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The Nippon Foundation Paralympic Support Center and
JST ERATO Inami JIZAI Body Project Symposium
“Para-Sports Working Hand in Hand
with Leading-Edge Technology”

Date: Saturday, November 24, 13:30-16:30

Venue: Conference Hall, the Nippon Foundation Bldg.
Participants: 46

Organized by: The Nippon Foundation Paralympic Support Center
Co-organized by: JST ERATO Inami JIZAI Body Project

With Cooperation from: The Tokyo Organising Committee of the Olympic and Paralympic Games,

the University of Tokyo Sports Science Initiative and Superhuman Sports Society

The increased sophistication of information communications technology such as the Internet and mobile
telephones and the development of for example new lightweight and sturdy materials, are the work of “leading-
edge technology” developed by businesses and universities, and have improved daily life by offering convenience
to many. The field of sports is no exception. With data collection via a variety of sensors and its analysis leading
to significant reform in competition strategy and coaching, and uniforms and equipment made from new
materials and technologies improving athlete performance, the positive impact of leading-edge technology is
beginning to be recognized. In the field of para-sports, leading-edge technology also contributes to improved
performance in athlete Movement analysis and communication such as coaching, as well as equipment and
artificial limbs, and has been playing a role in promoting the Paralympic Movement.

At the same time, issues have arisen, such as the gap between athletes who are able to receive the benefits
of leading-edge technology and athletes who are not, the applications of leading-edge technology such as the
advantage from artificial limbs raised by Oscar Pistorius, and their effect on sports ethics.

Accordingly, this symposium will focus on three themes in its discussions - “Leading-Edge Technology
Development in Sports-Related Fields,” “The State of Affairs and Issues with Athletes Using Leading-Edge
Technology,” and “Sports Ethics and the Use and Spread of Leading-Edge Technology” - to draw together
recommendations concerning how further and deeper applications of leading-edge technology through para-

sports should proceed within society.
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8]/ Abstract
JLFEEH  Keynote Speech

Development of Advanced Technology and Physical Informatics
Along with Para-Sports

Dr. Masahiko Inami
Professor, Research Center for Advanced Science and Technology

The University of Tokyo

In the summer of 1984 not long after I began junior high school, the Los Angeles Olympics, noted for being
the first “commercial Olympic Games”, were held. After listening to John Williams' Olympic Fanfare in the
opening ceremony, I was transfixed by a spectacular sight: the “Rocket Man”, wearing a jet pack on his back,
flew once over the stadium and landed in the sports field. Witnessing the Rocket Man that day, I was deeply
impressed by how we could acquire superhuman abilities by strapping technology onto our bodies.

From that formative experience in my youth, I became interested in human augmentation engineering, which
aims to extend human capabilities through the use of technology. My ongoing research and development is in
the academic field called “physical informatics”, which aims to augment our sensory capabilities in actual space
and to extend human perception and action through the use of wearable technologies and robotic technologies.
Currently, as a member of the University of Tokyo Sports Science Initiative, which was established in May 2016,
I am engaged in the application of advanced science to sports training and in projects to co-create new sports.

As part of these activities I have come to think of the possibility for 2020 in Tokyo of creating a new sport
using my area of research, human augmentation engineering: a sport that can be played by people with no
interest in sports, and by men or women, young or old, and does not exclude anyone. It could even be possible
to hold a new sports festival of “human-machine integration” where athletes who are currently separated
between the Olympics and the Paralympics can participate together.

I am also aiming to co-create superhuman sports with the Superhuman Sports Society and have organized:
Superhuman Sports Hackathons in Tokyo and Iwate Prefecture; a project in partnership with the Yokohama
DeNA BayStars to develop super baseball; and a project to co-create super welfare sports as part of a project
commissioned by the Japan Sports Agency. In addition, I have been actively looking ahead to 2020 through
organizing sports competitions and through academic communication, as well as with events such as the official
superhuman sports event the Superhuman Sports Games, the academic event Superhuman Sports Academy,
and the international event Superhuman Sports Design Challenge in Delft.

A sport is not just an activity where people compete to achieve the best performance within the framework
of a predetermined set of rules. No sport, and no sporting event (including the Olympics) is a natural
phenomenon governed strictly by the laws of physics that apply on earth, but represents a new set of values
that humans have shaped in the course of their history. We also equally possess the opportunity to create new
sports that will be popular in the future.

In my presentation, I will be discussing sports as a space for assessing advanced technologies that involve

people’s bodies, as well as the process of creativity as it is refined through the co-creation of a sport.

23



Y Abstract

%1ty a3, 1% Session

Realizing Wearable Prostheses

Dr. Ken Endo
CEOQ, Xiborg Co., Ltd.

For many years prosthetic legs were treated as medical devices which served to replace the functions of a
missing limb. In recent years however, para athletes have begun to use sports prostheses, resulting in
performances that are fast approaching those of able-bodied people. Unlike traditional general-purpose
prosthetic legs which people use for their daily lives, prosthetic legs for sports can be described as specialized
for running. They have been in wide use from around 2000, and have supported impressive competitiveness.
However, its market is small, as is the range of commercially available prosthetic legs for sports, and athletes
have had only a limited number of options to choose from. That is why we at Xiborg formed a team to develop
prosthetic legs for sports designed with a focus on athletes, and we have so far developed two kinds. At the
outset of the project, we analyzed the running styles of athletes Keita Sato, Jun Haruta and Mikio Ikeda, to
calculate specifications for a prosthetic leg that would offer easier running. In addition, because just having a
prosthetic leg is not enough to enable athletes to run fast, Dai Tamesue worked with athletes as coach for
training. As a result our product, the Xiborg Genesis, became the only Japanese-made sports leg prosthesis used
at the Rio Paralympics. We have since also reached out to overseas athletes, and our Xiborg v was the result
of a team we created with U.S. champion Jarryd Wallace. We continue to analyze the running styles of athletes,

to develop sports leg prostheses is that will further unlock athletes’ performance.
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Sports without Visuality

Dr. Asa Ito

Associate Professor, Institute for Liberal Arts

Tokyo Institute of Technology

0: Resonant communication

There are many instances in para-sports where people with different levels of physical ability work together
as a unit. In this presentation, I will be considering how cooperation with sighted people occurs when visually
impaired people play sports and when they are spectators of sports from the perspective of resonant

communication.

1: From “escort running” to “resonance”

Be it short or long distances, visually impaired people run with a sighted escort. In many cases they run
together holding a rope in the form of a loop, to synchronize the movement of their arms.

What is in fact being done in escort running involves more than the description “the sighted person supports
the visually impaired person’s running.” It is a unique form of non-linguistic communication, as if the two bodies
are in resonance. There is a physical sense of a joint body, which does not exist in able-bodied sports which are

based on the individual.

2: From “commentary” to “involvement”

This sense of a joint body can also be applied to sports spectating. Sports commentary for visually impaired
people has traditionally been focused on verbal commentary. However, this method inevitably created a delay,
and contributed to the loss of a sense of unity with the other spectators who experienced the game in real time.

In order to overcome this problem, I am developing a method of spectating for visually impaired people that
uses vibrations. It is not a commentary of the game being played, but recreates the game using materials such

as cloth and cardboard, that involve visually impaired people in the action of what is taking place.

Conclusion
While physical and spatial approaches tend to be central to technological development, when it comes to
sports in practice, how to support the time design of movement in sports is also important. By focusing on

resonance, I would like to explore the possibility of a new way of connecting disability sports and technology.
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Physical Extension and Sports Ethics Interacting in Society

Dr. Koichi Kiku
Professor, Faculty of Health and Sport Sciences
University of Tsukuba

For much of the long history of sports, people identified a particular physical skill that warranted expression
and competition involving specific equipment for that skill, and devised various forms of equipment appropriate
to the physical skills that were the object of competition. Over time this historical process led to the
development of a wide variety of sports, each with its own characteristic method of performance (and sporting
technique(s)). However, as seen for example with the controversial “LZR Racer” swimsuit, recent advances in
science and technology are directing us towards a level beyond where an athlete’s skill is effectively expressed
to where an athlete’s skill can be “extended”, and where the equipment should be called a “device”. If there is a
shift from an era of para-sports, which started off with the goal of restoring a disabled person’s physical
functionality and where the relevant sports equipment is developed within the framework of that goal, to an era
where “Para-Sports” represent an elite form of sport, it is all too obvious that such a shift will fuel a desire for
physical extension among para athletes beyond perhaps even what has been seen in sports to date, and that
this in turn will drive an ever greater reliance on scientific and technological advances and physical extension
devices. For the field of para-sports, this development is likely to generate similar or even greater ethical and
social questions than those that have risen through the use of advanced science and technology in contemporary
mainstream sports.

Over the course of history, competitive sports have evolved “from a form of hand-to-hand combat in which
one individual directly attempts to achieve control over his or her opponent, first to a competition in which
players vie for an indirect superiority, and then to a form of accomplishment of competing to achieve a record”.
This evolution corresponds to a change in levels of public sensitivity, specifically the rise in the feeling of
repugnance towards the violence that helped bring about the formation of modern society, and a shift in focus
throughout society in its assessment of human ability “from physical strength to skill, and to ingenuity”. We
therefore have to understand that contemporary sports arose in part out of the relationship between the
repugnance for the violence that helped bring about the formation of contemporary society, and the
maintenance and development of the humanism that was ancillary to that repugnance. However, just as the
progress of the link between knowledge and skill based on causality (that is, advances in science and
technology) has produced devices destructive to humanity and society (such as dynamite and atomic bombs), it
gives rise to the question of how to place the new forms of violence produced by these devices under
teleological control, so that they lead to the well-being of humanity. Similarly, with respect to the role of
advances in science and technology in the development of para-sports, there is the question of what “human
critical point” or conclusion will be found in this relationship between causality and teleology.

For example, the result of a greater role played by advanced technology in para-sports means that the
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competitors who can enjoy the fruits of advanced technology and those who cannot will from the outset be
placed in an unfair sports environment depending on access to such technology. The day when many countries
that took part in para-sports events in the belief that they represented fairness have that illusion shattered by
the increasingly high-tech nature of para-sports, may be closer than people think. Furthermore, we need look no
further than the example of motor sports, where the devices used as equipment have increased the load (the
energy) being placed on the driver’s body, giving rise to a situation where physical danger is inevitably always
present. Advanced science and technology will of course be applied to ensure safety and resolve that issue. Just
as with mainstream contemporary sports, however, we need to keep in mind that the mass popularization of
para-sports through increased media coverage will fuel the demand for similarly excessive performances by
para athletes, based on the commercialism and nationalism resulting from prioritizing economic and political
power, and will dull the sense of need for humanistic demands.

Contemporary society therefore will have to carry the burden of how to face physical extension in para-
sports, and the ethical issue of whether it needs to be controlled. It is also possible however to see this as an

opportunity for para-sports to transmit the model it itself envisages for physical extension.
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Utilization of Advanced Technology
and a Growing Platform by Para-Athletes

Jarryd Wallace

Paralympian

I have always wanted to push myself beyond “unreachable” boundaries. After losing my leg due to a running
injury (compartment syndrome) in 2010, I had dreamed of becoming the fastest Paralympian in the world. As a
4x World Record Holder (100m (15), 200m (13-15), 4x100m (current)) I have won every gold medal on the world
stage, except the Paralympic Gold. As I partners with one of Japan's greatest engineers, Ken Endo of Xiborg

Inc., I hope that together we can complete my golden journey.

I also know; that my impact on society is much bigger than running races and winning medals. Therefore, in
a film to capture the heartbeat of the Paralympics and the characters around it, Ken Endo and I are joining
forces in a race to develop the world’s fastest running blade as the mobility revolution sweeps Tokyo in
anticipation of the 2020 Paralympic Games. The relationship between an engineer and an athlete is unique but
paramount in the production of these highly technological running blades. As we navigate this journey together,
our hope lies in both unparalleled performance and an opportunity to positively impact the world with the

things we've learned.

In this talk, I will explain the process of the lead user of this technology, what I am looking for in a blade
design, the concepts and conversations Ken and I have on a regular basis, as well as the training necessary to
be able to continue to use these blades at the highest level. I will also touch on the importance of the
Documentary Race to Tokyo, and how having content to support our voice will enable great opportunities for

impact and change.

We still do not know what is possibly in the world of prosthetic technology - making this an excited venture
for both of us. The unknown is what drives our work and the hopes of discovering something amazing.
Through our combined resources, I believe that we can truly create the most effective running blade for a

single below knee amputee the world has ever seen.
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¥2%var BEEE 2" Session: Panel Discussion

Panel Discussion

Moderator: Dr. Masahiko Inami
Panelists: Dr. Ken Endo, Dr. Asa Ito, Dr. Koichi Kiku and Jarryd Wallace

Inami: We now start Session 2. As I announced at the beginning, the reason for me to participate in this project
was because I wanted to learn from it. Many stories I heard today were truly an eye-opener, and some of the
topics were food for thought going forward.

Can we now ask Professor Kiku to elaborate on “ethics in sports and in para-sports” from your last
presentation?

Kiku: Sorry I was not able to finish my presentation on time. Please look at the section on “the ethics of
physical augmentation in para-sports” in the slides in the distributed materials.

If we create a schematic diagram of what I was discussing just now, we will obviously need to look from the
perspective of how we capture sports as culture, in other words, the cultural aspects of sports that we are
familiar with, noting that para-sports are also sports.

And this cultural system, in one sense, can be divided into three elements. One is “ideological culture.” This is
like the thinking behind why we engage in sports. From this ideological culture there emanates rules and also
what we call technology, in other words, the actions that are governed by the rules. The technology and rules
are integrated and form what we call the “behavioral culture.” And buttressing all of that is the “material
culture” and technology we have been discussing today. We can say that these three layers actually establish
sports as culture.

The issues of ethics obviously belong in the “ideological culture,” while the development of technology that is
at issue and that is vigorously being undertaken in sports for the able-bodied is closely related to “behavioral
culture” and “material culture.”

And I wrote there: “Integration of science and technology.” There is that element. On the other hand, no
matter how much progress is made in science, people were, until quite recently, speaking about the importance
of jumping squat and prohibiting drinking water during training to toughen people’s minds. In other words, in
contrast to science, these can be viewed as phenomena where concepts and thinking that were developed based
on experience are used to control sports with no link to science and technology. In some respects, this can be
described as disconnection with science and technology. The more we move closer to “ideological culture,” the
more there is a tendency in us to have this disconnection.

Whether this disconnection or integration of science and technology has a positive or negative effect, both can
be considered as a kind of ideology. I am not certain about its validity, but there is an ideology called
“scientism.” On the other hand, there is a diametrically opposite ideology that says, “It's no use relying on
science.”

In this context, the question of how we balance between these two forces is actually an ethical issue. And we
may be able to better do this if we can be more systematic in thinking about sports culture.

The ethical issues we have in terms of today’s sports that are unfolding before our eyes can probably be
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explained by the second schematic diagram on my eighth slide. As I mentioned earlier, economy has substantial
power. This is where commercialism has significant influence.

The other is political ideology. This is no other than populism. As sports very clearly differentiate between
winners and losers, sports can be used to signify a country’s presence or superiority. It is somewhat like a
pseudo-war where countries can demonstrate their presence outside of engaging in actual wars. As a result, a
substantial amount of money and assets, including taxpayers’ money, is invested in sports.

And the question is, how does the sports community or the para-sports community control these influences. I
want to show that as para-sports gain greater attention within the context of the dynamism of today’s sporting
world, the para-sports community may have to face such issues in the future.

Inami: Thank you very much. Listening to you, I realized once again that sports as a culture go beyond just
sports and are placed within the context of economy and society and perhaps politics and science too.

On the other hand, people may have widely different views of sports within the “ideological culture.” For
example, could you speak a little about what defines sports or para-sports?

The reason I ask this is because I am a supervisor of a number of student clubs at the University of Tokyo,
and one of them is a club for e-sports that are gaining attention recently. Some say that e-sports are not sports,
but others say that e-sports are sports. For example, some say that the game of shogi should be considered as a
brain sport. All kinds of people are using the word sport for a variety of different activities.

Obviously, I do not think we can draw a clear line, but I am sure you have your own thoughts about what
defines or constitutes sports or para-sports. Could you all speak a little on this? Mr. Endo, would you like to
start?

Endo: The concept of sports would differ from one person to the next, and frankly I do not have any proposal
on how we should define sports or para-sports. But whenever we turn to this topic, people inevitably start
talking about the unfair advantage athletes have from using prosthetic legs.

Inami: Some say robotic prosthetic legs are even more unfair.

Endo: That's right. In athletics, in particular, some say that it is prosthetics that enable athletes to jump further
and run faster. I disagree. Prosthetics are clearly different from human legs, but there is no way that an athlete
can run fast if he only had good prosthetics. Fast athletes are fast no matter which prosthetics they use. My
feeling is that prosthetics contribute about 1 or 2% of all elements constituting an athlete.

Therefore, technically speaking, my true feeling with respect to the discussion on whether prosthetics give
para-athletes an unfair edge is that prosthetics’ contribution to performance is trivial and makes little difference.

As for the definition of sports as an ethical issue, I think our culture is a determining factor. If we say, “This
is the definition of sports,” and if it sticks, then that will become the definition of sports, but if not, it will not.
My feeling is that having rules that are fair should be part of the definition of sports. I think that something
that is convincing to all, something enjoyable, something fun to take part in but also fun to watch those athletes
who are competing at levels we cannot, provide the framework of sports.

The reason there is so much controversy in para-sports is that the rules are vague. In addition, the
environment is different in each event. Some use prosthetics and then there are events like boccia. It is difficult
to generalize and that causes so much controversy.

I may be speaking too much from the standpoint of para-sports using prosthetics, which may not necessarily

be applicable to events like boccia. From my experience, I get the feeling that so far we have ended up agreeing
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that “it is difficult to come up with a unified sense of ethics covering all of para-sports.”

Inami: In terms of fairness, I think that rules used in go and shogi are fair.

Endo: Yes.

Inami: Then, can go and shogi be considered as sports?

Endo: In one sense, go and shogi are sports. There was a mention of populism just now, but if done well, go and
shogi could become established as sports. I think it is the prevailing social circumstances at a particular point in
time that determine what should be included in sports. So if done well, they can be included in sports.

Inami: Thank you. Mr. Wallace, your thoughts on this issue?

Wallace: Yes, I'll kind of go off of a little bit of what Endo-san said. When we look at what is sport, I think you
can't look at that without addressing the ethics as well.

When I hear “ethics,” my first thought is, how do we define fairness, because if we're talking about fairness
but we don't have a clear definition for it, it makes it difficult to have a strong line that we either stay on one
side or the other.

When it comes to prosthetic technology, I will agree with Ken in the sense that if you are fast, you are fast. If
someone has an amputation and they get a prosthesis and they line up next to me, unless there’s really only
two people in the world right now that can beat me, so protheses do not make someone fast. That being said, it
goes back to the issue of fairness. Under the right conditions, in the right environment, with the proper
technology, I believe that someone could perform beyond human capability.

This conversation for me only began becoming a controversy when Oscar Pistorius decided to remove
himself from competing in the Paralympics and tried to compete in the Olympics. Paralympics is a competitive
sport program and organization that is built and designed for individuals that have disabilities. The rules of
fairness are set inside of those sports based on classifications based on individuals’ disabilities, and we compete
using the same technology. Now maybe someone has a different wheelchair and a different prosthesis, but it is
all regulated through the ethics division in order to make the competition as fair and equal as possible.

I think that the conversation, if we look at in the Olympics side of things, 50 years ago in the 100 meters, they
were running on sand or dirt. Mondo surfaces and the spikes that we have today are a lot more advanced and
can be assistive. Does that mean that it is unfair? No, in my opinion, because everyone has the same surface to
run on. Now if we have a track where half of the lane are dirt and half of the lanes are Mondo and we have a
race, that’s an issue of ethics. That's where fairness should be defined and a stronger line can be drawn.

Inami: Professor Ito, please.

Ito: Essentially, equality is non-existent. In other words, every person’s physical capabilities are different, but we
artificially set a common starting point and have athletes enhance their physical capacity and compete from a
common starting point. In a sense, it is like having a fictional equality.

That is why rules are important. We need to artificially design rules to ensure fairness.

In this context, it is interesting to note that rules are essentially “impediments.” For example, football
disallows the use of hands, but such impediments, if imposed in our daily lives, would be irrational. The rules
have been laid down intentionally, and we see how athletes can compete within the framework set up by the
rules of disallowing the use of hands. This idea of artificially setting down rules in an environment where there
is essentially no equality is most prominent in para-sports. In other words, people who cannot use their hands

from disability and people competing under the rules disallowing the use of their hands converge on a single
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line.

In that respect, disability could be considered as a type of rule in sports. For instance, persons with visual
impairment can be considered as someone partaking in sports where the rule is not to use vision. An interesting
aspect of para-sports is that physical conditions and sports as it is designed converge on a same axis.

Inami: Thank you very much. With that discussion in mind, Professor Kiku, please.

Kiku: I strongly agree with what Professor Ito said just now. Actually, modern sports have restricted physical
freedom. I find it amusing to think that someone would think up a rule that says you cannot travel more than
three steps while holding the ball. If the intent is to place the ball through the basket, it would be just as
possible to say players can travel all the way to the basket and put the ball through the basket. The extreme
example of restricting physical freedom is probably in football.

In that respect, we find profound enjoyment in sports because we intentionally set up restrictions in sports to
expand our freedom. This is something we do not find in other spheres of life. And because we use rules to set
restrictions, we have some latitude in adjusting the level of freedom. These aspects probably have nurtured the
attractiveness of sports in us.

Therefore, in some respects, disability sports can be described as the starting point of sports. Some of us may
engage in sports for rehabilitation or health, but the interesting thing about sports is that we can have a
different way of experiencing sports by enjoying sports for what they are, to create obstacles and overcoming
and sharing such obstacles. This state is expressed in various ways, for example being in the zone or flow. I
think this aspect is cardinal to sports, a very important aspect of sports from a cultural perspective.

If I may venture to add, the emphasis on the human body began in relation to the issue of physical capacity.

It had its foundation in sports as they relate to the labor force or military power, in other words, in physical
education. This influence is particularly felt in Japan. How many of us here have ever enjoyed sports for what
they are outside the context of physical education at school? I think most of us here experienced sports as part
of PE. I think that purely enjoying sports with others outside the framework of PE is like stepping off the road
with friends and taking a circuitous way to have a good time. And this in essence is the joy of sports.
Inami: Thank you very much. When you spoke about sports creating restrictions, it reminded me of my
experience in kindergarten. On a sports day, I was taking part in a footrace where you had to go around half
the circumference of the track. It looked to me that everyone was taking a roundabout way, so I decided to run
in a straight line directly from the starting point to the goal (laugh). I remember getting a dressing-down for
that.

Whereas the natural thing to do from the perspective of engineering science would be to travel in a straight
line, we compete, and enjoy competing, by running around a curve. I think that may be the notion of enjoying
certain impediments or restrictions.

We have been discussing sports and fairness, and the attractiveness that sports should have in terms of their
aims, and of course, I do think that sports have such attractiveness. On the other hand, we have also discussed
ethical aspects of sports where external factors make us think about what message we convey through sports
and sports as a means, which may have been manifested in the form of physical education.

Now, I would like to ask you to share your thoughts about what we can convey through para-sports or about
how we can use para-sports as a means to changing people’s attitudes. Probably we should begin with Mr.

Wallace.
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Wallace: Yes, thank you for that question because I think that that question is the core of maybe the evolution
of the Paralympic sport. As it was mentioned earlier, Paralympic sport was started as rehabilitation, and as
rehabilitation turned into competition and equal opportunities were given, amazing things happened.

I think that Paralympic sport, when I was growing up, I was fortunate enough to live in Atlanta, Georgia, and
I was six years old during the 1996 Games, and I remember watching Michael Johnson run in the 200 and
breaking the world record wearing his gold shoes. In that moment I wanted to be an Olympian. And I spent
two hours yesterday with seven children with disabilities in Japan, and we did a running clinic and they got to
use blades, sometimes for the first time, and I imagine having a disability at six years old and watching Michael
Johnson run, and I don’t think I would have felt the same way because he would have been different than me.

I think Paralympic sport gives hope to people that have disabilities. Some people grow up and maybe they
want to be newscasters or tell the weather, but they are in a wheelchair and no one that does that is in a
wheelchair, so they can't have that dream because they don't see themselves in that person. I think this is the
power of the vision of Paralympics and Tokyo 2020, the Unity in Diversity, because Paralympic sport can be
that hope for that little boy or little girl who has a similar disability or can see themselves in that individual
And so I think it is an extremely powerful tool that is beginning to be used more effectively and efficiently in
society.

Inami: Thank you very much. Yes, I agree that people’s minds and attitudes will change by watching and
supporting athletes in the Paralympics.

Professor Ito, you said just now that the differences between individuals, rather than uniformity, are what
make things interesting. How do you think we should enjoy or watch para-sports?

Ito: As I mentioned just now, the definition of sports changes when conditions change, for instance, if a person
is visually impaired, or cannot use both legs, or need to use prosthetic legs. Even if they are competing in the
same 100-meter sprint, what they would be doing will not be the same.

For example, it would be very difficult for a totally blind person to run straight. For a sighted person, they
can automatically link their body to their environment, but establishing this link is not easy for a person with
visual impairment. And it is difficult for sighted people to understand this. We should probably stop calling it
100-meter sprint, but use some other term instead.

Inami: Like 20-step sprint?

Ito: Or maybe like “running straight without sight” or “running in twos.” Having a guide run with you will
completely change the definition. I think the name should reflect that.

Inami: I think that's very interesting. There are many instances where restricting one’s capacity actually
prompts you to think about the role of that capacity. For example, studying foreign languages has made me
aware of the importance of grammar.

In workshops, we have students cover their eyes with eye-shades and play blind football. When we tell them
to line up in the order of their height or birthdays, everyone suddenly goes into disarray.

Even more interesting was when I used the programming term called the “bubble sort” algorithm. Students
who knew the term quickly began to line themselves up. It was perhaps at that moment that they physically
understood how computer programming works.

As restrictions imposed by rules will shed light on different aspects of sports, similar actions may be at play

in para-sports. What do you think, Mr. Endo?
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Endo: As Jarryd mentioned just now, sports have the power in society to give children who watch sports the
future vision about themselves. Although this is irrespective of whether it is in para-sports or not, I feel that its
effectiveness in inspiring athletes about their future dreams is stronger in para-sports.

In terms of technology, I did say just now that prosthetics’ contribution to performance is trivial, but there is
more that para-athletes can do compared with able-bodied athletes. Para-athletes can change their prosthetic
legs, they can train in the use of those prosthetics, or create new training methods after changing their
prosthetics. If able-bodied athletes have ten things to work on, para-athletes would have 100 things to work on.

In other words, para-athletes are very interesting as samples in finding solutions to a situation of limb loss,
because they are extreme users of prosthetics. Therefore, I think that technology advancement can be
facilitated by widely applying the findings obtained in the field of sports.

Inami: And that would also contribute to your activities of expressing yourself as an engineer?

Endo: Yes.

Inami: And that your message will reach a much wider audience than having your technology presented at
some scientific meetings?

Endo: Yes, I think so.

Inami: Thank you very much. Professor Kiku, you wrote in the distributed materials about the dynamism in
para-sports and that within that dynamism, para-sports or the Paralympics have been gaining considerable
attention particularly in the last 10 years or so. It appears that how para-sports are considered or viewed in
society is changing. What do you think?

Kiku: In the past, people were saying that, if you would excuse my expression, it's a good thing for someone
less capable than us, someone who is unfortunate, to be able to do things. But as I mentioned earlier, persons
with disabilities can now perform better than able-bodied persons.

What gets highlighted under these circumstances is the realization that our range of thoughts had been very
much self-centered. In other words, it is becoming clearer that we actually don't want persons with disabilities
to be above us. What this boils down to is the question of how we define what it means to be able-bodied
persons. The new circumstances have created these consequences.

I have been talking about nationalism and commercialism, and one thing that concerns me is that when a
substantial amount of external reward is given in commensurate with performance, as in able-bodied sports, it
leads to a kind of corruption. There tends to be unethical conduct and it gives rise to a host of ethical issues.

As Professor Ito mentioned just now, when that happens, what was considered as an ethical issue among the
able-bodied persons is not so much taken up as an ethical issue, but instead provides opportunities for change.

For example, we have been talking about fairness just now, and from the perspective of my research, fairness
is something that is created. In the premodern world, there was no emphasis on fairness. There were the
aristocracy and commoners. And there was a concept of compromise where the aristocracy would tell the
commoners to do as they thought fit. Nobody insisted on having everything determined in black and white.

But then there was the rise of the bourgeoisie, or the middle class, who began to insist on equality. They said,
“Let us compete freely but everyone should be able to start from the same starting line.” Insisting on this
fairness was a way to show their authority within society, and it seems to me that this is where the concept of
fairness originated.

Modern sports arose at around this time, and today, in this postmodern era, we have been given another
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opportunity to revisit the concept of fairness. As was already discussed, if we have 100 individuals, each of them
would be different. The question is how to think comprehensively under such circumstances and guarantee
their freedom. These are abstract questions, but I think they have relevance.

Another thing, which may sound a little strange to you, is that we have a lot of talk about sporting integrity
today. Most Japanese people do not think about the origins of this concept, but a very important element of this,
in my mind, is betting on sports.

Betting requires that there is guarantee of fairness in sports, which means that there will be greater pressure
to ensure that fairness. A considerable amount of money is wagered in sports betting. This is one of the major
parts of the environment surrounding sports.

Because PE is such a large part of sports in Japan, sports betting may seem like an issue for other countries.
Conceivably similar pressure could mount in para-sports and cause problems. I think this pressure will increase
the more para-sports become competitive.

Inami: I see. It is about externalities bringing about all sorts of changes, including some that are good and some
where we need to think more in depth.

Kiku: It is not too late. We need to steer in the right direction.

Inami: What I want to ask all of you and to Professor Kiku in continuation of what you described is that it has
occurred to me in various research that there will increasingly be more technology that will provide us with
more options. And AI will make the black box even more unknowable so that not only the general public, but
also the scientists will not know what is inside the box. Even if we tried to stop this trend, our human nature
will make it irreversible.

In this context, how should we think about the relation between technology and para-sports? Would it be best
to think in terms of fairness or in terms of integrity? What do you think?

Kiku: What I am going to say may provide a hint for this discussion. In Japan, we have been talking about
lifelong sports. But in actuality, for most of us sports are accomplished during our youth, and once we are no
longer active in our school sports club, we don't engage in sports very much.

And so what are lifelong sports? People’s bodies develop over the lifespan, some call it lifespan development,
and we become steadily weaker as we age. For most of us, our vision and hearing grow weaker not all at once
but gradually, and we cannot do the things we were able to before.

And in this process, people begin to think about what they are capable of doing now, in other words, about
self-development. Their bodies change in ways they never experienced before, and instead of comparing it with
their past experience or in light of external standards, they will need to genuinely accept the changes in their
bodies. In an analogy to what Professor Inami said just now, they will need to realize what they had not realized
before and consider what they can do based on that realization. And in that instance, technology will help us
bring about this self-development. This may be a good way to look at it.

Therefore, in some respects, I think that disability sports, including para-sports, are showing that as a model
and truly providing us with what we need to learn.

Inami: Thank you. There are problems, but clearly technology can contribute in many different ways. As an
example, I recently had an opportunity to use a virtual-reality system called, “Kendama Dekital VR,” which was
developed as a personal endeavor for training in the kendama, a Japanese ball toy.

I could play kendama when I was little, but had lost the skill to play. When you put on the VR goggles and
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hold a device in your hand, the time in the system slows down. In other words, everything is in slow motion,
and you can play kendama in that environment. The most important thing about playing the toy is that you
need to bend your knees at about the same speed as the falling ball, and you can practice this move in slow
motion. And gradually you can speed up. After practice, you can remove the goggles, and when you try with
the real kendama, you can actually catch the ball.

This begs the question of whether the real world is actually the best environment for learning. As with
reinforcement learning in Al you cannot learn when you are making too many errors. When there is a
combination of successes and errors, you begin to learn the right steps. It may be that technology can
contribute when we are faced with a task that is at the right difficulty level.

We also have new teaching methods that make the learner less prone to errors, be it learning to ride a
bicycle or forward upward circling on the horizontal bar, and I think technology may also contribute in these
areas.

Mr. Wallace, you have been working with Mr. Endo on the use of the latest prosthetic legs. What kind of
relationship would you like to build with technology in the future?

Wallace: So from a technological standpoint, one of the main focuses of Ken's and my work together is trying to
make myself as symmetrical as possible when I'm running because I have one good leg that is, in a sense, my
limiting factor and a prosthesis that I'm trying to balance while I'm running. It poses a great challenge.

In sprinting there are multiple phases of a race that indicate how much force I'm putting into the blade,
which is going to dictate how much force I'm going to get out of the blade, so the variables change throughout
the 48 steps that I take in 100 meters, so it definitely plays a unique role.

A lot of the conversation that we have is privileged conversation, and we have talked about ethics and the
fact that having access to this elite technology in a sense puts us in a higher class. One of the things that I like
so much about Ken and where both of our goals and desires are - I'll steal his words - but he looks at this from
a Formula 1 standpoint, and if you look at what we do with the design and development of blade, it's very
similar to the technology that’'s being pushed by Formula 1 drivers.

Now, we all don’t have access to drive a Formula 1 vehicle, but all of us in one capacity or another during the
day get to benefit from the technology that was learned during the development and design of those vehicles,
be it in a vehicle that we drive in every day or a taxi that we ride in or a train that we ride in. So we're able to
learn things through resources and through pushing the parameters of technology that then allow society to
benefit from.

When I look at prosthetic technology, and specifically with the blades, our biggest focus is finding a way to
make them more cost effective. So in the process of us trying to design and develop the fastest blade in the
world, it's allowing us to have conversations in understanding how maybe we can make them more cost
effective. If we can take the current blade as is and we can cut the costs by 90 percent, that would make most
of society have an equitable opportunity to use the blade.

So I think it’s very important to respect the position that technology puts and the opportunities that we do
learn from them. This took me a little while to understand, and it didn’t fully click until Ken used the Formula 1
example, but technology exists in society in so many ways, and we know when technology has succeeded
because we don't realize it's there. It becomes seamless. It becomes a part of life. And so I think that that's our

goal with the blade, specifically, is to make it, while I'm running, feel like it’s not even there. At that point, we
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will know, okay, this has been effective.

Inami: Thank you very much. I have bad eyes, but there is no category for shortsightedness in para-sports
probably because shortsightedness is not considered totally different. If I was wearing contact lenses, it would
be even more so. I think that the implication of what Mr. Wallace said is that technology should actually help us
reach such a state.

Mr. Wallace used the example of Formula 1. Mr. Endo, your role is truly like that of the mechanic in Formula
1. T would imagine that that role would not simply be about how much output to increase to reach your
technological objectives, but rather you would need to consider the cost effectiveness and various other
limitations even if winning is the ultimate objective. In that context, how do you prioritize your goals?

Endo: There are several factors, but to put it simply, sprinting is about obtaining reaction force from the ground
and moving the body’s center of gravity forward in the most efficient manner possible.

Inami: There was also a mention of balance.

Endo: Yes. So there are basically two things we must do. One is to increase the ground reaction force and the
other is to efficiently transform the ground reaction force into impulse. It is about making sure that no energy
is being lost.

There are many running styles, but frankly I don’t think there is one best way of running. Therefore, we rely
on the athletes’ instincts as well as on what we think is best in terms of engineering.

For example, a long time ago in Japan, we used to do static stretching during PE in Japan, as most of us now
in middle age would remember, where you sit and stretch your leg like this for 20 seconds or more.

Inami: We still do that now (laugh).

Endo: Static stretching is good for preventing injuries, but some types of static stretching actually reduce
performance in short-distance running. That's why we now have dynamic stretching you see football players
perform in groups. In other words, there are people who prefer not to have their trained, tightened muscles
loosened, and the validity of this claim has been scientifically proven. And again, it was athletes who were the
first to realize this.

I sense that athletes are a step or two ahead of science. I think a large number of athletes are making similar
explorations based on their instincts, and those exceptional few who make these discoveries are the ones who
use their discoveries to win in competitions. Obviously my judgment is based on science, but I find that athletes
are right more often than you might expect. And athletes who can communicate their discoveries are very few.
Dai Tamesue is a good example. I am sure you have heard him speak and found it very easy to follow what he
is saying. There are few athletes who speak about these discoveries.

As an athlete Jarryd is not that well-built. He is not tall and may look quite bulky, but he is not so muscular.
But if you look at the data, his running form is very beautiful.

The other day, I was watching a German athlete who was more muscular and had a lot of power, but he was
running at around the same time as Jarryd. The difference is that whereas the German athlete was physically
well-built, Jarryd was more adept in the use of the prosthetics and running more efficiently. We think that the
clue lies in, for example, the symmetrical running that Jarryd is pursuing, and we communicate with each other
in developing the prosthetics.

Inami: Thank you very much. Professor Ito, you are an expert in such communication. Could you point to us

some advice or clue as to how an engineer like me, for instance, or other non-disabled persons can establish
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communication with people with disabilities?

Ito: I think the relationship between Mr. Endo and Mr. Wallace is really wonderful. Mr. Endo does not think
technology is 100%, and Mr. Wallace, as an athlete, thinks that technology is necessary. And they bring their
knowledge together to jointly develop the technology.

I have some thoughts on this topic, and one of them, is a question about human enhancement or
augmentation. For example, are there people who actually feel that their prosthetic arm or leg is part of their
own bodies? I would think that they might feel that they are manipulating or adroitly operating the prosthetics
as a tool, but not necessarily feel that the prosthetics are part of their own bodies.

Our body is convenient in that we can control it automatically without really thinking about it. But if you are
disabled, you would have to “manually” operate the prosthetics, and think how to transfer your weight to
maintain balance or how to land on your feet. I am wondering how this is discussed in relation to human
enhancement or augmentation. I mean things like where are the boundaries of your body and how the
technology will help.

Why I say this is because when I talk to people with disabilities, quite often you hear them say candidly, “I

don't want a tool because it will make my life harder.” In particular, people with visual impairment basically
want to keep their hands free to touch things because they cannot see, and even if a new tool is developed, they
would not want to carry it with them. It may sound trivial, but the question of how much technology will
actually help is a significantly important question. I am keenly interested in knowing how this question is being
addressed.
Inami: As for the question of at what point a tool will become part of our own body, we probably have no ready
answer at this point because finding answers to this question is one of the aims of this project. But we might be
able to say that the biggest difference between our body and a tool is how great the sense of loss is when we
lose it. There could be an analogy with the rules in sports we discussed just now. It may sound paradoxical but
if we have a tool for which we have a deep sense of loss when we lose it, then we might be able to say that the
tool had become part of our own body.

And to ensure that a tool will become part of our own body, we will need to reach a state, as you mentioned
just now, where we can operate the tool without really thinking about it, where the tool is to a degree
autonomic. In other words, if we can have something like the reflex arc where we would react immediately and
pull our hand away after touching a hot object, we could probably say that the tool has become part of our own
body. The somatosensation and the body schema may also have changed in the brain. The only way may be to
objectively examine these changes.

On the other hand, as you mentioned, if we go about with a simplified approach of adding new technology
simply because it does not exist at the moment, then we will have failed, as we have already witnessed many
times in the past, where the engineer would say, “We made this for you,” but the user would say, “But we don’t
need it.”

Instead of simply complementing something, we will need to think and discuss together how within the
existing conditions, we can make it more convenient or more enjoyable for the user or enrich the experience of
the user. Today’s symposium may be just such an opportunity for such a discussion.

Perhaps we have taken up too much time in the earlier session, but we would now like to accept questions

from the floor. Are there any questions or comments?
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Floor A: I have a question for Professor Ito. The other day, I had an opportunity to speak to a goalball coach.
Goalball is a sport for people with visual impairment. I asked the coach whether it was easier to coach a player
with congenital total blindness or a player who lost sight as a result of an accident or illness later in life, to put
it simply, which type of player was more likely to improve through coaching.

The image I had was that someone with visual impairment from birth would improve more quickly because
they would have keener hearing and other faculties. But the coach told me that players with acquired visual
impairment were overwhelmingly easier to teach and likely to make improvements.

The reasons were that it is sighted persons who use words, you used the expression “language” just now, to

teach and that goalball is essentially a sport where the rules were set or designed by sighted persons. Maybe
he didn’t use the expression “design,” but those rules were being applied to persons with visual impairment. He
said it was an obvious consequence. What do you think? Do you think the opposite could also be true?
Ito: Thank you very much. I heard from another person that the two groups of players excel in different events.
There is a difference between congenitally blind players and acquired blind players in the way they
conceptualize a situation in a game. In other words, a congenitally blind player would not conceptualize a
situation spatially. They do not transform information in terms of space. And I have heard that due to this
characteristic, the two groups of players differ in sports they are good at.

As you say, the games are designed by able-bodied persons and language itself is also basically made by able-
bodied persons. I have many experiences in my research where I cannot make myself clear when talking to a
congenitally blind person. Words like “form an image” are difficult to convey.

The way an able-bodied person sees is that they capture information by looking at the overall picture first
and then moving into the details. For a congenitally blind person, they do not follow this order of going from
the general to details. The difference in how we organize information and in the language sometimes causes
problems. It may be interesting to see how through such studies, we can create a common language.

Floor A: As Professor Inami is co-hosting today’s symposium, I would like to ask you about the image or
aspirations you might have in relation to the superhuman, or superhuman sports in para-sports, within the
context of the discussion we had about fairness and restrictions in sports.

Inami: First of all, we use the term “superhuman” for a very clear reason that we want to avoid aiming for an
ordinary human. The concept of the ordinary human, or standardized human, may have been created during
the industrial revolution. It may be a similar concept as standardization. The standardized human should not be
our goal. Rather, it is like, for example, an image of the science-fiction movie X-Men where characters use their
different powers to fight in a team.

The “superhuman” in superhuman sports is not about increasing capabilities in all of the faculties. As we
discussed earlier, restrictions may bring about improvements and technology could be used. We are hoping to
create something where people would take interest in participating.

We do not necessarily set goals or aim for the ordinary, and people can be completely different. Our challenge
is to create something new under those circumstances and promote inclusiveness as a result.

Floor A: But even then, you would need some kind of goals, rules, or aspirations to encourage and have many
people participate, would you not?
Inami: First, ideally it should give someone who does not regularly take part in sports an opportunity to enjoy

and even compete or play against top athletes. To me, top athletes, including para-athletes, are superhumans. So
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the first goal will be to induce change in how people perceive their bodies and their capabilities. Are there any
other questions or comments?

Floor B: When we think about superhuman sports and e-sports, I have a problem conceptualizing e-sports in
the context of the Olympic and Paralympic Games. Although it is decided that there will be no e-sports in the
2020 Games, it will be an official event at the Asian Games. Professor Inami, what are your views on this topic?
Inami: I think e-sports, in some respects, are also sports with restrictions, sports that are not physically
restricted as in the real world but sports where players compete using the physicality of the information world.

Are e-sports an extension of sports as we know them today? Not necessarily. Although there is no
categorization in e-sports at the moment, there is considerable physicality in a dancing game, for instance, while
there is not much physicality in other games. It is difficult to draw a line.

On the other hand, activities within the information world, like the kendama VR I mentioned earlier, although
a little different from the games we have today, have potential. For example, there is an MMORPG, multiplayer
role-playing game called Ultima Online that I used to play a long time ago. In that game, players use chat to
communicate. I have heard that many successful players in that game actually had a hearing or speaking
disability.

In other words, the concept of hearing disability arises because we are in the physical world and we
communicate through vibrations in the atmosphere. But if everyone used chat, that concept will be gone. In
that respect, we can say that e-sports are different and that they could open new ways of designing
inclusiveness. I think there are two sides to it. If we can integrate these aspects, we could have something of
value that many people would be willing to support. Have I answered your question?

I have been amiss in spending too much time on discussion with speakers on the stage, which left little time
for questions. At any rate, we had a long day today, and at least for me, I learned much about para-sports, how
we can approach technology, and how it relates to our society. I think we were able to have a meaningful
discussion.

And as one of the organizers, I hope that your views on para-sports or the human body have changed
through this symposium.

I would now like to close the symposium by applauding to express our appreciation to the presenters for
participating despite today being on a weekend, to all of you in the audience, and to the staff who supported the

running of the symposium. Thank you very much. (Applause).
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