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Results and Future Remarks Regarding
the Global COE Program

On the Quality and Developments Required by Doctoral Human Resources
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In March of this year, the Global COE Program for
Mechanical Systems Innovation (GMSI) will end. Looking
back at how the program has been implemented so far,
we asked the opinions on the results and for remarks
regarding the future of the Global COE (GCOE) program
at the University of Tokyo from the program’s members,
including Managing Director Matsumoto, Executive
Vice President of the Central Administration, who
leads the GCOE projects for the entire university; Prof.
Harata, Dean of the Graduate School of Engineering,
who supervises GCOE engineering projects; and Prof.
Mitsuishi, the GMSI Program Leader.

AE3IH, /A—NLCOETAT I L [BRRT L1/
N—2a vERRSR] (GMS) BT ZBX 5. RRARZILE
1732 0—/N)LCOE 7023 L (GCOE) DEEBZIRYIEY .
ZOHRESBRDREICOVT, 220D GCOE X\ 2 RED
MAESE - BIZR, TZFROGCOE% L) 2L HZRATER
FERR. GMSI ORRRZHH 2ABBRICEEZE L,

LY, BXFBREOREIZHEHFIDELROD Why is PhD student education necessary?

BEEHE—RE. RRKRFETIE. £ 140 ® GCOEHNFD S Yokono — Currently there are 21 GCOE programs at the University of
B, 2THEHPEREN, ERSTSE TR EA% Tokyo out of 140 programs nationwide, each with a unique strategy.
LTEE Lo GMSI BRSEETRT L. EFETRTL The GMSI will end this fiscal year, which along with the programs
TR EHDLET, RRRZDIFEAED GCOE 1T that ended last fiscal year, will leave most of the University of
&) 9, AHIL GCOE iRk YWIRY . Z DER & RE. Tokyo’s GCOE programs concluded. Today, looking back on the
SHBOEBRIZOLWTEEW L ITNEERWET, programs, we will hear about the results, challenges and remarks

£F9IE BRARZICEITZ70—NILCOE 7T T A concerning the future of GCOE programs.

DMEEWMY A OVT MEEENSBFEL S First, we would like to hear about the outlines and strategies
7A— GCOE I XERIFZEDETETHE > 7oA T D, of the Global COE programs at the University of Tokyo from Prof.
ZOEEELTEBIFONTW DN BLREEOREOKE Matsumoto.
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Matsumoto — The GCOE is an attempt that was initiated by the
Ministry of Education, Culture, Sports, Science and Technology
(MEXT) that aimed to train students in doctoral programs. Unlike
the previously implemented 21st Century COE that only focused
on education, the GCOE also places emphasis on research that is
uniquely centered on the development of doctoral students.

It was targeted to doctoral students because in looking at global
standards, we found that many successful people who actively
engage in a variety of fields possess a doctoral degree. Traditionally,
Japanese PhD graduates primarily stay within the academic arena
and perform research in their areas of expertise. However, if we
look at other places around the world, many people with PhDs
have gained broad success by working within society. To be a PhD
holder means that in addition to possessing deep knowledge in
a focused area, one has the ability to extend this knowledge and
experience into various fields. Because of this, the development of
doctoral students becomes a crucial challenge in order for Japan to
continually expand globally focused activities.

Taking on this challenge, at the University of Tokyo we develop
and educate students so that they will possess the skill and a
mindset not only for research, but also the ability to horizontally
extend themselves into other areas. With a desire to produce the
best human resources that can contribute to Japan and to humanity,
we have implemented a variety of programs in the GCOE. The
role of the university’s central administration is to set up internal
GCOE offices, visualize GCOE activities inside the University of
Tokyo and to create an environment conducive for project leaders
to implement their programs and be instrumental in horizontal
cooperation and coordination.

Yokono — Next, we would like to hear from Prof. Harata about
the implementation of GCOE programs in the Graduate School of
Engineering.

Harata — In the Graduate School of Engineering, we implement the
slogan “a PhD is a passport to the world” in our education system,
with one of the main purposes to produce qualified doctoral human
resources. Due to Japan’s low birth rate, the number of people aged
18 is predicted to be half the current number by the year 2060. In
my opinion, in order to maintain the number of PhD graduates
from the University of Tokyo, and even to reach the target of
doubling the current number to 700 per year, the GCOE project will
play a very important role.

For the University of Tokyo specifically, because the seven GCOE
projects cover the entire range of engineering fields, all students in
the Graduate School of Engineering have the opportunity to join,
a privilege that is not available at other universities. In addition,
we offer interdisciplinary education by setting up programs that
combine a variety of fields. The reason for this is because we are
currently in fierce competition with the rest of the world regarding
the implementation of interdisciplinary cutting edge research. It is
important to assimilate and nurture that mindset in the students’
way of thinking. In addition, because the number of foreign
students in the Graduate School of Engineering at the University of
Tokyo comprises more than half of the entire student population,
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the school represents an excellent environment in which to absorb
the culture of each country and region. | think that we have
prepared educational programs that utilize such advantages.
Yokono — Continuing, we would like to hear from Prof. Mitsuishi
about the implementation of the GCOE program for Mechanical
Systems Innovation (GMSI).

Mitsuishi — In the GMSI, we focus not only on education but on
research as well. By clarifying and controlling phenomena in the
intermediate scale between micrometer and nanometer orders, we
aim to build innovative machines and contribute to the formation
of a sustainable, healthy, welfare, safe and secure society with
minimum negative impact on the environment. Specifically, we aim
to construct novel medical and welfare apparatuses and energy
conversion devices such as automobiles, aircraft and information-
related equipment by implementing interdisciplinary projects
that involve experts in not only mechanical engineering, but also
chemistry and material science, with contributions from professors
in a total of 7 departments.

In addition, in relation to education, we focus on developing not
only the basic science or specific technical skills of the students, but
also their literacy, competency, leadership, sense of responsibility
and performance ability in relation to ethics and information. This is
not a traditional education method, but can rather be categorized
as a new perspective. Understandably, it is essential that a PhD
holder possess sound knowledge in his/her area of expertise, but
going forward | think that it is also important to possess expertise
and literacy,competency based on the needs of society.

What are the functions of PhD holders that society requires?

Yokono — Having heard from Prof. Mitsuishi, we would now like to
hear more about what the qualities of doctoral human resources
are that society will require in the future.

Matsumoto — Currently, discussions on how to develop human
resources for the sake of innovation are being carried out actively
in the Round Table Congress on Human Resource Training through
Industry-Academia Cooperation.

In the future, we must move on from the post-war role model of
“Catch-up and overtake” to building a role model with ourselves
as the front-runners. For this, PhD holders have to be the leaders
because innovation (creating new things, finding and passing on
new methods) in their areas of expertise is their day-to-day work.
Through the activities of people with such abilities, we can continue
to thrive with innovation. In other words, the challenge is to turn
“invention” to “innovation” by horizontal expansion. If we cannot
take this on, Japan will remain behind the rest of the world as we
move into the future.

Although the GCOE project will finish by the end of this fiscal
year, MEXT is preparing the next project, “Leading Graduate School
Doctoral Program” to start on the development of leaders who
can play an active role globally and have the ability to take various
leading positions across industry, government and academia. The
University of Tokyo will carry over the results and challenges of the
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GCOE projects to the Leading Graduate School, aiming to nurture
human resources that can solve the challenges that society faces
today in a smart and reasonable way.

Yokono — How about the Graduate School of Engineering?

Harata — It is well known that following the Great East Japan
Earthquake, the excellence of engineering was called into question.
That basically means that it is difficult to solve real-world problems
using traditional knowledge systems. For example, my area of
expertise is traffic. In order to comprehensively solve traffic
problems, we need thorough knowledge in broad fields such as
land utilization, social systems, psychology and social sciences.

| therefore expect doctoral students to be able to identify
problems by themselves, prioritize tasks, deal with problems by
scheduling and produce solutions with a high degree of originality.
By assimilating such qualities, | am certain that they can expand
into solving real-world problems in society. | think that the GCOE
educational programs contribute to the development of such basic
abilities.

In the future, with the spirit of “Engineering builds the future”,
we would like to nurture resilient human resources that can
enthusiastically challenge the myriad of social problems that exist
such as a super-aging society, environmental problems, and others.
Mitsuishi — Even in the Council on Competitiveness-Nippon
(COCN), which was launched by the Japan Federation of Economic
Organizations and the Congress of the Deans of the School of
Engineering from 8 universities including the University of Tokyo,
advanced human resource development has been identified as a
pressing issue in Japan, with the development of doctoral human
resources emerging as a key factor. This means that from now
on, we need to implement a strategic doctoral human resource
development program, not only at the University of Tokyo, but also
in cooperation with other universities.

In addition, because of the recent economic downturn, fund
allocation for human resource development at companies has
dropped significantly. Because of this, it is necessary for universities
to develop their own human resource development programs that
befit real world situations. Furthermore, in helping companies to
realize new developments in the future, interdisciplinary programs
are essential. With that in mind, | believe that problem solving by
industry-academia cooperation will increase significantly in the
future, and it is crucial that we develop human resources with
diverse abilities who can work under these circumstances.

Results of GMSI implementation

Yokono — To respond to the aforementioned needs of society, we
would like to know what kind of programs GMSI has implemented.
Mitsuishi — One program in particular that is very special is Project
Based Learning (PBL). In this program, students from various
departments gather and work on certain topics outside their fields
of study and come up with business solutions. Although PBL carries
with it a certain number of duties that may interfere with one’s
research activities, many students who took part in it mentioned

O
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that it is a very meaningful and useful program. We even received
highly positive feedback from the industries that provided the
problems to be solved. Prior to this, there had been no meaningful
communication in doctoral education beyond the departments that
provided it. With PBL, we were able to create parallel connections
among students from different fields, and this is an excellent
point concerning this program. In addition, the recent graduation
system development regarding PhD dissertations that consists of
adding a secondary adviser from outside the department was the
result of efforts brought about by the GCOE. Through innovations
such as this, we hope to tear down the “walls” that constrain each
department.

In addition to this program, significant results in developing
communication abilities and leadership have been achieved at
Summer Camps. Participants in this program are comprised of 1/3
Japanese students, 1/3 internal foreign students and 1/3 foreign
students invited from abroad. The students gather together and
engage in discussions at a summer camp. Although at first it was
difficult for Japanese students due to the language barrier, we
have been observing a gradual improvement in their leadership
skills. Yesterday, at a seminar in India, | observed a student who
participated in a Summer Camp speak very actively, which gave me
a feeling of satisfaction about the program’s results.

In the current era, half of the graduates of doctoral programs in
the Graduate School of Engineering work in industry. Moreover,
one company’s follow-up study has shown that PhD graduates
are promoted more rapidly than those with a Master’s degree, so
obtaining a PhD degree should not be considered disadvantageous
to one’s employment potential. On the contrary, having a PhD is
often advantageous in the long run, for example it is possible to
retain a job after retirement.

Yokono — In the GCOE, the Research Assistant (RA) system also
supports doctoral students financially, right?

Harata — After the GCOE, a new project from MEXT called “Subsidy
Support for the Formation of Excellent Graduate School Centers”
will cover the budget required for RA expenses. For doctoral
students in the Graduate School of Engineering, a support system
has been proposed in which, after meeting certain requirements,
each student will receive 50,000 yen per month as a safety net, with
outstanding students receiving as much as 120,000 yen per month.
With this system, it is our hope that the doctoral students in the
Graduate School of Engineering at the University of Tokyo can be
in a conducive and well-equipped environment that allows them
to concentrate on research without worrying about their individual
economic situations. Nevertheless, with the current instability of the
national economy, we need to construct a new system that does not
rely on government subsidies to maintain such a support system in
the future.

For example, in the USA, RA expenses are covered by each
individual professor’s research funding. In so doing, they are able
to provide generous reimbursements to young researchers that
work in cutting edge research fields. Don’t you think that such an
environment is a healthy one? However, in order to do this, | think
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that we need a system to evaluate the activities that deserve such
support and provide a rational amount of support accordingly.

As mentioned by Prof. Mitsuishi, a general perception exists that
having a PhD is disadvantageous for one’s employment outlook.
However, the results of a follow-up study have shown that all
PhD graduates from the Graduate School of Engineering at the
University of Tokyo have steady jobs and play active roles globally
in various areas of expertise 5 years after their graduation. With
that as a strong point of focus, we hope to increase the number of
students enrolled in doctoral programs.

Matsumoto — With that in mind, for teaching staff to be able to
pass on the “dream” to the students, it is important to support staff
development. To do so, it is crucial to create an environment that
allows researchers to fully concentrate on their research. Yesterday,
Nobel Laureate Prof. Shinya Yamanaka mentioned that “Japanese
universities contain researchers and administrative staff only. In the
USA, however, a human resources and support system for research
exists as well.” In the future, | believe that having a research support
system will be essential.

From this, the development of a University Research Administrator
(URA), a system for planning and managing research activities
and also to promote the utilization of research results in research-
oriented universities, is currently underway in MEXT. When this is
implemented, | think that the number of students who will want to
enroll in doctoral programs will increase even more. | would even
expect that there will be students who want to be active within the
support side.

Yokono — How about any specific programs for the future?

Mitsuishi — The GCOE was an experimental period in which we could
try out various educational programs, and | think that the programs
that gave concrete positive results such as PBL and Summer Camp
should continue. Furthermore, “Mechanical Systems Innovation™ as
an interdisciplinary program will also continue.

However, to continue such programs, much money is required,
so it is important to work out a variety of plans. Based on these
circumstances, we plan to request the necessary support from
industry, since from these programs we are able to produce various
business solutions that can contribute to society.

Matsumoto — | think that the funding matter is important. Because
there is a limit to our dependence on government subsidies and
other unstable funding sources, | believe that we need to consider
carefully what the University of Tokyo needs to do. Currently, the
amount of subsidies for university operating expenses provided by
the government has been declining every year, and there are more
competitive research funds available. In this situation, | think that in
the future we will be forced to finance operations and indirect costs
from competitive funds that we are able to acquire. In the future,
how to construct a university as a sustainable structure will still be a
major challenge.

Yokono — | myself also wish to focus on continuing to develop
educational programs at the University of Tokyo in the future.
Thank you very much for today.

)
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Multi-scale simulations of energy conversion devices
from first-principles

Fuel cells, chemical-to-electricity conversion systems, have been
attracting much attention as an important technology for power
generation from the viewpoint of efficiency and environmental
consciousness. In particular, solid oxide fuel cells (SOFCs), which work
at high temperature, do not require precious metals such as platinum in
principle, and quite high efficiency in the energy conversion is expected.
Thus SOFC systems have been extensively studied in both experimental
and theoretical frameworks. As for the SOFC based on oxygen ionic
conductor, the system is composed of the oxide, fuel- and air-electrodes,
and the oxide is sandwiched between the two electrodes. Hydrogen
fuels captured by the fuel electrode react with oxygen ions coming from
the air electrode via the oxide, and as a consequence water molecules
are generated together with electricity. Although a quite high energy
conversion rate is expected in SOFC, high efficiency and stable operation
of SOFCs for longer periods has not been achieved yet because of the
difficulties in the control of interface structures, chemical reactions, and
ionic migrations.

To overcome these problems, clear understandings of chemical/physical
properties of the interfaces, and device modeling based on the findings
are urgently required. Thus we have been developing a framework of
multi-scale simulation codes which incorporate atomistic simulations such
as kinetic Monte Carlo method based on first principles calculations and
numerical fluid dynamics. The multi-scale simulation can handle realistic
three-dimensional structures of SOFC anodes composed of oxide, metal,
and gas, which are observed with the focused ion beam (FIB) scanning
electron microscope (SEM). The FIB-SEM measurements and fluid
dynamics simulations were carried out by Prof. Shikazono in the Institute
of Industrial Science, the University of Tokyo, and the atomistic simulations
were collaborated with Prof. Watanabe in the Dept. of Materials
Engineering, the University of Tokyo (See Fig. 1).

Important physical quantities for SOFC optimization from the simulation
are the current and power densities depending on the realistic three
dimensional structures of SOFC anodes, which are the macroscopic
quantities in both size and time domains (See the right figure in Fig.
2). The direct mapping from the elemental reaction paths in atomistic

FIB-SEM, Lattice Boltzmann : Prof. Shikazono
_Parallel KMC, DFT : Dr. Tada and Prof. Watanabe | - paraiiel (meso-sca

Lattice Boltzmann

;‘Eﬂ’

FIB-SEM

!
3D electrode structure, #
TPB |ength (syb-micro o mlm;
mﬂarsale}
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To design the SOFC anode, the exchange current
densities is highly recommended to be calculated
from the atomistic scale by making use of the
multi-scale concept.

Local exchange current

Fig. 1: Research collaboration for newly developed multiscale simulation
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Nanoscale and multiscale simulations on ion migration and
chemical reaction in SOFC, Tomofumi Tada and Satoshi
Watanabe, 244th American Chemical Society National
Meeting & Exhibition, Philadelphia, PA, USA, 19-23rd
Aug., 2012.

BREHHEE2

First Principles Calculations of the Chemical Reactions at
the Triple Phase Boundary in Solid Oxide Fuel Cells,
Tomofumi Tada, Nano Science and Technologies 2012,
Qingdao, China, 16-28th Oct., 2012.

BEHEES3

Kinetic Monte Carlo study on oxygen migrations and
chemical reactions in Ni/YSZ SOFC anode, Tomofumi
Tada, JSPS Asian Core Program: SNU-UT Workshop
on Oxide Systems for Energy & Electric Applications,
Seoul, Korea, 8-9th Jan., 2013.
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Kinetic Monte Carlo study based on first principles
calculations for Ni/YSZ Solid Oxide Fuel Cells anodes,
Tomofumi Tada and Satoshi Watanabe, Int. J.
Quantum Chem. (2013 ELEDEIRIFE ).

simulations onto macroscopic quantities is in general extensively difficult,
and thus a course graining approach is usually adopted for this purpose.
However, the chemical/physical information in the atomistic scale is quite
useful in the designing of anode structures, and therefore a multi-scale
simulation technique which preserves the atomistic information is highly
required.

In this work, we have been developing a parallelized kinetic Monte
Carlo method with a domain decomposition approach in which atomistic
information is preserved. An example of the domain decomposition is
shown in the left figure in Fig. 2: each CPU handles each cubic cell divided
by the green lines in the figure. The parallelized KMC can incorporate
surface reactions easily as well as oxygen migrations in YSZ bulk, and
an open boundary condition is newly supported in order to divide the
macroscopic huge system of SOFC anode into small models, which is quite
useful for the large scale simulations using a small number of CPUs. That is,
an open boundary condition is adopted to connect small cells to re-build
the huge SOFC anode.

Figure 2 shows the calculated exchange current density in the z-direction
for the Ni/YSZ system depicted in the same figure. The periodic boundary
condition was adopted for this model system. The numerical result is
higher by a few orders than those of experimental data, because of the
small size of the simulation cell. In future work, a much larger model will
be used in the parallelized KMC simulation, and thus the relationship
between the current densities and realistic three dimensional structure of
SOFC anode will be revealed.

[Supplementary information]

Invited talk #1: Nanoscale and multiscale simulations on ion migration
and chemical reaction in SOFC, Tomofumi Tada and Satoshi Watanabe,
244th American Chemical Society National Meeting & Exhibition,
Philadelphia, PA, USA, 19-23rd Aug., 2012.

Invited talk #2: First Principles Calculations of the Chemical Reactions
at the Triple Phase Boundary in Solid Oxide Fuel Cells, Tomofumi Tada,
Nano Science and Technologies 2012, Qingdao, China, 16-28th Oct.,
2012.

Invited talk #3: Kinetic Monte Carlo study on oxygen migrations and
chemical reactions in Ni/YSZ SOFC anode, Tomofumi Tada, JSPS Asian
Core Program: SNU-UT Workshop on Oxide Systems for Energy & Electric
Applications, Seoul, Korea, 8-9th Jan., 2013.

Invited (review) paper: Kinetic Monte Carlo study based on first
principles calculations for Ni/YSZ Solid Oxide Fuel Cells anodes,
Tomofumi Tada and Satoshi Watanabe, Int. J. Quantum Chem., in
preparation.
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Fig. 2: Calculated local exchange current density of Ni/YSZ SOFC anode with the parallel KMC
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Toward new applications of High-intensity
focused ultrasound (HIFU)

High-intensity focused ultrasound (HIFU) therapy employs a concave
self-focusing piezoelectric transducer or an array of transducers to create
an energy focus, and the tissues at the focal point are heated to reach
coagulation necrosis or damaged by induced cavitation. HIFU is widely
used in cancer therapies, and its noninvasiveness is hoped to expand its
applications to other clinical domains. In the treatment of liver, breast
and uterus, HIFU is percutaneously delivered, and the problem is that
the ultrasound beam is deflected or attenuated during propagation.
In contrast, the intracorporeal use of HIFU device, for example in the
treatment of prostate cancer, provides an obstacle-free path, but the focal
length is limited due to the size constraints of the transducer.

In this work, we propose to use an intracorporeal device equipped with
an acoustic mirror or lens so that the ultrasound energy delivered through
the abdominal wall is reflected or focused in the body cavity. The proposed
concept is shown in Fig. 1. In Fig.1 (a), the focus is reflected by an acoustic
mirror, and thus the focus can reach the target that is unreachable using
a straight beaming path. In Fig. 1 (b), a HIFU beam is concentrated by an
acoustic lens, and a deep-seated target can be treated with a sharp focus
without enlarging the device.

Based on this concept, we have developed an experimental setup where
such an intracorporeal device is robotically positioned and moved in
front of a HIFU transducer. In a preliminary experiment, the focusing
of a planar ultrasound wave by acrylic biconcave lens was performed
while being visualized by Schlieren imaging as shown in Fig. 2. The focal
acoustic pressure of the lens of f = 30, measured at point B in Fig. 2, was
approximately eight times larger compared to the acoustic pressure
before the lens condensation (i.e. the acoustic pressure measured at
point A). As the acoustic energy is potential to the square of acoustic
pressure, the result indicates that the lens produced approximately 64
times more energy at the focal point. As for the lens of f = 60, the focal
acoustic pressure measured at point C was approximately 15 times larger,
which is equivalent to 255 times more acoustic energy at the focal point.
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Fig. 1: Concept of HIFU treatment using intracorporeal devices (a) with an acoustic
mirror, (b) with an acoustic lens.
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Fig. 2: HIFU focus created by the acoustic lens whose focal length was (a) f=30, (b)
=60, (c) f=90.
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Education Program for Ph.D. Students to
Cultivate Literacy and Competency

Due to changing social requirements, today’s doctoral
education must prepare students to be able to work in a broader
spectrum and apply one’s skills to a multidisciplinary setting
while maintaining a high level of expertise. Here | outline the
development of an education program for Ph.D. students to
cultivate literacy and competency, in addition to comprising
doctoral theses and highlighting the ability to achieve results
through innovative research. The program (Figure 1) aims to
cultivate fundamental attainment, specialized knowledge,
literacy (language, information literacy, technological literacy,
legal knowledge, and ethics), and competency (creativity,
problem identification and solution, planning and execution, self-
management, teamwork, leadership, a sense of responsibility and
duty).

The program focuses on cultivating (1) a bird’'s-eye-view of
the role of engineering in society, (2) competitiveness based
on international understanding and specialized knowledge,
and (3) leadership in industry and academia. The relationship
between the educational objectives and the educational program
is articulated in Figure 2, as it shows the contribution ratio of
the four abilities that can be expected to be cultivated from
each program. Of course, these four abilities do not develop
independently; they are related to and influence each other. We
created these divisions, however, to enable students to recognize
their own achievements by informing them of their attainment of
educational goals and encouraging participation in a wide range
of educational programs.

We asked the students who enrolled in the program to take a
survey about what kind of coursework they felt contributed the
most to attaining the four educational objectives: fundamental
attainment, specialized knowledge, literacy, and competency.
The answers are shown in Figure 3. The number of students
who answered that they were able to obtain fundamental
attainment was low compared to the other three objectives. The
reason for this can be attributed to the fact that the students
had already completed courses on fundamental attainment in
their department or Masters program, hence not much time was
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Fig. 1: Outline of educational program

= Competency w Literacy

100%
80

80% |

(Students) _

[T—
(Students) _:_
(Students) I_:-
(Students) “

E -
(Students) —-:—

Ratio
'y
=]
£ # &
B oot oo | ey
curficulum (Faculty) | =

allotted to this objective. Many students answered that specialized
courses on advanced topics were beneficial for the attainment of
specialized knowledge. However, Open Seminars received an even
higher percentage of answers for the same objective, showing
the positive effect of attending lectures given by research
frontrunners on a global scale. However, we believe that it was
because these lectures were so specialized that students were
unlikely to feel satisfied by attending any single lecture. This in
turn facilitated numerous seminars in various fields to be held,
which is what contributed to the overall positive evaluation.
Although it may be difficult to separate literacy and competency,
the summer camps, open seminars, and evening seminars
contributed significantly to acquiring literacy, whereas PBL and
the summer camps primarily contributed to acquiring competency.
Considering the limited number of students who attended the
summer camps and PBL, it is clear that many who did attend felt
that the programs were very effective in cultivating literacy and
competency.

Figure 4 compares the ratios of educational objectives perceived
by the faculty with the outcome perceived by students determined
by their answers to a questionnaire. There are some differences,
but the overall tendency shows good agreement. We can confirm
students feel they are able to obtain increased literacy and
competency from these educational programs. This feedback
also allows us to change the focus or contents of education
programs according to the students’ voice. We can also alter the
contribution ratio of the four objectives. For example, students
feel Project Based Learning needs fundamental achievement and
specialized knowledge. This is because the PBL themes have been
much more practical engineering topics than the faculty expected.
We are grateful to company members who proposed the excellent
topics, and we have already changed the PBL target objectives for
this year.

We plan to continue running this program, making continuous
improvements in the curriculum based on the opinions of students
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Fig. 3: Questionnaire results of educational program benefit

Fig. 4: Comparison of educational objectives expected by faculty

and that perceived by students
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GMSI Educational Program

Program Name (credit)

Schedule

Language

Primary Instructor(s)

Description / Overview

Points

TN GFESE0 01 8D

‘ Course Number

Prof. Maruyama (Mech.)

Topics related to innovation

Minimum 40/year

5-15

Prof. Yokono (GMSI)

enterprise) in addition to attending
conference is expected.

o 3722-129 | Summer Jp  |Prof. Okubo (Chem.) management. Should be taken before e B _
Engineering Literacy {1 (1cr) Prof. Yokono (GMSI) Engineering Competency | - Ill. [IA=15,8=10,C=5)
Prof. Maruyama (Mech.)  |Intellectual property management .
g\gﬁifezz&ligi(] ?E) 3722-130 Winter Jp | Prof. Okubo (Chem.) and ethics. Should be taken before H(A=15 sBl?O c=5)
E 9 9 Y ) Prof. Yokono (GMSI) Engineering Competency | - lll. e
& Prof. Suzuki (Aero.) English communication. Includes
WE &M F 50001 BN 3792131 Intensive| En Prof. Koseki (Mater.) presentation at international 5-15
% Engineering Literacy Il (1cr) 9 Iprof. Mitsuishi (Mech.) conference. Should be taken before [(A=15,B=10, C=5)
| Prof. Morimura (IlIEE) Engineering Competency | - lIl.
A . Prof. Kaneko (Mech.) Project Based Learning to cultivate
4 Ef\gir?efri &‘i iae?eﬁ(cz ?%Er) 3722-126 Winter EJrf) Prof. Yokono (GMSI) leadership skills needed to actively maximum of 20
g 9 9 P Y ) 9 Iprof. Mitsuishi (Mech.) engage in industry and academia.
© . Approximately 2-6 month investigation
v
T ITHFODEFZSED 02 BAED . Jp Prof. Suga (Preasnon? . |of at least one topic through '
= . . 3722-127 Intensive Prof. Takamasu (Precision) X . maximum of 20
@ |Engineering Competency I (2cr.) Eng collaborative research or a domestic/
X = Prof. Yokono (GMSI) ; . X ]
2| 8 international internship.
B English-only camp where Japanese and
# MEO oY B 5 [ & 5 11l (2 BE L)) Prof. Watanabe (Mater) inr}cgrlnationZI part?c‘i,;anrts di?ct.?ses and
% . . 3722-128 Intensive| Eng  |Dr. Einarsson (GMSI) ) . K X maximum of 20
Engineering Competency i (2cr.) L exchange ideas on various engineering-
n Prof. Mitsuishi (Mech.) .
g related research topics.
3 Prof. Sakai (Mech.) Exercises on applications in extended
o HRER G U BRI R BRI 2 B ) Jo |Prof. Suzuki (Mech) o e oo botumsen
B # | Extended Nanospace Laboratory "Multiscale 3722-125 Intensive P Prof. Mita (Elect.) pace. L . maximum of 20
S | B A Eng molecular dynamics simulation or
5 | 25 |Calculation” (2cr) Prof. Watanabe (Mater.) MEMS fabrication
8 i Dr.Tada (Mater.) )
5 HAERCY U £R 5 BR EZARC(2 ER ) Molecular dynamics and fundamental 5-15
5 ::Zuz:i)amental Theory of Extended Nanospace| 3722-118 Winter Eng |Prof. Maruyama (Mech.) theory of the extended nanospace [(A=15,B=10, C=5)
7 |00 RH o OFNE AO2 BN
% . ! o . -
5 | RERBE/ADEEIYERINDIFRE ) Intensive|  Eng Prof. Kitamori (Appl. Realization of devices based on 5-15
. . Chem.) fundamentals of extened nanospace  [1(A=15, B=10, C=5)
:ll Nano/Micro Devices (2 cr.)
X Synthesis of innovative mechanical
A |FUERADDEEDRFL0Q2 BED ; isi ) ) 5-15
8 | Nano/Micro Mechanical Systems (2 cr) 3729-041 Winter Jp Prof. Takamasu (Precision) sy;tems through‘mtegratlon of nano/ [(A=15, B=10, C=5)
= micro devices, with real-world examples
o) P "
S BUCTITORBLATLNHED s gy gy oMo ) Sope e imechiets g
8 | Nano/Micro Medical Systems (2 cr.) P Prof. Mitsuishi (Mech.) . N [(A=15,B=10, C=5)
e realization of nano/micro systesms.
E Study of the fundamentals of
< FUCDRADDOTRIVEESRFHO BN . . microscale thermal hydraulics, micro 5-15
Nano/Micro Energy Systems (2 cr.) 3722-119 Winter Eng |Prof. Suzuki (Mech) energy conversion sytems, etc. and their[(A=15, B=10, C=5)
implementation.
Approx. once a month, a speaker will
7o FLDD H?.E FENIENFEE000D . Demand I Prof. Sakai (Mech) be invited .to give an evening seminar. 2 per seminar
Evening Seminar Some seminars will be followed by
informal discussion.
REEETE . A public seminar given by an expert .
Open Seminar Demand Eng Al GMSImembers invited from outside the university. 2 per seminar
’f Discussion on various topics, such as a
-,7- DEgYERD } Jp PhD's career path, involving educators |
I |\Workshop Demand Eng All GMSI members both within and from outside the 5-10 per workshop
:; university.
2 _ . Prof. Yoshimura (Sys. Symposia on GMSI-related topics
T ERYIERS DB Innov.) : -
P . . - Demand Jp involving both GMSI program members | 5-10 per workshop
Domestic Symposium Prof. Takeda (Aero.) : .
7 and their domestic collaborators.
L Prof. Ikuhara (Mater.)
A "
g . Prof. Yoshimura (Sys. Symposia on GMSI-related topics
ERY R B Innov.) : -
U . . - Demand Eng involving both GMSI program members | 5-10 per workshop
+ |International Symposium Prof. Takeda (Aero.) = .
3] and their international collaborators.
. Prof. Ikuhara (Mater.)
3 Workshop on GMSI-realted topics
S EBRUERDEIEDD involving both GMSI program members
§>,- International Base Workshop Demand | Eng | Each GMSI Member and their international collaborators in |10 P&’ workshop
@ international base.
o Gives GMSI RAs the opportunity to
E |BIEEHEHE . Summer Jp . obtain guidance and direction from a
& |Secondary Advisor System Winter Eng Prof. Ishihara (Mech.) related faculty member in addition to 3
their current advisor.
Support is provided for travel to present
IR0 B BR © oemand| P oot Mitsish (Mech) o afated mthation (smversity o1 0
International Conference / Affiliated Institution Visit Eng ; i Y

@ GMSI Educational Program




Activity Report
ERWE

@ Program Members

Mamoru MITSUISHI, Professor, 2008.6~2013.3
Nobuhide KASAGI, Professor, 2008.6~2012.3
Yoichiro MATSUMOTO, Professor, 2008.6~2013.3
Shinsuke SAKAI, Professor, 2008.6~2013.3
Shigehiko KANEKO, Professor, 2008.6~2013.3
Shigeo MARUYAMA, Professor, 2008.6~2013.3
Chisachi KATO, Professor, 2008.6~2013.3
Sunao ISHIHARA, Professor, 2008.6~2013.3
Masayuki NAKAO, Professor, 2008.6~2013.3
Yoshihiro SUDA, Professor, 2008.6~2013.3
Shinji SUZUKI, Professor, 2008.6~2013.3
Nobuo TAKEDA, Professor, 2008.6~2013.3
Shin-ichi NAKASUKA, Professor, 2008.6~2013.3
Kazuro KAGEYAMA, Professor, 2008.6~2013.3
Shinobu YOSHIMURA, Professor, 2008.6~2013.3
Toyohisa FUJITA, Professor, 2008.6~2013.3
Tadatomo SUGA, Professor, 2008.6~2013.3
Kiyoshi TAKAMASU, Professor, 2008.6~2013.3
Yuichi IKUHARA, Professor 2008.6~2013.3
Taoshihiko KOSEKI, Professor, 2008.6~2013.3
Satoshi WATANABE, Professor, 2008.6~2013.3
Takehiko KITAMORI, Professor, 2008.6~2013.3
Shin-ichi NAKAO, Professor, 2008.6~2009.3
Yukio YAMAGUCH], Professor, 2009.4~2013.3
Tatsuya OKUBO, Professor, 2008.6~2013.3

@ Project Members

Yasuyuki YOKONO, Professor, 2009.3~2013.3
Tomofumi TADA, Lecturer, 2011.3~2012.5, Associate Professor, 2012.5~2012.12
Yoichi MURAKAMI, Lecturer, 2009.3~2009.3

Erik EINARSSON, Assistant Professor, 2009.3~2012.5, Lecturer, 2012.5~2013.3
Kanako HARADA, Assistant Professor, 2010.5~2012.5, Lecturer, 2012.5~2013.2
Ki Hoon JIANG, Researcher, 2008.12~2013.3

Seong Su KIM, Researcher, 2009.5~2010.3

Youngbae HAN, Researcher, 2009.11~2011.3

Wei DONG, Researcher, 2011.4~2013.3

Etsuo MAEDA, Researcher, 2012.4~2013.3

@ Activity Number

Symposium 2 (2008), 1(2009), 2 (2010), 2(2011), 4 (2012)

GMSI Symposium, International Symposium on Biomedical Systems Innovation, TU-SNU-UT (Tsinghua
University, Seoul National University and the University of Tokyo) Joint Symposium, International
Symposium on Simulations and Measurements for Electrochemistry in Solid Oxide Fuel Cells 2013,
Fullerenes-Nanotubes-Graphene General Symposium, CIRP BioManufacturing 2013

Workshop 4 (2008), 2 (2009), 6 (2010), 5(2011), 7 (2012)

The Aerospace Innovation Workshop, GMSI-COSM-UT2 Workshop, International Specialist Workshop,
Thinking about your future in engineering, Asian Academic Seminar, GSISH-GMSI Summer School, Open-
Loop versus Closed-Loop Control of Wall Turbulence, Computer Integrated Surgery, Nanoscale thermal and
engergy phenomena, Micro-scale Multiphase Flow Heat Transfer, Numerical Simulations of Fluid/Thermal
Systems

Open Seminar 14 (2008), 36 (2009), 23 (2010), 18(2011), 29 (2012)
Evening Seminar 3 (2008), 11 (2009), 10 (2010), 10(2011), 12 (2012)

International Base Workshop 3 (2009), 3 (2010), 2 (2011)

Stanford University, UC Berkeley, Harvard Medical School, KTH Royal Institute of Technology, Swiss
Federal Institute of Technology, University of Helsinki, Aalto University, University of Cambridge, Ecole
Polytechnique Fédérale de Lausanne, Technische Universitat Darmstadt, Xiamen University, Beijing Institute
of Technology

@ Participation Number

Research Assistant 72 (2008), 112 (2009), 135 (2010), 155(2011), 152 (2012)

Project Based Learning 42 (2009), 34 (2010), 26 (2011), 16 (2012)

International Research Collaboration / Internship 10 (2009), 11 (2010), 9 (2011), 13 (2012)
Summer Camp 77 (2009), 73 (2010), 78 (2011), 70 (2012)

Secondary Adviser System 31 (2009), 85 (2010), 47 (2011), 15(2012)
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