig -13). Itis also to eliminate the suffering and pain of those who are responsible for
pregnancy and child rearing, as well as young children. Parents and children can grow up

healthy and sound, with enough physical and mental space, without giving up what they want

18



to do and learn, and with the kindness and care of society as awhole. They can grow up healthy
and sound, cared for by society as a whole, without giving up what they want to do or learn.
This is the "society of prosperous offspring” that we are aiming for.

As a side note, this is not a suggestion from the top, "Have more children, have more
children. I would like to make it clear that this is not a proposal from the top. There is nothing
wrong with a childless life or a single life, as long as you are happy. It is also perfectly fine to
take in a child as an adoptive or foster parent and lead a good life together. The ultimate vision
of the future is a society where each individual can pursue happiness in a society with various

choices and values.

START I
Life is fun . OK
O "| without kids.

Can't afford
to have kids.

» Painful

Blessed . OK

Desire to
have a child. | ~
Not e
= aintu
2 Realizing a social Blessed
system that allows _ .
people to hope for a child || ‘1 Developing | Adopt a K
with hope. technology to be child
blessed.

Fig -13 Overhead view of the targets and objectives of this

3.3. Action outline

3.3.1 Vision
Education and awareness: Preconception care and sex education should be provided in
schools. While the number of infertile patients is increasing, the number of cases of
unwanted pregnancies is also on the rise.
Companies: An increasing number of companies are providing support to their employees for
fertility treatment. Specifically, these include "leave of absence for fertility treatment,”
"subsidies for treatment costs," "interest-free or low-interest loans for treatment costs," and

"counseling. Although this will increase the burden on companies in the short term, there
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are many advantages in the long run, as creating an environment where employees can work
with peace of mind will increase the possibility of securing or hiring excellent employees.
Efforts should be made to foster a system and culture that is understanding of the burden
of women.

Medical institutions: The success rate of fertility treatment varies greatly from clinic to clinic,

and the lack of guidelines is one of the problems. Efforts are needed to accumulate evidence

Municipality Medical institution
Obstetrics and Gynecology |

NPO/NGO

!_ -Psychi-at.ry-. | pediatrics |

dParents’ physical and mental Moth /Fath
management of their own children other/Father +
EDiffieull i parents are not physically and Company
mentally healthy V
L Children can manage thalr own Children — Reglﬂnal p‘\bcrlanES
physical and mental health.
FDImcult for Infants

Fig -14 Inclusive support from various sectors and networks

in basic research and to provide scientific fertility treatment.

Insurance system and costs, etc.: Advanced infertility treatment requires extremely high
costs, and this has become a major burden for the people involved. It is hoped that the burden
on patients will be reduced by shifting to outcome-based medical costs, for example, paying
the full amount when a child is born.

3.3.2 Vision
It is necessary for stakeholders involved in supporting parents and children to share their
opinions and create an inclusive system of oversight (Fig -14).
People involved in supporting parents and children: local government, child guidance
centers, various NPOs and NGOs (poverty support, free tutoring, food banks, children's

cafeterias,) medical care (obstetrics and gynecology, obstetrics, pediatrics, psychiatry),
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nursery schools and kindergartens, elementary schools, welfare commissioners, social welfare
councils, police

Researchers (all research topics related to parents and children; labor issues, poverty, social
systems, history, abuse, education, and research topics related to building a watchdog system;
information systems, society, ethics, politics, law,)

There are already various governmental supports and organizations in the society to help
with childcare and livelihood. As for the issue of poverty, the Corona disaster since last year
has caused poverty to increase. In today's society, there are systems in place to support people
with life challenges, but with the increase in the number of supporters, there is no connection
or coordination for the proper use of the various support systems, which depends on the
abilities of the supporters and the field, and is critically lacking in resources. It would be
desirable to update the functions and efficiency of the support organizations themselves, and
to strengthen the connections between organizations and institutions through ICT, Al, and
other scientific technologies. However, collaboration among sectors such as government
(differences in the temperature of efforts by each municipality), the private sector, research
organizations, and medical institutions is difficult because it does not lead to social and
economic benefits, not to mention legal restrictions. Furthermore, from the perspective of
personal information, it is necessary to consider a social infrastructure system with excellent
security that can be used with peace of mind, as well as ethics and regulations, such as the
extent to which the system should be watched over and the extent to which it should be

monitored.

4. Benefits for industry and society

Advances in reproductive technology will create a society with a variety of options. In
particular, the difficulties and problems unique to women's lives will be scientifically and
socially eliminated. In the era of 100 years of life, life events will be concentrated in the first
half of the century, and women will no longer be forced to make decisions of choice. In
addition, even if they change their mind about the decision they made at that time, they will
be able to "take it back,” which will lead to a wider range of life for the people concerned.
Transcending "sex" as defined by sex chromosomes will also bring gospel to sexual minorities.

Cities, regions, and towns will be built across the country from the perspective of
"national wellbeing. It is a social system that is sustainable and allows people to interact and
create communities naturally. Residents will be able to connect with their neighbors in a way
that suits their individuality. It will be a society in which the mechanisms that trigger these
connections are implemented everywhere, and in which the people have enough time to
participate in them. In addition, people's innate needs (social needs, biological needs, self-

actualization, etc.) will be satisfied.
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The sense of anxiety, burden, and loneliness regarding childbirth and childcare will be
greatly reduced. At the same time, social systems and technologies are implemented that allow
both parents and children to obtain adequate oversight and support. Environments and
technologies (perhaps utilizing Al, 10T, data science, etc.) that make it easy to obtain support
as needed are in place. Through these systems, the government, NPOs, and public institutions
themselves (child guidance centers, etc.) are able to understand the social and economic
status as well as the status of parents and children, and provide more effective and efficient
administrative support without leaks.

In a society where the responsibility for the upbringing of a child does not fall solely on
the genetically related parents, there is no room for unhealthy upbringing in closed rooms.
Parents are human beings, and of course they are not perfect. They may have illnesses and
other problems. In addition to strengthening support for such cases, we need to develop
human rights-conscious behavior change techniques for parents who are dependent or unable
to control their emotions. If we can achieve these goals, the cycle of poverty and abuse will be
stopped and the number of crimes will be reduced. We can also expect to give back to society
by working hard. The administrative and social burdens placed on these problems will be
reduced, and society as a whole will be stabilized.

Well-being is also known to be correlated with productivity and creativity. A society in
which everyone can feel secure in their desire to have and raise children is a well-being society
in which people are optimistic and feel that they can "make it work,” and a society in which
productivity and creativity are high.

In order to achieve the society described in this moonshot, the science and technology to
be introduced into society, its contents and effects must be understood by society in general.
In other words, the relationship between science and technology and society has become a

social structure where the understanding of society has increased.
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Il. Analysis

1. Essential scientific/social components

1.1. Vision Issues for “Anyone can have a genetically related child at any time if they
wish.”

The treatment of infertility-related diseases is still a challenging task. In the first place, there
is still much that is unknown about the human development and growth process. Therefore,
there is a lot of variation in the effectiveness of treatment in clinics, which is one of the reasons
why infertility patients are troubled. When a rescue treatment, such as a third party (sperm
donor or surrogate mother) is involved, many ethical and social issues arise. Bioethical and
regulatory considerations must also be taken into account, such as those related to the identity
of the unborn child (the right to know one's origins). The surrogate mother business is
rampant in developing countries. The dignity of women is being lost, and it is essential to

consider this issue within an international framework.

1.2. Vision Issues for “We can look forward to our children with hope, and all parents

and children can grow up healthy and safe.”

1.2.1 About causal loop diagrams

First, I will briefly explain the causal loop diagram used in the analysis of social systems,
and the systems thinking on which it is based. Systems thinking is a conceptual framework for
uncovering overall patterns of change and finding ways to change them effectively by
capturing the interconnections and invisible structures among the elements of a system?’. The
causal loop diagram (CLD) is a tool used in systems thinking to decompose a system into
variables, analyze the causal relationships among the variables, and visualize the results. In
CLD, the structure of the system is explicitly derived by connecting variables with arrows?®.

In a system where multiple elements are intricately intertwined, it is difficult
to see the overall picture and the impact of individual interventions on the whole
when communication only cuts to one aspect. On the other hand, it is difficult
to find concrete and effective intervention points and measures by simply
discussing at a high level of abstraction. Systems thinking and causal loop
diagrams are effective analytical methods for considering intervention points and
methods while grasping the overall picture when improving a system in which
multiple elements are intricately intertwined, and they have already produced

results in many cases of social change?®. It is also expected to be further utilized
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in science and technology communication®,
Therefore, this study will use a causal loop diagram based on systems thinking as a tool for
analysis and depiction of the results to highlight the social structure related to "childbearing

and childrearing,” organize the issues facing Japanese society, and examine the points of
intervention and the direction of future research themes.

The basic description rules of a causal loop diagram are shown in Fig. 11-1

h\s\ When A changes, B changes in the
X

same direction(When A increases, B
A B also increases, and when A

decreases, B also decreases).

/_\O%t When A changes, B changes in the

A 3 opposite direction.(When A increases,
B decreases, and when A decreases,

B increases).

Indicates a connection with a delay.
A B .

(DThis loop indicates the presence of
structures related to amplification,
virtuous or vicious cycles, rapid

A @ B increase or decrease.
@There are either no "0O"

connections at all or an even number
of "O" connections in the diagram of

this loop.

m (@This loop indicates the presence of

a balancing, restraining, limiting, or
self-regulating structure.
A @ B
@There are an odd number of "O"
\\_/ connections in this loop diagram.

Fig. 11-1 Basic description rules for causal loop diagrams [14]

Source:Modified from David Peter Stroud, "A Practical Guide to Systems

Thinking for Social Change" (2018).
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1.2.1 Overview of the social structure analyzed in this study

As a result of six months of research and analysis, the team has developed the following
picture of the social structure surrounding child-rearing in Japan.

The right hand side shows the social structure of couples/partners of the right age, and the
right hand side shows the social structure of poor families and their supporters. The right
hand side shows the social structure surrounding poor families and their supporters. The
details will be discussed in turn, but it is obvious that the two structures, while separate from

each other, are closely related and linked. (Fig. 11-2)
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Fig. 11-2 A cause-and-effect loop diagram showing the social structure that makes it increasingly difficult for people to have children as an

inherent desire, as they lose their sense of marginality (amplifying their sense of anxiety and loneliness). (Provided by: General Incorporated

Association Tamani)
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In particular, the team found that a

) N . VUCA Era.
particularly significant factor in the

context of this period was “the physical Anxiety N
and mental well-being of the population % ;

(of the appropriate age) (Fig. II-2 &
center). This can also be expressed as a Loneliness
self-reinforcing loop of "anxiety” and Modernization/urbanization/internetization
"loneliness (Fig. 11-3 . And, that is /(corona disaster)

Pleasures and conveniences that have
accelerating as a result of a variety of been pursued individually
factors. Fig. 11-3 Self-reinforcing loops of loneliness

For example, against the backdrop of and anxiety

modernization/urbanization/internetization/corona disaster, individually pursued pleasures
and conveniences have accelerated isolation and loneliness. This reduces the opportunity to
relativize the self and increases "anxiety". In addition, we are in the so-called VUCA era with
the acceleration of the new acceleration of technology (VUCA is an acronym for Volatility,
Uncertainty, Complexity, and Ambiguity. These four elements are intertwined in a
multilayered manner in today's social environment, causing people more anxiety and stress
than they can imagine. In order to relieve this anxiety, we consume time and money for short-
term gains and to improve our abilities, which further deepens our isolation and loneliness,
creating a vicious cycle.

For example, in terms of the employment environment, lifelong employment is collapsing,
and non-regular employment is increasing. We live in a social environment where each
individual must assume that if they do not improve their performance or acquire skills, they
have no future. We live in a compulsive age where we are "driven" to do something, which
leaves us with little time or mental space. Fig. 11-2 R9-12)

In terms of the child-rearing environment, kinship networks are collapsing, and regional
and neighborhood networks are also becoming more fragile. Anthropologically speaking,
humans have not evolved to be able to raise children alone or in nuclear families. In such a
situation, it is unnatural to raise children in isolation, and it is natural to feel strong anxiety.
In addition, in this age of uncertainty, we are inundated with information and have no
opportunity to learn from other people’s experiences in child rearing, so it is easy to assume
that there is a right answer to child rearing. R17-20)

Furthermore, while the promotion of "solitude for each person™ has encouraged a free way
of life, it has also instilled a sense of self-responsibility if something goes wrong. There is also
a culture of shame in Japan, and an atmosphere of not being able to say, "Help me,” even when

backed into a corner is prevalent in the world. Furthermore, the corona disaster has
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increasingly eliminated opportunities for accidental encounters and interventions, making it
impossible to detect signs of a crisis situation. In terms of technology, the development of ICT
technology makes it easy to form "connection-like" things with people. However, we believe
that we are no longer able to build trustworthy human relationships.

Based on the above understanding of the overall picture, the results of the analysis will be

explained in detail in the following sections.

1.2.2 Basic social structure of couples/partners of appropriate age
Fig. 11-4 is a right side part of Fig. II-2. This is a causal loop diagram depicting the basic
social structure of men and women of the appropriate age for childbearing and childrearing
in Japan from two perspectives: ideal and reality.
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Fig. 11-4 Basic social structure of couples/partners of appropriate age (causal loop
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The cycle indicated by the red arrows (R1) shows the ideal cycle that the country and its
people originally aim for each other.

The country wants to increase the birth rate and the number of workers, and achieving
both of them indicates the success of the related measures. If such measures are able to
provide consistent and comprehensive support to the public, the public will be able to gain
physical and mental well-being, which in turn will increase the number of people working
alongside childbirth and childcare, and the success of these measures as a national policy will
enable further support. This self-reinforcing feedback loop is the ideal story that both sides
are aiming for.

However, reality doesn't always go according to the ideal. R2 represents the story of reality
that circulates between the country and its people. Contrary to the ideal, the structure of the
system prototype is that of an "unexpected adversary," where the short-term self-help efforts
of the country and its people result in interfering with each other's long-term success. This
system archetype is a story that shows how two parties, as a result of their respective efforts,
can unintentionally fall into a structure that sabotages each other's success.3!

The government tries to develop a variety of measures to increase both the birth rate and
the number of workers, but in the short term, it is difficult to come up with long-term and
essentially effective measures because they have to be driven by politicians’ election strategies.
This is because the current demographics of Japan make it difficult for politicians to set policy
goals that are not relevant to the generation that gives birth to and raises children, such as
fighting for policies for the elderly in their manifestos, in other words, to win votes. The
measures that will be realized as a result are perceived by the public as such, both
internationally and by the public, as they lack long-term vision and broad coverage®. With
such limited support measures, many people are worried not only about raising their children
but also about their own future, which naturally erodes the "mental and physical well-being
of the people. At the same time, the lack of marginality and low level of satisfaction with life
makes people more likely to be dissatisfied with the government and politics (R3).

As a result, people are forced to rely on "self-help,” and money and time for other things
become tight (e.g., caregivers who think that public schooling will not make their children
happy send their children to cram schools, send them to private schools from an early age,
save money to finance their own children, etc.). This is the case for many people. In this way,
having a child becomes a life event with a very high cost.

In addition, the difficulty of people's self-help efforts and resource allocation in their daily
lives, as well as the situation that forces people to view having children as difficult, all form a

self-reinforcing loop that erodes people's physical and mental well-being (R4, R5, R6). This
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multi-layered and overlapping vicious cycle (negative self-reinforcing loop) ultimately makes
it difficult for the public to desire to have children themselves®. As a result, the birthrate is
declining at an accelerating pace, which can be seen as the current situation in Japan. As a
result, the prospects for increased tax revenue will decrease. At the same time, the national
burden ratio will increase, and people will have even less hope for the country®. In the long
run, the budget for effective measures for this generation will be further reduced. Politicians
will be less likely to focus on the child-rearing generation as a way to win elections.

What this self-reinforcing loop shows is the story of a vicious circle in which, as mentioned
earlier, the self-help, well-meaning actions of each country and its people ultimately hinder
the success of the entire system. We need to update the entire system with effective
interventions in this structure as early as possible in the future, up to the year 2050. This study
considers not the "acceleration of declining birthrates” per se, but the "difficulty of wanting
children” as the key variable for solving the problem, and examines what kind of research can
reverse the trend to a "society where everyone who wants to can have children and raise them

with dreams and hopes for the future.

1.2.3 Brake structure of measures to reduce the birthrate by increasing the number of
workers (employment rate)

Fig. 11-5 shows the pattern of the impact on employees of the measures taken by the
government to increase the number of workers (the employment rate) and the response of
companies to these measures.

What these loops show is a structure and mechanism that makes it even more difficult for
people of the right age to feel comfortable and, in turn, to desire children, and the reality of
Japanese society that it is only negatively turning a cycle that has room to turn positively.

The large loop around the periphery (R7) shows how the government's intention to
maintain and improve the labor force, including women who are raising children, does not
necessarily benefit the public, but instead contributes to the declining birthrate. In order to
increase both the birth rate and the number of workers, the government is forcing companies
to provide maternity leave to their employees (especially to male employees these days), and
is forcing (legal system) and pressuring (numerical targets) companies to shorten working
hours. This will reduce the apparent working hours of employees. However, on the other hand,
productivity does not increase so easily, and as a result, the total output of the company tends

to decrease. According to a survey of 277 companies®®, Only 16% of all companies have started
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Fig. 11-5 A social structure in which measures to increase the employment rate lead to
a loss of physical and mental well-being, accelerating the decline in the birthrate (causal
loop diagram) (Provided by: General Incorporated Association Tamani)

to improve the efficiency of existing operations through a series of work style reforms. In other
words, in most companies, the reduction in employee working hours is directly related to the
decline in total corporate productivity. Many companies cite a "shortage of staff" as an issue
that has arisen as a result of the work style reform.3

One of the most important keys to whether this loop (R7) will fall into a negative
reinforcing loop or settle into a stable balanced loop is, as is obvious to all, "productivity.
Companies and organizations that succeed in increasing productivity do not lose productivity
even if their employees' working hours are reduced; on the contrary, they can also motivate
their employees, resulting in the creation of a virtuous cycle. However, the percentage of such
companies is only 16% of the total, based on the aforementioned survey. As seen in Fig. 11-5,
In most companies, the working hours of employees directly and positively affect the total
productivity in the company. As a result, the company is unable to maintain its production
volume at the same human cost as before.

Although this is a slight departure from the main purpose of this analysis, as an incidental

result of the analysis, it is possible to conclude that the government should have promoted
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measures to improve productivity before putting a cap on "working hours,” which is the
"result” of the work style reform. Reducing working hours is only a goal and an outcome, and
it is clear from the structure that the key drive to reduce working hours is to increase
productivity. In addition, when considering the productivity of society as a whole, it is
important to keep in mind that, at the same time as considering productivity within companies,
we should also seek productivity in government and administration as well. It is not only
general companies that need to improve their productivity. Time loss and low productivity in
the operation of government parliaments and administrations can be a life-threatening issue
for the people, as they hold the key to the formulation and operation of institutional policies.
It is important to point out that those who are involved in this process have a great
responsibility to create measures that will increase the productivity of society as a whole in a
productive manner, although this is self-evident. (It is outside the scope of this research, but
when considering what kind of society Japan will have in 2050, the design of institutional
policies and the development of social/organizational designs and technologies to make these
processes productive and conducive to the wellbeing of the people will be an area of great
demand.

After "total output in the firm" in R7, it is as follows.

When the total production volume in a company falls, the gap between the target (or
forecast) and actual production volume (sales) in the company becomes larger. As a result,
the company will have to intervene in the field to provide guidance, etc., and working
conditions will deteriorate. Contracts are often switched from full-time to part-time, and
personnel are often downsized. While some teams and individuals who are able to produce
results may not face any problems, those who are not are under severe pressure. How
companies communicate with them is again key, and the details of this individual loop (RS9,
R10, R11, and R12) will be presented later. And a work-weary populace will find it harder
to afford, which at the same time will lead to an increase in the number of poor families. This

reinforces the story of the "unexpected adversary"” described in R2.

Next, we will discuss the R8-12.

R8 shows a mechanism that makes it difficult for a government to formulate policies from
a long-term and comprehensive perspective, because a simple reduction in working hours
without an increase in productivity is expected to result in a decrease in tax revenue. Actual
tax revenue is affected by a variety of other factors, so productivity is not simply directly
related to tax revenue, but it is important to keep in mind that these basic dynamics are at
work as a base in the system.

R9 indicates the existence of a self-reinforcing loop due to the gap between total production
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Table 11-1Target of questionnaire on childbearing and trust in the government

Female: No children 225 25.0%
Female: With child 225 25.0%
Male: No children 225 25.0%
Male: With child 225 25.0%
Others 0 0.0%

Sum 1100 100.0%

35.26 years

Not married (including separation and bereavement) 436 39.6%
Married 664 60.4%
Sum 1100 100.0%
Saitama 224 20.4%
Chiba 189 17.2%
Tokyo 431 39.2%
Kanagawa 256 23.3%
Sum 1100 100.0%

and productivity targets and actual performance in the company, the amount of organizational
intervention for individuals, and job satisfaction and motivation. Work exhaustion,
satisfaction, and motivation form a self-reinforcing loop with each other®”:3 (R10, R11
Hence, each company needs to turn these loops in a positive direction by increasing
productivity to achieve its production targets and above. Alternatively, organizations need to
convert R12 into a balanced model by intervening with individuals in a way that reduces
individual exhaustion.

In fact, as mentioned above, from an international perspective, countries with generous
support for childbirth and childcare, such as France and Sweden, tend to have higher rates of
women in the workforce. In Japan, some companies are making positive changes to reduce
working hours while increasing employee satisfaction and motivation, which in turn increases
productivity. However, such companies account for less than 20% of all companies. In the
remaining 80% or so of companies, these self-reinforcing loops create a vicious cycle, with

structures and mechanisms that easily exhaust individual employees.
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1.2.4 Questionnaire survey of 1,100 men and women of childbearing and childrearing age
in Tokyo and three prefectures

In this study, in addition to previous research and social surveys, we conducted a survey of
1,100 people aged 20-44 (excluding males and females/students) living in Tokyo and the
three prefectures in order to investigate some of the points that previous research and social
surveys have failed to provide clues about the relationship between the variables and the actual
psychology of the people as described in this section, The survey was conducted on 1,100
people aged 20-44 (male and female, excluding students) living in Tokyo and three

prefectures.
Attributes of the survey targets

The attributes of the survey targets are shown in ! and
Fig. 11-6.

[F7lWhat is vour current occupation?(n=1100)

Unemployed 4.5% public servant3.0%
Other14% \\ l,' Managers and executives 1,1%
Y
Student0.0%% - o
Part-time job 13.9%%
Company
employee
1 office work)
; 237 %
Housewives
13.8% c
ompany
Y " . : emploves
Self-employed profession 2 0% Company| ((technical

employee ok} 18.1%
independent business 1.9% inthe{r}_}?_ﬁﬁ

Fig. 11-6 Subject's occupation (n=1,100

The annual household income is also shown in Fig. II-7. The data provided by the
government is mostly secondary data, and it was not possible to calculate the distribution of
annual income in Tokyo and the three prefectures in this survey, but according to a private
survey, the average annual income in Kanto is 4.29 million yen®®. The high range of annual
income in this sample is probably due to the fact that there was a relatively large sample from

Tokyo, a city with high annual income.
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[Q7] Please select all that apply to your current annual household income.
(n=1100)

Lessthan ¥ 2 million 4.9%

¥ 2 ~ 4 million
14.7%

Over¥ 10million 10.5%

44 6 million
semon e 25.4%
%8~ 10millicn 107%
' ¥ 6 ~ B8 million
25 4%

Fig. 11-7 7Annual household income of the subject (n=1,100)

Survey results and their analysis
Fig. 11-8 shows the responses of the previous survey participants to the question "How
many children are you currently hoping to have? Figure Il 8 shows the responses of the
previous survey participants to the question "How many children do you currently wish to
have? A little less than 40% of the respondents, both those who have children and those who
do not have children, want to have two children, while 23.3% of the respondents do not want

children.

[Q2] How many children are you currently hoping to have? (n=1100)

COverd persons 1.7%

Don't
105% 0 perssn
3 perzons =
97% e
1person
14.9%
2 persons
30.9%

Fig. 11-8 Number of desired children n=1,100)
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Fig. 11-9 shows the responses of 225 men and women with children (550 respondents in
total) to the question "How many children do you currently have? Fig. 11-10 indicates the
number of children a married person wishes to have. Although this includes cases where
people want to (and are able to) have and raise children in the future, the fact that the total
fertility rate is 1.36 (2019) shows that there is a gap between the actual number of children
and the desired number of children.

[Q1] How many children do you currently have?
(n=550)

3 persons Overd personz 2.4%

6.9% —~_
1 person
482%
2 persons
42 B%:

Fig. 11-9 Current number of children n=550)
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Mumber of children desired by married men and women

Qwverd persons
2:4%

Fig. 11-10 Number of children desired by married men and women (n=664)

Fig. 11-11 is the response to the question, "If you were to have one more child than you
currently want, what do you think you would need? This is the answer to the question, "If you
were to raise one more child than you currently want, what do you think you would need?
More income is the most desperately needed by 77.1% of the respondents, and they are also
worried about their health and physical strength (50.1%), balancing work and family (37.5%),
finding time to have and raise children (35.7%), and not having a network to turn to in times
of need (29.5%).
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[Q3] If you wanted to raise one more child than you currently want, what do you think you
would need? (Choose as many as you like)
(n=1100)

More income than ever before M1

Social and educational environment

where children can grow up freely 3.5

The existence of family and
community networks thatcan be 1.5
relied on in times of need

Time to bear and raise children 3.7

Health and fitness of you and your 501
partner

A good living environment for raising 29.2
children

Partner's consent to raise the child 21.6
Balancing work and childcare s

A body that can bear a child 28.1

Partner's reasonable involvement in

housework and childcare &3

Facilities and mechanisms to leave
children in care, such as childcare 7.2
facilities and school-age facilities

Not particularly 1.5

Fig. 11-11 What you need to do if you want to have and raise one more child. (n=1,100)

On the other hand, when asked, "What do you currently do or plan to do that is necessary
to have and raise children? On the other hand, "What do you currently do or plan to do to
have and raise a child?" was the top answer at 45.4% (Fig. 11-12). In Fig. 11-11, Considering
the fact that 77.1% of the respondents need more income, we can see that there are those who
want to increase their income but cannot find a way to make a concrete effort to do so, and
those who are resigned to the fact that they will never reach an amount of income that they
consider sufficient to have and raise children. Compared to Fig. I11-11, the items with the
largest gaps were "formation of family and community networks that can be relied on in times
of emergency" and "development of a work environment that allows for both child rearing and

work.
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[Q6] What do you currently do or plan to do that is necessary to have and raise a child?
(Choose as many as you like)
(n=1100)

Increased income 45.4

Improvement of living environment 19.2

Aligning awareness of having a child

with your partner 280

Allowing time to have and raise
children 1.0

Infertility treatment 69

Formation of family and community
L networks that can be relied on in 10.7
times of need

Saving for childcare and education 30.4

Appropriate sharing of housework

i ¥ 18.4
and childcare with a partner

Maintaining one's own health and 90
fitness :
Maintaining a work environment that

balances work and childcare js

Establishing a work environment that
can be compatible with trying to have
a baby and fertility treatment

6.5

Not particularly 30.2

Fig. 11-12 What you do to have and raise your children. n=1,100)

In response to the question, "What do you want the government to do to help you raise
your children? In response to the question, "What do you want the government to do to help
you raise your children?”, the following responses stood out: "Elimination of income disparity
through taxation and various allowances" (52.7%), "Greater subsidies for expenses related to
childbirth, childcare, and infertility treatment" (51.2%), "Facilities and systems where
children can be left, such as day-care facilities and school-age facilities" (47.2%), and "Social
and educational environments where children can grow up freely" (46.3%). On the other hand,
"strong intervention by companies and organizations to encourage employees to take
maternity and childcare leave" (35.2%), "improvement of the working environment" (35.1%),
and "creation of networks and systems that can be relied on in case of emergencies"” (33.5%)
were also common. Fig. 11-13
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[Q4] What do you want from the government in terms of what you need to do to raise your children?

(Choose as many as you like)
(n=1100)

Eliminate income disparities due to
tax revenue and various benefits

Development of a social and
educational environment where

Strong intervention in companies and
organizations to take maternity and
parental leave

Improving the working environment

Building family and community
networks and systems that can be
relied on in times of emergency
Greater subsidies for costs
associated with childbirth, childcare,
and fertility treatment

Facilities and mechanisms to leave
children in care

Not particularly

%

4% 0% 8% 100%
52.7
46.3
3.2
35.1
Bs
51.2
41.2

Fig. 11-13 What you want from the government to help us have and raise children

n=1,100)

In Q5 shown in Fig. 11-14, 959 respondents, excluding those who answered "not

particularly" in Q4 shown in Fig. 11-13, were asked to indicate how much they trusted the

government's support measures for the selected items and the families considering them. The

total of "I trust them™ and "l trust them fairly well" was 16.7%, which is very low.

[Q5] How much do you trust the government's support measures and its review

process for your answer to Q4?7
(n=959)

Notatall
trust
19.1%

Mot trust
much
33.8%

Verytrust 1.9%

‘Almost
trust
14 8%

Neither
30.4%

Fig. 11-14 How much do you trust the government's support measures for having and
raising children? (n=959)
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We will look at the responses to the same questions as in Fig. 11-14, broken down by
segment. Fig. I11-15 shows a graph of the responses to Q4, segmented by whether or not
the child has a preference. Although these figures are very low, with less than 20% of
respondents saying they trust the government's support measures for childbirth and child
care and the process of considering such measures, it is clear that men and women who wish
to have children have more trust in the government's support measures for childbirth and
child care and the process of considering such measures. In other words, trust in the
government's support measures for childbirth and childcare, as well as in the process of
considering such measures, has a significant impact on whether or not a person wishes to
have children. More over As seen in Fi. 11-16, Those who actually have children clearly have
a higher level of trust in the government's childbirth and childcare support measures and
review process. Again, this suggests that trust in the government’s childbirth and

childrearing support measures and review process has a strong influence.

Childbearing Hope and Confidence in the Country

Don't want to have children
or Don't know
Wants to have one or more

children

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B Verytrust ] Almost trust = MNeither 0 Mot trust much T Not at all trust

Fig. 11-15 Desire for children and trust in national childbirth and childrearing policies
(n=959)
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Presence of children and level of trust in the country

0% 10% 20% 30% A0% 50% 60% T0% 80% 90% 100%

No
children

Have
children

m  Verytrust w  Almost trust " MNeither ™ Not trust much 1 Not at all trust

Fi. 11-16 Presence of children and level of trust in national childbirth and childrearing
policies (n=959)

In addition, we will consider segments by gender and by whether or not they have
children. Fig. 11-17  Relatively speaking, men and women who "have children" have a
higher level of trust than those who "do not have children. On the other hand, it should be
noted that the level of trust among women, who are thought to actually bear much of the
burden of raising children, is clearly lower.

Gender differences in trust in the country

]

£

10% 20% 3% 40% 50% 60% 70% 80% 90% 100%

Male: Have
children

Male: No
children

Female: Have
children

Female: No
children

ap
EI:

m Verytrust = Almost trust ] Neither m. Mot trust much [ ] Mot at all trust

Fig. 11-17Level of trust in the government for childbirth and childrearing support by
target (n=959)

Fig. 11-18 shows the responses to the question, "Do you have parents, relatives, friends, etc.

42



within easy reach that you can rely on when having and raising children? Figure 11 18 shows
the responses to the question, "Do you have parents, relatives, friends, etc. within easy reach
that you can rely on when having and raising children? Fig. 11-19 shows a graph of the
number of children among respondents who have children and their responses to the same
question.

One interesting finding was that although there was no effect of parental presence on the

number of children, the more children there were, the more they relied on their "friends".

[Q10] Do you have parents, relatives, friends, etc. that you can rely on (or could rely on) when having
and raising a child, and do they live within easy reach?(Choose as many as you like)
(n=1100)

Parent 53.2

Siblings or
relatives 20.2

Friend 13.4

Not
particularly

Fig. 11-18 Existence and type of dependable person who is within easy reach (n=1,100)

The relationship between having someone you can rely on and the number of children you currently have.

0% 10% 20% 30% 40% 50% 60% 70% 80% 0% 100%

One

Three

Over
four

Siblings or Not

W Parent . relatives =  Friend particularly

Fig. 11-19The relationship between the number of children and having someone you can
rely on within easy reach (n=550)

Summary of Analysis Results
From this survey of 1,100 respondents, the following points were revealed as trends.



Most people want to have about two children (while the total fertility rate is 1.36).
As for the factors needed to have and raise a child, "more income” (77.1%) was the
most desperately needed, followed by health and physical fitness (50.1%),
balancing work (37.5%), time to have and raise a child (35.7%), and a network to
rely on in case of emergency (29.5%).

When asked what they would like the government to do to help them have and raise
their children, the most common responses were "Eliminate income disparities
through taxation and various allowances" (52.7%), "Greater subsidies for expenses
related to childbirth, childcare, and infertility treatment” (51.2%), "Facilities and
systems for leaving children at home, such as childcare facilities and school
facilities” (47.2%), and "Social and educational environments where children can
grow up freely" (46.3%). On the other hand, "strong intervention by companies
and organizations to encourage employees to take maternity and childcare leave”
(35.2%), "improvement of the working environment” (35.1%), and "creation of
networks and systems that can be relied on in case of emergencies” (33.5%) were
also common.

4. Although the presence of parents had no effect on the number of children, the
more children there were, the more they relied on their "friends".

Men and women who want children actually have generally low trust in the national
childbirth and childrearing support policies of the people, and in the process of
considering them.

Among them, those who are relatively trustworthy tend to have hopes of having

and raising children, and actually do so.

1.2.5 Social structure of poor families

Fig. 11-20 shows each part of the social structure surrounding poor families.

R13 is a basic causal loop diagram in which family income and livelihood stability leads to

increased income for children. If we can break this loop (chain), we can pave the way to save

children from its negative impact even if their caregivers are poor.

During the period of high economic growth, fathers worked for stable companies (seniority-

based, lifetime employment), mothers raised their children at home as housewives, and there

were large families of three or four generations. Even in that era, there were probably a certain

number of cases of poverty and abuse, but social welfare was able to cope with them. However,

the so-called "lost 20 years" from the early 1990s to the bursting of the bubble economy saw

a transformation of society, and from 2001 the Koizumi administration's policy of structural
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reform without sanctuary led to a small government and neo-liberal economy, and the spread
of a labor environment (non-regular labor) that was more convenient for business owners.
Many middle class people have moved down to the lower class, and the society has changed
into one of disparity between a few upper class people and many lower class people (the
percentage of non-regular employment doubled from 19.1% in 1989 to 37.2% in 2020
according to data from the Ministry of Health, Labor and Welfare.

Number and accuracy of
contacts with families

$H
el targeted for support by
Children’s income % { v local governments/support -5
Family income Parenting/living support groups
A R13 and livelihood - ¢ opportunities available to - §

(%] stability families
J{ / \ R16 \ R15

Investing in

children's _‘_.CJ 5‘__-' Education/heal

education th/information

literacy of R1 4

Quality and quantity of

A R16' . s information coming into
e - the local
government/support
%)
Ease of access to \/

S —m=  support services

Fig. 11-20 Causal loop diagram of the basic structure of reproduction in the economic situation
of families and the social structure of support for poor families (Provided by: General
Incorporated Association Tamani)

R14 and R15 are the support loops for R13.

Local governments and local NPOs have prepared various (whether sufficient or not)
menus of support, but being prepared does not mean that the support will be delivered to
those who need it. Furthermore, the poverty rate has remained high due to changes in the
social structure, where economic growth has stagnated and accelerated into a society of
inequality.*®  And the burden on the supporters to deal with the increasing abuse problem
is also increasing.*

R14 indicates that in order for families to reach support, there is a need on the part of
caregivers to access support services through a minimum level of literacy in education, health,
information, etc., and the ability to make decisions based on the knowledge and information
they learn and the time they devote (or can devote) to doing so (R14). These are the first

hurdles in bringing access to support to families in need, as well as having a significant impact
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on the quality and quantity of information coming into local governments and support groups
(R15). If the quality and quantity of information coming to local governments and support
groups can be increased, and horizontal cooperation among supporters can be promoted, it
will be possible to increase the number of contacts with families who are eligible for support.
This will make it easier to build a comprehensive support system (a social safety net) and, as

a result, increase the number of families that can be saved.

Another key here is the aforementioned "education/health/information literacy of
caregivers"; as shown in R14, this variable is a hurdle that cannot be cracked in order to
achieve support. As shown in R14, this variable is a hurdle that must be overcome in order to
achieve support, but it is also a factor that drives all actions toward family income and
livelihood security (R16). It also has a significant impact on the mechanisms used to
determine the appropriate (or necessary as a basis for) investment in education for children
(R16").

1.2.6 A set of variables that affect multiple variables in the loop surrounding poor families
Variables that have a significant impact on these loops were identified and plotted through

research and interviews (Fig. 11-21

The quality and quantity of
connections that families
have in the community

Ease of intervention in
the home \
‘; Strength of the local
government/support
\'\' { Numhe(anda:curacy of [ roiif
contacts with families -_‘-ﬂ ’

Parentln flivin,
[hlldren s Family & % targeted for support by
income income and

support upportumues i
-
available to families local governments/support S

+ R13 livelihood Number of o
Support for n stability pieces of advice ""
the mental available ir} the R1S
and physical R16 community
health of Investing in " Funding and
caregivers Shliceens o Education/heal Quality and quantity of institutional support to
education R16' = th/information S information coming into the be invested in local

S —me Support services Quality and quantity of
information coordination

among stakeholders

literacy of R14 local government/support governments and
* caregivers group support groups
W A
L 8 3
= n
s q S
Easeof accessto -

Fig. 11-21 A set of variables that affect multiple variables in the loop surrounding poor families.
(Provided by: General Incorporated Association Tamani)

Ultimately, it is "support for the mental and physical health of caregivers" and "the quality
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and quantity of family connections in the community"” that will have the greatest impact on
"family income and livelihood security.

First, support for the mental and physical health of caregivers is a very important factor in
preventing the reproduction of poverty4434  As a background, caregivers who fall into
extreme poverty or abuse their children often have (1) mental illness, (2) intellectual
disabilities, (3) experiences of abuse and neglect by the caregivers themselves, and (4) other
potentially traumatic experiences by the caregivers. Children from poor and abusive families
become less educated due to the mental illness of their caregivers, poverty and abuse as
children, mental illness of their parents, experiences such as rape, and bad working conditions,
and this leads to a cycle of poverty. Therefore, if caregivers can be supported to get out of
poverty and abuse, the poor education of children can be improved and the cycle of poverty
can be prevented.

Giving appropriate support to these caregivers can have a significant secondary effect.
Support for the mental and physical health of caregivers contributes to the stability of family
income and livelihoods, and at the same time improves the educational, health, and
information literacy of caregivers. Because these two variables are related to multiple other
variables, the size of the support for the mental and physical health of caregivers has a large
leverage and impact on the whole, but the current support for caregivers in poor families is
very limited.

The "quality and quantity of household ties in the community" is another important
variable mentioned in several literatures and interviews. We will look at the arrows extending
from the "quality and quantity of household connections in the community" from right to left.
In the actual field of supporting poor families, even if information about abuse is received, it
is not easy to go into the home. One of the reasons for this is the difficulty in making individual
judgments on how far to go into a case, as well as the judgment of the support group in terms
of personal information, human rights protection, authority of the person in charge, and
communication issues. This difficulty is exacerbated when the information that the local
government or support group has is from a single or limited perspective. In order to make
appropriate judgments and take appropriate actions, it is essential to create an environment
where multifaceted information from multiple sources is available.

The arrow extending from "the quality and quantity of connections that families have in
the community" to "the opportunities for parenting/living support that families can receive”
refers to the support that families can receive directly from their neighbors. The type of
support may be an object or a small call. The existence of such connections should not be
overlooked in order to mitigate the negative impact of isolation and loneliness, which will be

discussed later.
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The "number of advice available in the community” was originally a variable that was part
of the "opportunities for parenting/lifestyle support available to families,” but it was isolated
because it is directly related to the "ease of access to support services" that follows. In order
to take some kind of action to deal with the problem, we need information that can be used as
a concrete starting point. In order to get a concrete clue, the information will only work if it is
as specific and scene-specific as possible, not general. It has long been known and research is
accumulating that connections with neighbors have a dominant effect on health, longevity,
and life satisfaction04546:47.48:495051 | the area of poverty alleviation, it is important to have
connections with distant relatives, experts, and the Internet, which are not sufficient. In
addition, it has been shown that these "connections" can greatly reduce social costs’. The
health of the individual and the health of society as a whole are deeply intertwined, even in
economic terms.

In this section, we have discussed two variables that have a significant impact on the overall
mechanism: "support for the mental and physical health of caregivers" and "the quality and
quantity of the family's ties in the community. Fig. 11-21 is added with other factors such
asThe quality and quantity of funding and institutional support provided to local governments
and support groups, and the quality and quantity of information coordination among local
governments and stakeholder groups. Each municipality has different methods and
temperatures for childcare support. It is recognized that there is currently not enough
collaboration at all among each support group and among stakeholders including support
groups. These variables will be discussed later in the paper with explanations of related

variables and loops.

1.2.7 Connecting the declining birthrate loop between the state and families (right) and
the loop of supporting poor families (left) to capture the overall structure of society
So far, we have analyzed separately the fertility loop between the state and families, "the
social structure in which couples, families, and partners of the right age are placed" (right),
and the loop of support for poor families, "the social structure surrounding poor families"
(left). From here, | would like to turn my attention to the connections and dynamics of both
structures.
Fig. 11-22 shows the presence of a group of loops in Fig. 11-21 that connect the "quality and
quantity of connections in the community that families have" and the "social structure in
which couples, families, and partners of the right age are placed" that have a significant impact

on the dynamics of supporting poor families.
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Fig. 11-22 A loop formed by connections in the community and the difficulty of wanting a
child (Provided by: General Incorporated Association Tamani)

R17, 18, and 19 show the following self-reinforcing loops.

R17 ”The quality and quantity of the household's connections in the community and “the
quality and “quantity of the household's connections with dependable relatives and friends”.

R18 ”The quality and quantity of the family's connections with dependable relatives and
friends”, and “the physical and mental well-being of the population at the appropriate age”.

R19 ”The quality and quantity of family connections in the community” and “the physical
and mental well-being of the population of the appropriate age”.

Here, the variables "the quality and quantity of the household's connections in the
community" and "the quality and quantity of the household's connections with dependable
relatives/friends" have a mutually reinforcing (or weakening) relationship. It is important to
note that the "amount (number) of relatives a family can rely on" is set to decrease.5?

R20 is a self-reinforcing loop, which is a virtuous cycle in which the hurdle to having
children is lowered by being blessed with "opportunities to relativize the child-rearing
experience" through "the family's connections in the community” and "the family's
connections with dependable relatives and friends. Alternatively, it is a vicious circle loop in
which the hurdle to having children cannot be lowered because of the lack of such connections
and the inability to learn from the child-rearing experiences of others. This "relativization of
the child-rearing experience" was provided by relatives until the generation before the junior
baby boomers (the second demographic generation). In the later generations, the
nuclearization of the family progressed rapidly, and the number of siblings living far away
from home decreased.

Based on the above structure, as well as the current situation and future projections, we
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can once again see that what we need to do in order to build a "society where people can have
and raise children with hope" is to shift the design of society so that people can increase their

connections with others in the community.

1.2.8 Weak Safety Nets Accelerate Fertility Decline
Next, | would like to expand the scope of this article and look at the simplest loop of the
entire structure, which involves both the "social structure of couples, families, and partners of
the right age" (right) and the "social structure surrounding poor families" (left), which is the

fertility loop between the state and families. (Fig. 11-23)

R21 indicates the next loop.

The government, which is trying to increase the birth rate and the number of workers, has
not been able to come up with a long-term vision and a broad coverage of support measures
- Insu cient measures to support poor families, i.e., lack of "quality and quantity of
information coordination among stakeholders" and "funds and institutional support invested
in local governments and support groups" — Families receive less support Even non-poor
households become aware that they will face great hardship if they fail to help themselves and
fall into poverty. As a result, their physical and mental well-being will be undermined, leading
to a decline in birthrate.

The loop of R22 is as follows

Government measures to increase the birth rate and the number of workers will worsen
working conditions -> loss of family income and livelihood stability, which will impair the
physical and mental well-being of the people. As with R21, the problem with this loop is not
limited to increasing poverty and the so-called "inequality society," but it also triggers a vicious

cycle that makes it difficult for families that are not in poverty to have children.
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1.2.9 Social structure assumed in this study and summary of this section
In this section, we have looked at the results of analysis using literature, Internet research,
interviews, causal loop diagrams, and questionnaires. Considering them, this proposal regards
the structure shown in Fig. 1l -24, as Social structures involved in bearing and raising children,

and proposes research issues.
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2. Overview of research and development to be conducted to achieve the relevant MS goals
In this proposal, the entire discussion has been divided into two visions for convenience.

The following is a bird's eye view of the areas of research and development that should be

addressed as a whole (Fig. 11-25).

Realize a society where everyone can have and raise children with
dreams and hopes if they wish.

=

Hoping for a child with hope, so that all parents and

Anyone can have a genetically linked child at any time if
children can grow up healthy and safe.

they wish.

c. Regenerative Medicine
Technology

+ Improvement of basic
understanding of human
developmental and reproductive
processes and mechanisms

« Understanding and application of
cell and tissue differentiation

mechanisms
-

d. Biomedical Technology
+ Easy measurement of physiological
and biological functions

+ Technology for tissue and
erganism cultivation in Ex vivo

ELSI

c. Medicine, Health Sciences,
Biomedical Engineering

- Evaluationtechniques for child growth
(pediatric medicine, childcare, physical and
mental conditions, etc.)

« Techniques for assessing the health of
parents during childcare (diseases, mental
health, etc.)

d. Behavior change techniques
« Education, dialogue, and relationships
that allow peaple to think about their own
problems

« Techniques to enhance understanding of
others

- Techniques to control dependence and
impulses

b. Information Science and Technology

+ Creating electronic data on the health status of parents and children

+ Construction of networks among supporters and monitoring of actual support
+ Community and human cannection support technology (prevention of social
isolation)

« Consideration of bioethics and understanding
of international affairs
- Compliance with pharmaceutical regulations

o
a.Preventive medicine

+ Improving understanding of the

processes of cellular aging and

regeneration (basic research)

+ Elucidationof the causes of

infertility

+ Improvement of understanding of

constitution through genome

information

e

b. Medical Technology
+ Elucidation of the mechanisms of
pain and suffering
+ Elucidation of pharmacological
(hermane function) mechanisms
- Technology to predict effectiveness
(success rate)

a. Humanities and Social Sciences
+ Promotion of understanding of social issues
+ Defining and designing the ideal society and regienand the requirements for social

systems
- Consideration for information ethics and ethics
of artificial intelligence
- Handling of personalinformation protecticn

« Policy Science
s and ELS!

ELSI

J

ies and social sci

HProgress on individual efements, ELS] needs to be addressed individually HeNeed to start from o jon of

Fig. 11-25 Research and development required and main areas for the ultimate vision

of this proposal.

2.1. Vision Anyone can have a genetically related child at any time if they wish.

Develop preventive methods against the causes of infertility and technologies that can
dramatically reduce the burden of infertility treatment.

(Issues) In many cases, the cause of infertility is not known in the first place. The physical
and mental burden of infertility treatment is so great that it interferes with daily life and
working life.

(Example of research and development) Understanding the relationship between genome,
lifestyle, and reproductive function. Medical technology that can maintain or maximize each
person's fertility. Technology to quantify fertility. Elucidation of human developmental
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mechanisms and development of control technologies. Technology to determine the maturity

level of follicles even at home. Development of drugs with fewer side effects, etc.

Do not become infertile. Develop technology to restore or regenerate fertility even if it is
lost.

(Issue) The number of diseases that can cure the causes of infertility is still limited. The
aging of the spouse and uterus cannot be stopped. Those who have lost their uterus due to
cancer treatment, etc., or those who were born without a uterus, cannot conceive. Some
people are born with non-functioning gametes, and there is no cure for this. Pregnancy is
probabilistic, even though it can only be attempted once a month or less, and the swings of
expectation and disappointment are large enough to cause depression.

(Example of research and development) Regenerative medicine using universal stem cells,

gene therapy, and transplantation to cure infertility. Technology to restore or increase fertility.

Develop technology that can produce children without depending on the human female
body.

(Issue) In the first place, there is a difference in biological functions between men and
women, and there is no choice regarding reproduction (only biological women can have
children, etc.), resulting in various problems as described in Chapter I.

(Example of research and development) Ex-vivo reproduction through a complete

artificial womb. Technology that allows biological males to become pregnant.

2.2. Vision We can look forward to our children with hope, and all parents and children
can grow up healthy and safe.

Fig. 11-25 shows the research targets for each research area. On the other hand, for Vision
2), as shown in the results of the analysis using the loop diagram, it is necessary to solve the
problems of the social system. Fig. 11-26 shows research targets and intervention area

according to the system of society.
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The research targets are listed as follows.

Development and implementation of social systems that promote the creation of
connections in regions of an autonomous decentralized society.

-1 Design and development of a social system (system architecture) that
encourages collaboration and connection building in the community while drawing
out the inherent potential of people as living organisms. Continuous improvement
and expansion using data.

-2 Technology for extracting points for improvement in social systems through
sensing, network and image analysis technology, and Al-based analysis.
Development of technology to promote the formation of safe local communities
through the development of risk detection Al technology.

Development and implementation of technology to monitor children's
developmental and mental states without burdens

Development and implementation of human rights-conscious behavior change
techniques for parents who cannot stop problematic behavior.

Development and implementation of technology and social systems (data, Al, digital
technology) to promote information coordination and efficiency/appropriateness on

the support side.

In the next section, each item is described in detail.
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3. Japan’s position in overseas trends

3.1. Vision  Anyone can have a genetically related child at any time if they wish.

Research groups in the U.S., Canada, and Japan (especially, a research group of Tohoku
University) are leading the world in the research of artificial uterus and placenta. However,
there are still many hurdles that need to be overcome for practical use. In the basic research
stage, experiments have been conducted using sheep, but for practical use, primates are
needed. First of all, the current issue is which research group will be able to announce its
success with primates. Another challenging issue is how to create a device that can be safely
and accurately handled by anyone technically. In other words, there are many issues that need
to be resolved in order to realize a device, operability, and size that can be used in general
clinical practice, rather than a technology that can be used only by a few specialists.

One of Japan’s strengths is the proximity of medical device manufacturers to research and
clinical sites. Japanese medical device manufacturers tend to value the domestic market
relatively more, and there is a trend to make products that can be sold to domestic doctors.
This has led to the immediate modification and commercialization of products based on the
usage experience of clinical doctors. Medical device manufacturers in the U.S. and elsewhere,
being large corporations, take a considerable amount of time to make a single modification,
going through extensive meetings, modifying the production line, and so on, while small
requests from the field tend to be ignored.

Artificial umbilical cord catheters and artificial uterus/placenta, which are being
researched and developed at Tohoku University in Japan, are being developed in close
collaboration between domestic medical device manufacturers and researchers in the field.
This speed, accuracy, and diligence are the strengths of Japan, and this is why we are able to
stay at the forefront of the world.

Research using iPS cells and other pluripotent stem cells is one of the fields in which
Japan is a world leader. There is a good chance that Japan can lead the world in research on
regenerative medicine using these cells to combat the decline in fertility. As described in the
chapter on ELSI, the so-called "14-day rule” for embryonic research using fertilized eggs has
been abolished, and it is now up to each country to decide how many days it is permissible to
culture fertilized eggs. As described in the ELSI chapter, the so-called "14-day rule" for
embryonic research using fertilized eggs has been abolished, and it is now up to each country
to decide how many days of culture are allowed. It is extremely difficult to culture fertilized
mammalian eggs for a long period of time, but the culture period is being extended every year.
The competition for future technological development will depend on the constraints of the
culture period.

As for uterus transplantation technology, there are no examples of uterus transplants in
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Japan, but overseas, transplants of uteruses donated by mothers, sisters, and deceased people
have been attempted since 2000, and a group in Sweden succeeded in giving birth for the first
time in 2002. Nearly 40 babies have been reported to have been born in more than 10
countries including the U.S., Czech Republic, and China. In Japan, a research group led by
Keio University has successfully performed uterus transplantation using crab-eating
macaques, and became the first non-human primate in the world to give birth after uterus

transplantation, thus achieving a high level of technology.

A questionnaire survey on the proposed science and technology was conducted among
144 men and women who had experienced infertility treatment for investigating the
acceptability of this vison.

Question 1: "Please select "all" of the future scenarios that you feel are "rather
favorable/desirable. The following were the responses with relatively low approval ratings for
(Fig. -27)

Option 3) A future in which the choice of surrogate motherhood (“having the baby born”
by a voluntary third party) is commonplace (36.8%)

Option 5) A future in which multiple men and women can become the genetic parents of a
single baby (13.9%) (Note: This means that sperm and egg donors can become parents to the
child born.

This suggests that many of those who have experienced infertility treatment do not want a
fertility treatment in which a third party participates.

The reason for the large number of votes for option "(2) A future where future women can
freeze their eggs in their twenties to ensure that they can conceive when they want™ is probably
dissatisfaction with the biological age limit.

The reason for the large number of votes for option "6) A future in which single women can
easily choose to give birth and raise their children alone" is not because they want to reproduce
alone, but because they hope for a society in which single mothers can choose to divorce with
peace of mind and plenty of support from society.

Surprisingly, many respondents agreed with option (4), "A future where the choice to have
children without blood relations, such as through adoption, is more common. Where the
desire for genetic connection and the obsession and bias toward blood relatives comes from
needs to be investigated, but it is desirable as the ideal form of society.

As seen in Fig. -28, Fig. -29, many people agreed that "technology that allows men to
conceive and give birth to children” and "technology that completely eliminates the burden of
pregnancy and childbirth on the female body, such as artificial wombs" should be developed

as options. However, there were also opinions that the application of these technologies
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should be limited, for example, to those who have unavoidably lost their fertility due to illness
or to LGBT people. In response to the former question, some women expressed their desire
for empathy, saying that they wanted men to understand the pain of menstruation and
childbirth. Perhaps what they truly want is not the technology itself, which allows men to give
birth, but the understanding and sympathy of men, the people around them, and society for
the unique suffering of women. In this sense, the goal is not only to develop reproductive

technologies, but also to innovate social systems.
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Question 1 : Please select "All" for the future that you feel "rather

favorable/desirable” about.

(1) A future where the success rate of fertility treatment is much higher and
everyone can achieve pregnancy in the shortest possible time through treatment.

A future where freezing eggs in your 20s will ensure that future women can get

pregnant when they want to.

(3)  Surrogate motherhood (having the baby born by a voluntary third party) is
becoming a common choice in the future.

4) A future where the choice to have children without blood relations, such as
adoption, is becoming more commeon.

(3) A future in which multiple men and women can be the genetic parents of a single
baby.

{6) A future where single women can choose to give birth and raise their children
alone without difficulty.

(1) A future where same-sex partners can have genetically linked children without
the need fora third party.

)

107(74.3%)

53 (36.8%)
129 (89.6%)

126 (87.5%)
— 111 (77.1%)

0 50 100 150

Fig. -27 Questionnaire survey of infertile people 1

Question 2: About "technology that allows men to conceive and give birth to

children” (i.e., to have the male partner do the conceiving and giving birth)

@ It should be done.

@ It can be one of the optlions.
@ it's better not to.

@ I'm not sure..

Fig. -28 Questionnaire survey of infertile people 2

Question 3: "Artificial wombs and other technologies that completely eliminate the
burden of pregnancy and childbirth on women's bodies.

@ !t should be done.

@ It can be one of the options.
@ it's better notto.

® I'm not sure..

Fig. -29 Questionnaire survey of infertile people 3
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An analysis of Japan's research capabilities by Elsevier Scival

Japan ranks 11th in the world in terms of the number of papers in the research area
"Reproductive Medicine,” lagging behind the United States, China, and European countries.
Although we cannot draw conclusions from the number of papers alone, we cannot deny the
possibility that Japan's research capacity is low compared to other fields. It is also possible that
ethical or institutional constraints are hindering the promotion of research in Japan. This is

an area that should be leveraged by moonshots.

2018 t0>2021
N Compare over time

Scholarly Field-Weighted

Countries/Regions Output Views Count v Citation Impact v/ Citation Count v
1 E= United States 6734 80,540 126 29,686
2 B China 3,634 39,005 0.96 11,242
3 B United Kingdom 2,666 35,586 L6l 13,500
4 B France 1,944 19,774 113 6,549
5 = Iran 1631 36,982 063 4,084
6 BH ltaly 1612 25,307 234 11,054
7 B Australia 1282 19,897 172 7,456
8 = Spain 1,154 15,847 163 6,106
9 = Germany 1,118 13,160 119 4,348
10. 11 Canada 1,010 13,639 128 4,588
1. ® Japan 957 9,619 103 3,383
1. = Netherlands 845 11,848 177 5,603
13. ¥ Belgium 741 10,003 199 4,738
14, = India 714 8,801 109 2,885
15, CB Turkey 705 8,303 107 2,253

Fig. 1-27  Analysis of research power by Scival in the research area "Reproductive
Medicine
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3.2. Vision We can look forward to our children with hope, and all parents and children
can grow up healthy and safe.
In turn, we will summarize the domestic and international trends and issues of research in

each target.

3.2.1 About Target and
Autonomous and decentralized regional social systems

The research that has helped drive the most impactful local (autonomous) decentralized
social system in recent years is the Al future predictions of Hitachi Kyoto University Lab. The
question is: "Will Japan be sustainable in 2050?” The project sought to find a design for a
society with a declining population in Japan.!

In order for Japan to avoid catastrophe (financial collapse, accelerating population decline
(declining birth rate, youth poverty), widening inequality and poverty, growing number of
shopping refugees (currently 6-7 million), and hollowing out of agriculture) and remain
sustainable as a nation, it is necessary to (1) steer the country toward a decentralized regional
economy by 8-10 years from now as the biggest turning point, and (2) push back the trend of
(1) by implementing policies continuously until FY2005-20. In order to avoid these problems
and to remain sustainable as a nation, it is necessary to (1) shift to a decentralized economy
by the end of the next 8 to 10 years as the biggest turning point, and (2) push back the trend
of (1) through continuous policy implementation from FY2005 to FY2008. >3

In this proposal, we refer to the above project as the result of the most sophisticated and
technologically advanced simulation of the future, and aim to research, develop, and
implement social systems and science and technology to enhance the sustainability and
wellbeing of our society in 2050. The goal of this project is to develop and implement social
systems and science and technology that will enable our society to enhance sustainability and
the wellbeing of its residents in 2050.

Solitary measures

In recent years, the government and local governments have begun to recognize the
importance of "mutual aid,"” or connections among residents in the community, including
neighbors, in various contexts such as comprehensive regional cooperation and disaster
prevention. The Cabinet Office alone has conducted various large-scale surveys and analyses,
starting with the publication of the report "Social Capital: Seeking a Virtuous Circle of Rich
Human Relations and Citizen Activities">* and continuing with the "Research Survey Report
on Community Function Revitalization and Social Capital™®. It is thought that they are trying
to understand the "connections" between people from all aspects, structural, functional,

guantitative and qualitative, and apply them to their policies.
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If you look around overseas, you will see that more and more countries than Japan have
governments with clear policies that aim to revitalize human connections in the community,
measure them, and then reflect them in their policies. (Table 11-2)

The United Kingdom appointed a Minister for Loneliness in 2018, and is taking national
measures to increase connectivity throughout society, with local communities as one of the
main players. In October 2018, the 84-page strategy paper "A connected society - a strategy
for loneliness" was released, and as of January 2019, more than 126 organizations have been

supported and are working under this strategy.>®

Table 11-2 An overview of the implementation of major measures, including the
revitalization of neighborhood relations, by governments.

Country Overview
Name

Bhutan Since 1971, improving Gross National Happiness (GNH) has been a pillar of national
policy. An important index includes "Community vitality".>

UAE In February 2016, he appointed a Minister of State for Happiness to address Social
Relations as a key driver of Wellbeing and Happiness.*®

United In January 2018, cross-governmental collaboration and compilation of A Strategy for

Kingdom Loneliness, including 13 charities and two universities, was undertaken by The Digital,

Culture, Media and Sport Minister (known as the In October 2018, A connected society
-A strategy for loneliness was developed.

New Zealand =~ On December 13, 2018, the Budget Policy Statement 2019 listed social capital as a key
indicator and announced that the budget would be invested in revitalizing local
communities to improve life satisfaction and mental health.In May 2019, a long-term
plan, the " Wellbeing Budget 2019" was released in May 2019.

Table 11-3 UK government's A connected society: a strategy for loneliness overview and
main points

Overview

e - Effective October 15, 2018.

e - Acomprehensive strategy to tackle loneliness across society has been set out with the aim of
building a society where people who are lonely are connected to services and residents are
connected to residents

e - Ministers and Under Secretaries from 9 ministries, 13 charities, and 2 universities participated
in the development of the strategy.

Points

e - Social relationships are important for people's health and wellbeing.

e - The concept of social wellbeing implies that personal relationships and social support
networks enhance wellbeing, comfort, and resilience. The vision is for governments and all
sectors to recognize the social importance of wellbeing and to encourage its improvement.

e - Distinguish between physical isolation and subjective loneliness, and approach subjective
loneliness.
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The Japanese people and the Japanese government have not been sitting on their hands
about the problem of loneliness or the lack of connection in the community. There are many
diverse and attractive activities that try to connect people within the community.

e.g.) Creation of community cafes and other places to live®®, children's cafeteria®, activities
that seek to bring people together to stimulate the economy within the community®,
Community revitalization activities and share houses in tower apartments, Activities by
companies and others to bring neighbors together with an eye to some benefit, An attempt by
an individual or group to connect with community members on a volunteer basis or as a
service. A regional version of SNS that encourages information sharing and event
implementation in the region.

In recent years, children's cafeterias and community cafeterias have been attracting
particular attention. Children's cafeterias are free or low-cost cafeterias where children can go
alone, and are held once or twice a month at community halls, etc. Many of these cafeterias
are open to the community without limiting the target group.? Community cafeterias are
children's cafeterias that are also accessible to adults without children. The number of
community cafeterias has increased 12-fold in the past three years, reaching 3,700 by June
2019 (one in every six elementary schools).53

Previous research has shown that shared mealtime, co-eating, and commensality play an
important role in mental health®. Food brings people together, whether in daily life or at
celebrations®®. In addition, the meal itself has the meaning of a gift that can be shared with
those who sit together®®. Therefore, it is suggested that these activities are effective not only
in addressing child poverty, but also for the purpose of connecting neighborhood residents.

As you can see, there are many individuals and corporations that are engaged in attractive
activities, but the interaction between neighbors continues to wane, and the need for further
measures is obvious.

As for the government's community policy, in 1969, the then Economic Planning Agency
published a report entitled "Community: Restoring Humanity in Daily Life" with the aim of
building a "local community" involving “citizen-type residents” who are not actively
participating in neighborhood association activities.®” Itis close to the "busy generation living
in cities,” which is the target of this proposal.

Although the national and local governments continued to invest money in the
development of facilities and human resources, it was reported that 90% of the recipients of
the activities were neighborhood associations (54.5% were women's associations such as
neighborhood associations and senior citizens' clubs, and 32.8% were neighborhood
associations themselves). %8 In other words, most of the investments in the series of

community policies did not reach the busy generation (younger generation), but rather
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invested in the elderly and other groups that were already involved in local activities.

As we have seen above, although efforts are being made by various players in the formation
and promotion of human connections in the community, community policies by the
government and local governments have unfortunately not yielded sufficient return on
investment in terms of their results. There is a need to design systems and policies that will
make it easier to involve thoughtful players in the community, and that will make the currently

unconnected segments of the population want or need to participate.

Improving wellbeing and becoming smarter in the community

As technology continues to evolve, various organizations, countries, and cities around the
world are attempting to improve wellbeing through the use of IT. There are several indices
from international organizations, such as the World Happiness Report®, the OECD's Better
life index™, and the EU's Quality of life in European cities. At the national level, there are
various indicators and initiatives, including the aforementioned measures against loneliness,
and technology, including sensors, is steadily being incorporated in R&D and social
implementation.

For example, the Liveability Indicator framework has been adopted by major Australian
cities, such as Melbourne, as a policy tool for urban design and management. This is based on
the framework of the WHOQO's Social Determinants of Health, which aims to improve the
livability of cities through the items shown in Fig. -31.* These data are made public as open
data, encouraging each city to make use of its unique characteristics to create a livable city

that contributes to the wellbeing of its residents.
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What we measure 6
The Healthy Liveable Cities Liveability Index

is underpinned by eight years of research. It

Liveability Walkability
combines nine indicators of liveability found
to be associated with health and wellbeing Our liveability Walkable areas
Index includes all have services to
outcomes. Details on the methods used can
the key ingredients walk to, connected
be found on the metadata page, and on the of liveability. streets and
provided links. population density.
Read more
Read more
Social infrastructure Transport Food Alcohol
Essential Public transport Healthy eating is Access to alcohol
community has multiple supported by close is linked to
services and benefits for health access to consumption and
resources and the supermarkets and health
environment grocers.
Read more
Read more Read more
Read more
Public open space Employment Housing
Parks, places and Less cars, more Safe and stable
greenspaces active transport shelter is essential
support health, and better work- for health and
biodiversity and life balance. wellbeing
cooling
Read more Read more Read more

Fig. -31 Example of Australian Urban Observatory / RMIT [15]

One of the leading organizations driving this trend in Japan is the Smart City Institute
Japand. They are actively working with industry, academia, and government to develop and
implement indicators for a Liveable Well-Being City based on objective and subjective
indicators unique to Japan, in collaboration with local governments, while incorporating the
trends of Society 5.0, Smart City, and Super City.

Thus, in the context of IT-based smart cities, safety and security are also being actively
discussed. In the context of smart cities, the case of Kakogawa City's watchdog camera is
known as one of the outstanding examples’2. With the development of science and technology
in the future, it is certain that sensors and other devices will be actively considered and
introduced. On the other hand, a data-driven society cannot bring happiness to people
without more sensitive consideration of privacy. In Japan as well, the government and the
Data Distribution Promotion Council have been studying the issue. Keeping a close eye on
these developments, it is desirable to design social systems that contribute to the wellbeing of

the people.
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Current trends in the design of social systems using the concept and methodology of
architecting

Another trend that should not be overlooked, both domestically and internationally, is the
increasing importance of architecting (design) and architects (systems engineers) who follow
the methodology of Systems Engineering in the design and implementation of social systems.

The term "systems engineering" refers to "the multi-disciplinary approaches and methods
that enable the successful realization of systems"” and has been used and developed in large-
scale complex systems development such as military and space development in Europe and
the United States. A "system" is defined here as "a combination of interacting elements
(elements) to accomplish a defined purpose. It includes hardware, software, firmware, people,
information, technology, facilities, services, and other supporting elements. Today, they are
used in the development of a wide range of social systems, including social infrastructure and
smart technologies.”™

INCOSE, the International Conference on Systems Engineering, has created a working
group on Social Systems in 2019. In 2020, Japan's Society 5.0 was introduced as an attempt
to develop cities using technology in a human-centered way.

In 2020, the Digital Architecture Design Center (DADC) will be established under the
Information-technology Promotion Agency, Japan (IPA), with the aim of further promoting
the use of systems engineering. In 2020, the Digital Architecture Design Center (DADC)
will be established under the Information-technology Promotion Agency, Japan (IPA), aiming
for further dissemination and utilization.Examples of reference architectures have been
reviewed and presented (Fig. -32).
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3.2.2 About Target and

Research and development of social systems is being conducted as a project of the Research
and Development Center for Social Technology (RISTEX) of JST to address the problems of
poverty and abuse, which is related with Target and . We interviewed the related
researchers with the project.

In terms of research, there has been no survey of the people involved or the parents
involved in problems such as abuse in Japan, and the realities of these issues have not been
fully understood by society and used as a basis for social measures. A solid sociological study
is needed. The first thing that is important is how to support parents, and if parents do not
change, reaching out to their children will not lead to a solution. He also pointed out that even
if the technology is developed, there are other hurdles to overcome before it can be widely
used in society. It is still necessary to look at the issues on the frontline of support. It is
necessary to connect supporters, but the problem is that many of them are not digitized in the
first place. Another issue is that it is difficult to share the decision-making process and
rationale for dealing with cases. Furthermore, dialogue is necessary to draw out, support, and
encourage problems from people. It was also pointed out that not everything can be solved by
Al or digital technology.

We interviewed an NPO, which actually supports poor families, about the situation of
consultation and support. The feedback from the interview was that in Japan, research has
not been able to fully grasp the reality of these social issues, and that there is no secure social
infrastructure such as social systems and welfare.

One overseas example is Finland's Neuvola. This is also a model for the activities of the
"Child-rearing Generation Comprehensive Support Center" in Japan, which provides
comprehensive support from pregnancy to child-rearing, but it is feared that it will not
function in Japan, where the person in charge as a supporter is supposed to be transferred. If
the government system cannot be changed, it will be necessary to use this data in the context
of a data-driven society such as Society 5.0 and smart cities, to support childcare and prevent

poverty and abuse.
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I11. Plan for Realization
1. Area and field of challenging R&D, research subject for realization of the Goals

1.1. Vision Anyone can have a genetically related child at any time if they wish.

Fields and areas to be promoted:

Life science and medicine (reproduction, clarification of developmental mechanism of life,
regenerative medicine, application to reproductive medicine, genome medicine, etc.), cell
analysis technology (understanding the status of eggs and sperm, identification of influencing
factors and prediction of future), medical engineering (artificial womb, etc.), ethics (bioethics,
religious studies), law

Research issues to be addressed in achieving the goals

Research of the relationship between an individual's constitution and fertility, lifestyle,
and reproductive function through genomic and epidemiological research. Research on
lifestyle habits and preventive methods to maintain each person’s fertility.

Medical and pharmaceutical research into medical technologies and drugs that can assist,
maximize, and restore fertility.

Fertility quantification and prediction technology through medical and biomedical
engineering research.

Elucidation of the mechanism of human development and research on control technology
through research in medicine, developmental engineering, and medical engineering.

Research in medicine, engineering, and other fields to measure and determine the
maturity of follicles at home.

Pharmaceutical research into drugs with fewer side effects, such as hormone therapy
during fertility treatment

Research in medicine, regenerative medicine, gene therapy, and other fields to find a
cure for infertility through regenerative medicine, gene therapy, and transplantation using
pluripotent stem cells, etc.

Ex-vivo reproduction with a complete artificial uterus, based on research in medicine,
medical engineering, and developmental engineering. Technology that allows biologically

male women to become pregnant.

1.2. Vision We can look forward to our children with hope, and all parents and children
can grow up healthy and safe.

Fields and areas to be promoted:

ICT technology (semi-transparent communication that allows us to see what is going on

even when we are online, physical intervention), social science (how communities are and can
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be created in the digital age), architecture (housing structures and towns that encourage
community building, psychiatry (parent-child relationships, illness and parenting),
information technology, medicine (indicators of physical abuse, secure information
infrastructure), social science. Parent-child relationship, diseases and childcare), biomedical
engineering (usable even for infants, non-invasive/small sensors), information technology,
medicine (indicators of physical abuse, secure information infrastructure), social science (the
state of social systems), economics (poverty and wealth distribution), ethics (social ethics,
acceptability of interventions, human rights), law (personal information handling methods,
security)
Research issues to be addressed in achieving the goals

Research in the humanities, medicine, psychiatry, etc. on the impact of essential human
functions and values (joy, anxiety, security, etc.) on collaboration and connection with others
in the community.

Research on social systems that promote the creation of connections in regions of an
autonomous decentralized society through the study of systems architecture in the humanities
and social sciences, engineering, and information science.

Sensor, network, and image analysis technologies for sensing biological information,
environmental information, and social environment, based on research in engineering and
information science. In addition, technologies that make it possible to extract points for
improvement in social systems through Al analysis, detect risks in society and intervene
appropriately, and support collaboration among supporters and improve efficiency.

Development of human rights-conscious behavioral change techniques for the treatment
of mental illnesses that affect parental background, childbirth and childcare, and problematic
behaviors such as abuse due to dependence on drugs, alcohol, gambling, and poor control of
heightened emotions, through research in medicine, engineering, medical engineering,
pharmacy, law, humanities, and social sciences. We will also develop techniques such as brain

electrode stimulation and social care.

71



2. Direction of R&D for realization of Goals
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Fig. 1l -33 Targets (milestones) to be achieved in 2030, 2040, and 2050, research and
development aimed at achieving the milestones, and ripple effects of this.

2.1. Vision Anyone can have a genetically related child at any time if they wish.

In 2030, Develop preventive methods against the causes of infertility and technologies that
dramatically reduce the maternal burden of infertility treatment. The number of women
suffering from infertility will be reduced and the burden of treatment will be lessened,
reducing the impact on their real lives and careers.

In 2040, Develop a curative treatment for the causes of infertility. No more giving up on
childbirth due to infertility with a clear cause.

In 2050, Develop reproductive technologies that do not rely on the human female body.
Abandonment of infertility due to gender or biological reasons will be eliminated.

2.2.Vision We can look forward to our children with hope, and all parents and children
can grow up healthy and safe.

In 2030, Develop technology and social systems (data, Al, digital technology) to promote
information coordination and efficiency/appropriateness on the support side. The increase in
abuse and poverty issues will stop.

In 2040, Design a social system that encourages the creation of connections in regions of
an autonomous decentralized society. Technology to watch over parents and children with
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consideration for privacy and technology to predict and predict the risk of problems occurring
will be developed in order to create an environment in which parents and children can grow
up in a healthy manner. Abuse and poverty problems will be reduced by half.

In 2050, To elucidate the mechanism of human trust building, and to demonstrate a social
system that encourages the building of connections in regions of an autonomous decentralized
society, and to spread it throughout Japan. Develop human rights-conscious behavior change
technology for parents who are dependent or unable to control their emotions. We aim to
create a society in which there is no abuse or poverty.

3. International cooperation
In the research and development of the so-called reproduction field, it will be necessary
to keep pace with the international community in terms of ethics.

International comparisons will be important for the construction of an ideal social system.
While referring to the efforts of various regions, such as Europe, America, Asia, the Middle
East, and Africa, it is desirable to tune and implement the system according to Japanese
culture and history. For example, there is no need to excessively demean our country by
comparing only the good parts of Europe with the bad parts of Japan. We need to take a more

bird's eye view and steadily implement realistic initiatives.

4. Interdisciplinary cooperation

Regarding vision 1), close collaboration between life science and medical researchers and
ethicists is essential. Furthermore, when taking the approach of developing an artificial uterus,
it is also important to collaborate with the fields of materials engineering, mechanical
engineering, and biomedical engineering.

For social transformation, such as human networks and community building, which are
mainly related to vision 2), it will be necessary to involve various stakeholders, such as experts
in social sciences and social engineering, local governments, NPOs, and citizens, and build
them in a co-creative manner.

Any technology that can be used as a means to achieve the vision of the society we are
aiming for should be used, and this could include Al, ICT technology, robots, sensors, and
many other things. It would be desirable to promote this project in strong collaboration with
existing MS Objective 3 and others.
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5. ELSI (Ethical, Legal, Social Issues)
Introduction.

The purpose of this section is to clarify what ethical, legal, and social issues exist in order
to realize the society that we are aiming for, to organize the structure of the issues, and to
prospect a path to their solution. This study sets the society it aims to achieve as the MS goal,
defines the vision that must be realized to achieve the goal, and identifies scenarios and R&D
issues to realize the vision. Here, we can see the hierarchical nature of carrying out R&D tasks
in order to realize the society. In this section, the ethical, legal, and social issues are organized
for each of the goals, visions, scenarios, and R&D tasks. After that, we will try to discuss the

idea of changing society.

Our MS goal is "to realize a society by 2050 in which everyone can have children and raise
them with dreams and hopes for the future, if they wish. This is a society in which free will
choices are respected. At first glance, this is correct from the standpoint of utilitarianism, but
there are a few points that need to be considered.

First of all, what is the nature of free will choice? In contrast to choices made by non-free
will, such as those made under duress by others, it would be obvious that we should respect
free will choices. However, it is necessary to consider whether it is possible to make free will
choices without being influenced by others.

Then there is the scope of influence of the consequences of free will choices. Free will
choices are respected on the premise that we take on the consequences of our own choices,
that is, that we do not interfere with the free will choices of others. By the way, our MS goal
is to realize a society where everyone can have children and raise them. The term "everyone"
here refers to those who wish to become parents, and does not include unborn children. The
possibility that the free will choices of parents may influence the free will choices of their

children should be considered as a matter of intergenerational ethics.

About Vision

Organize the structure of the visions and show what past discussions can be used as a
reference for each.

Vision is to use technology to overcome the biological limitations of pregnancy and
childbirth.

Think about the "everyone”. In everyday life, it is between a man and a woman that a
genetically related child is born, and the woman becomes pregnant and gives birth. However,
this is only a part of "everyone”. But this is only a part of "everyone". "Everyone" does not

exclude a single person, a man or awoman, or three or more people. In the case of one person,
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the child is a clone of himself. The creation of cloned humans is prohibited by law (Law
Concerning the Regulation of Human Cloning Technology, etc., Law No. 146 of 2000).

In the case of two people, a man and a woman, if both sexes have germ cells and the woman
is able to conceive and give birth, the results of assisted reproductive medicine can be expected.
In the case of a man and a woman, if both sexes have germ cells and the woman is capable of
conception and childbirth, then assisted reproductive medicine can be used. If a woman is
unable to carry a child to term, a surrogate mother may be an option. However, surrogate
mothers are not allowed in Japan.™

In the case of homosexual couples, it is possible to conceive if iPS cells are created from
somatic cells, germ cells are induced, and then artificial insemination is performed. In the case
of same-sex couples, it is necessary to clarify how their relationship is legally positioned. The
Constitution of Japan states that "Marriage shall be formed solely on the basis of the consent
of both sexes" (Article 24). On the other hand, Article 14, which states that "All citizens are
equal under the law and shall not be discriminated against in political, economic, or social
relations on the basis of race, creed, sex, social status, or family origin. This is also the text of
Article 14. There is a difference of opinion as to what is meant by "both sexes," whether it is
a man and a woman or the parties to a marriage, and whether the decision is consistent with
the concept of equality under the law.

In the case of three or more, no embryos can be created through fertilization. The use of
genome editing may be theoretically possible, but it has no ethical justification at this time.”®
Therefore, it is not a socially acceptable option at this time.

The Assisted Reproductive Treatment Law states that the mother of a child born through
assisted reproductive treatment using the eggs of another person shall be the woman who gave
birth to the child (Chapter 3).”” This law also stipulates that a husband who consents to
assisted reproduction using another man's sperm cannot deny the legitimacy of a child
conceived through such medical treatment, i.e., the husband becomes the father (Chapter 3).
As mentioned earlier, pregnancy and childbirth by a surrogate mother is not permitted in
Japan. These current laws and the views of the academic community differ from our position,
which emphasizes the importance of genetic connection. If we stick to our position, it will lead
to the acceptance of surrogate mothers and beyond. However, our goal is to create a society
where people can have children with genetic ties if they wish, and we do not exclude others.
Therefore, we believe that it is possible to coexist. It will have to be clarified in the future
whether the genetic link or the actual birth mother is more powerful in recognizing the parent-
child relationship.

Next, consider the point about “anytime”. As stated in the goal of realizing a society where

children can be born and raised, pregnancy, childbirth, and child rearing are considered to be
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one and the same thing. The question is, what age does "anytime" mean, and what age does
it have to be after reaching the age of majority? If we were to draw a uniform line based on
age, wouldn't we be depriving those who are older than that of their free will to choose?
Currently, even if a person wants to have a child, if the germ cells are not available, she may
give up the pregnancy because she cannot have a child with a genetic link or because of the
high health risk to the mother and child. If germ cells can be generated from stem cells and
made available, these limitations will disappear. If we respect the free will of everyone who
wants to have a child with a genetic link, then age is not the appropriate dividing line. It may
be practical to set certain conditions in the light of common sense and custom. However, the
question remains whether free will influenced by common sense and custom is truly free will,
and whether the free will choices of those who do not wish to follow them should be respected.

Vision is the question of how society should be involved in individual child rearing.
There are two problems. First, if society is viewed as a collection of individuals, this vision,
which requires involvement in the children of others, so to speak, may deny free will choices
to those who do not agree with the vision. If so, the assumption of respect for free will choices
only apply to those who share the vision. Even if everyone agrees on the vision, it is essential

to reach a consensus on how much of the society's overall resources should be allocated.

About Research and Development

Ethical, legal, and social issues of research and development that should be addressed to

achieve MS goals

We will try to organize the issues according to the R&D items indicated in each vision. It is
assumed that the problems pointed out for the vision have been resolved for the goals.

Vision is to make innovative advances in fertility prevention and treatment methods. It
is the research and development of new assisted reproductive medicine. In the basic research
stage, the Act on Securing the Safety of Regenerative Medicine and Other Related Matters
(Act No. 85 of 1950) and the Ethical Guidelines for Life Science and Medical Research
Involving Human Subjects must be observed.” In addition to the above, the Law Concerning
the Quality, Efficacy and Safety of Drugs and Medical Devices (Law No. 145 of 1960) must
be observed during the development phase and the conduct of clinical trials. In all cases, the
plan must be implemented with the approval of the Ethical Review Committee or the Clinical
Trial Review Committee in accordance with the regulations of the respective research
institution.

The question is whether it is permissible to conduct research and development that is not
permitted by law or guideline but has the potential to bring about innovative results. Examples

of research and development related to pregnancy and childbirth include the use of germ cells
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derived from stem cells, the use of genome-edited germ cells, the generation and culture of
human embryos by cloning or nuclear transfer, the continued culture of human embryos, and
the completion of pregnancy in an environment other than the human womb. Generating
human embryos by nuclear transfer and using them for research has not been approved in the
past. However, in May 2021, a revision to the "Guidelines for the Handling of Specified
Embryos” and other guidelines was approved, allowing basic research using nuclear
replacement technology on human fertilized embryos, which was previously not allowed, for
the purpose of mitochondrial disease research.” In addition, human embryos should not be
cultured for more than 14 days after fertilization, but the International Society for Stem Cell
Research has revised its guidelines to allow culturing for more than 14 days.?° The change is
based on scientific rationality and social relevance. We expect more research to be approved
on the same basis in the future. As for scientific rationality, research will be accepted if it
meets certain standards of reproducibility and safety. On the other hand, with regard to social
validity, we cannot avoid the issue of free will choice, the question of what a parent is and
what a child is, and the question of who can and should be a parent of a child.

Vision aims to develop technologies that help people interact with each other. This is the
use of information technology to alleviate the isolation and loneliness of parents during the
child-rearing years, and the issues that have been examined in information ethics and how to
deal with them are instructive.8 Our goal is to develop technology to solve problems by
watching over the entire society, predicting risks, extracting signs, and intervening. Risk
prediction and prediction technology is necessary to identify the target of support, but it can
also be a tool for discrimination and exclusion if used incorrectly. There should be no

unethical research and development and use of artificial intelligence.?>83

Summary of ELSI

Although this section contains many negative statements about our vision, the author
wishes to improve the current child-rearing environment and would like to see a society in
which our vision is realized. However, it cannot be "I want it, so everyone else must want it,
too. As long as we take respect for free will as our starting point, our own free will and respect
for the free will of others should be equal.

There is an issue that could not be examined in this survey. This is the issue of social
acceptance of technologies that support pregnancy, childbirth, and child rearing.

Vision 1 is to eliminate the burden on parents in child rearing mainly through technology.
On the other hand, in pregnancy and childbirth, there are terms such as "natural pregnancy"
and "natural childbirth” that emphasize the naturalness of the process. In child rearing, some

believe that the burden and hardship of parents, especially mothers, is desirable. In the past,
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it was television, and today, relying on smartphones to raise children is condemned. If we can
clarify what kind of value is expressed by the term "nature” in this context, and what is behind
the exclusion of technology in favor of nature, it will be easier to accept technology. Both
visions (2) seek to free the burden of child-rearing from the problems of parents alone. In
addition to the aforementioned friction between placing value on nature and the use of science
and technology, parents of the child-rearing generation may have negative opinions about this.
In addition to the aforementioned friction between the value placed on nature and the use of
science and technology, there are also negative opinions from parents of the child-rearing
generation: "My father (mother) went through a lot of hardship, so you should go through the
same hardship.

These are just some of the things | have personally seen and heard, and I could not survey
how many people actually experience this. Therefore, it is necessary to start by understanding
the current situation to see if it is a problem in the first place.

Is having a child an extremely private matter, and is there no room for the involvement of
others or society? Since the 1990s, Japan has been taking measures to reduce the birthrate by
improving the working environment for parents and the childcare environment. What can be
said from the results of examining the vision is that 'in order to realize the vision, it is necessary
to rethink the system at the level of the constitution as well as the development of medical
technology related to pregnancy and childbirth. This is a problem that cannot be trivialized
into a problem involving only parents and children®.

Thinking about ethical, legal, and social issues in research and development is not only
about the merits and demerits of the technology being used, but also about the kind of society
we want to create. In particular, in terms of our responsibility to the next generation, we
should have in-depth discussions about what kind of society we want to create for the future
generations who will live in the next era, and how we will use science and technology to realize

that society.
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IV. Conclusion

We began our research by first imagining the "ideal society” and then analyzing the gap
between that image and contemporary society. Through interviews with experts, fieldwork,
literature research, workshops with experts, and questionnaire surveys, we analyzed the
problems and issues that are currently occurring. We used the design thinking method to
comprehensively extract the pains and needs of the field, while attempting to structure the
issues and causes using the systems thinking method.

Then, the goals to be addressed in the moonshot, i.e., the R&D items to be addressed as
solutions to the above problems, were set as described above. The R&D items are not expected
to overlap with other moonshot goals. We are also convinced that they have sufficient
academic and social significance. The scientific and technological challenges do not exceed
the laws of physics, and although they are challenging, we believe they are feasible.

Science and technology can contribute a great deal to "the realization of a society where
everyone can have children and raise them with dreams and hopes for the future”, which is
the wish of the "Team for Building a Prosperous Society”. On the other hand, it is not
something that can be achieved simply by perfecting the technology. It is also not something
that can be dramatically transformed or achieved in a single moment. We need
interdisciplinary research and development, and we need to change our social systems,
institutions, cultures, and customs. Each one of us must be aware that we are complicit in the
creation of the current society. In other words, the gap between our vision and the current
situation can surely be bridged through the efforts and collective wisdom of each and every
one of us. | hope that the setting of this proposal as a moonshot goal will inspire the various
stakeholders, each and every one of us, to share in this vision and to make sustained attempts
and efforts to realize it. | also hope that by 2050, the world will be a place worth living in,
where everyone can enjoy life with hope and pass on the future to the next generation and the

generation after that.
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