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Aiming to Nurture Doctoral Talents Capable of Leading Societal
Transformation through Data
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The Internet has significantly enhanced global interconnectedness and convenience. However, it has also
amplified the potential impact of events such as infectious diseases, conflicts, and financial instability, as their
repercussions can now quickly spread worldwide. Although the world has become more convenient, the
expansion of global production and consumption poses an ongoing threat to the Earth's environment. The
terms “volatile,” “uncertain,” “complex,” and “ambiguous” have never described the state of the world more
accurately. To address this issue and build a sustainable society, the global community has adopted
Sustainable Development Goals (SDGs) as a shared set of objectives. In this context, universities are expected
to nurture individuals with high-level talent who can tackle global challenges, including the achievement of the
SDGs, by effectively utilizing various data and artificial intelligence (Al) technologies with significant potential.

IR IS
Yasunori Endo

FURKE
BZR.EE

Vice President and
Executive Director,
University of Tsukuba

DRNOFT B RFEIE2021F 12 ICEBRIFEEDNOHE - T— I YA TV R -AIBBRILEHET D

2EORURRINKEO—DELTREESNE LIz, YRATLBEBRIFMAE CIE20228EN ST —4
PATV R -AlZBME L IR RRRE R CEDNHRMEET — YA IV R -AINy TAMER 7O S LD
B ERmLCEE LT
In December 2021, the University of Tsukuba was selected as one of the 11 national hub universities by the
Ministry of Education, Culture, Sports, Science, and Technology (MEXT) to promote the advancement of
education in Mathematical, Data Science, and Al. The Degree Programs in Systems and Information
Engineering have been preparing to launch the "Interdisciplinary Top-Level Human Resource Development
Project on Mathematical, Data Science, and Al (MDA)" in 2022.
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This project established a certification program for doctoral students,
grounded in advanced Data Science (DS) and Al research, to cultivate
interdisciplinary leaders capable of driving innovations that contribute to
the SDGs. To support this program, the University of Tsukuba
constructed a comprehensive educational system from undergraduate
to postdoctoral levels. Operating under such a seamless educational
framework and guided by the founding philosophy of the University of
Tsukuba — to be "a university open in all respects" — we implement
open Mathematics, Data Science, and Al (MDA) education from the
three characteristics shown in Figure 1.
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Figure 1. Three characteristics of MDA educational practice
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Nurturing top talent in individuals who can shape the future with data,
from the intellectual hub of TSUKUBA in cocreation with society.
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Figure 2. Integrated educational system from undergraduate to doctoral programs

FEEOPRTOTILTHIIT—IPATVR-TFR/3—h-T70O

4> L\ (Data Science Expert Program, DSEP) | & U F—44
AITVRA-THFR/=N-FOF 5L 752 (Data Science Expert Program
Plus, DSEP+) |3 BT FREOFEECHRICTHADAAEZT -4 T
MYy TAM EHOMSTSUKUBAD AL HICEHT S 1523y s
vE L HBERMEEINERIHE EER L OXRMIE. BN TORBATHE S
EDHEBEEBLCERET TR EREORERACHETEDEED
BBREIL 42— — BRI D LEBIRLTIVET, F/.DSEPH LV
DSEPHF CNEFTHERF CELFENCEBMALCEER T -5
ATV ZABBEED L ERGAM - EBENELD D BONEMSEHD
I IR 5 - EB I T EDMRAMDELRICHUBATHEET, &5
(S DK (DIt & ED L GEBEO I FEHERS, B3 BIR RS L OREIRIS
EHEEEARL LT SDCsMERZ(FLHE LIz thIRIRREDFHEREDARR
CEIF - AMBRICEBRMLTWEET,

DSEP$ & U'DSEP+TIE KR EFEL AME LT HITH LW ZER LT
WK REREOER. $o. ZOAME—HICER LTV EHEDE
BERFLELTHUET, BREHICBEROT—F Y/ TV X -AlET
EHAICETL MRE LVRWBICT 2N EHEEITEEEHEL
HIZLTVET,

The core program of this initiative, the Data Science Expert Program
(DSEP) and Data Science Expert Program Plus (DSEP+), targets doctoral
students with the mission of “Nurturing top talent in individuals who can
shape the future with data, from the intellectual hub of TSUKUBA in
cocreation with society.” Through interdisciplinary specialized
education, joint research with industries, and long-term overseas
training, the program aims to develop leaders who are catalysts for
change and capable of not only theoretical understanding but also
real-world problem-solving. Furthermore, DSEP and DSEP+ are based
on the information and data science education offered at the University
of Tsukuba at the undergraduate level, striving to produce researchers
who can pioneer and lead new domains in their own fields while
engaging in dialogue with diverse talents and organizations. Additionally,
by leveraging Tsukuba's location, the program contributes to human
resource development aimed at solving global challenges, including the
achievement of the SDGs, by actively collaborating with neighboring
research institutions, corporations, and local governments.

At DSEP and DSEP+, we look forward to welcoming doctoral students
who can shape the future, as well as all those committed to nurturing
these talents. We anticipate leveraging cutting-edge data science and Al
technologies to benefit society and continually strive to make the world
a better place.
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Overview of the Data Science Expert Program
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Five Abilities Trained by the Program
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To nurture individuals capable of leading
global transformations through MDA, this
program focuses on enhancing the
following five competencies:MDA
Advanced Expertise, MDA Interdisciplinary
Adaptability, MDA Creativity, MDA
Practical Applicability (all required for
DSEP), and MDA Comprehensive Initiative
(required for DSEP+ only) (Figure. 3).

At the Graduate School of the University of Tsukuba, education in
Mathematics, Data Science, and Al (MDA) aims to nurture talented individuals
who possess both a global perspective and local practical skills by adopting an
interdisciplinary approach to systems, information, and society. To achieve
this, we engage in dialogues with society and confront complex real-world
problems using data-driven solutions. Our goal is to nurture innovators
endowed with the exceptional capabilities to transform society. To support
this aim, we provide 'Data Science Expert Program (DSEP)' and 'Data Science
Expert Program Plus (DSEP+)" in our doctoral courses."

The DSEP and DSEP+ build on specialized education provided in various
degree programs within the Degree Programs in Systems and Information
Engineering and Master's/ Doctoral Programs in Informatics of the Degree
Programs in Comprehensive Human Sciences. They facilitate interdisciplinary
research and doctoral theses by sharing data with various domestic and
international organizations. Both programs aim to nurture doctoral talents
endowed with specialized data analysis skills and the practical ability to
propose data-driven solutions. Students who meet specific criteria are
awarded a certificate of completion.
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Figure 3. The five competencies required for DSEP and DSEP+
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Data Science Expert Program (DSEP)
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DSEP aims to nurture doctoral students who possess advanced data analysis
skills using MDA. These students autonomously identify challenges,
collaborate with stakeholders from various backgrounds, and maintain
global perspectives. They are prepared to apply their interdisciplinary
knowledge to solve global challenges, including the achievement of the
SDGs. DSEP nurtures doctoral students through the following activities.
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Fostering students with specialized analytical capabilities and practical skills to propose problem-solving strategies
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Collaborating and sharing data with domestic and international research institutions, corporations, and local governments
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Offering research-focused long-term internships, joint research projects, and research exchange programs with overseas

universities and research institutes

The DSEP+ aims to nurture highly talented individuals with the ability to act
as catalysts for change, driving real-world problem-solving through
outstanding innovative capabilities. These students also possess the
attributes required to cultivate MDA talents that society demands. DSEP+
nurtures doctoral students through the following activities.

-
— -~ o O S O
T=AYAIL VR TXR/N=b-T70OT 5L 7TFX (DSEPH)
Data Science Expert Program Plus (DSEP+)
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Selecting approximately 10 of the most exceptional students among those who enrolled in the DSEP
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Special guidance by a “Triple Mentors” consisting of a research supervisor, an MDA researcher, and an industry expert
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Collaborative training exercises with top professionals in industry and academia to foster interdisciplinary MDA talent
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Appointing exceptional students as special research assistants to engage in advanced research by applying MDA abilities
\
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to students who meet the specific course requirements.

The DSEP and DSEP+ are open to students enrolled in doctoral
programs university-wide . This program awards completion certificates
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Curriculum of the Data Science Expert Programs
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Students enrolled in this program can acquire points for the five
competencies required to complete the program from four designated
course categories in various degree programs within the Degree
Programs in Systems and Information Engineering and Master's/
Doctoral Programs in Informatics of the Degree Programs in
Comprehensive Human Sciences, as well as newly established
courses designed specifically for DSEP or DSEP+ (Table 1, 2).

Credits earned in other degree programs or graduate schools may be
recognized as competence points, except for the MDA Comprehensive
Initiative, if they are relevant to the MDA.

Table 1. Four course categories for DSEP and DSEP+ and their corresponding competence points

HMEF

Category

a2 E5 X Competence

MDA MDA MDA MDA MDA
BESMA | 2FRSH Bl £ val Lrir =l
MDA MDA MDA MDA MDA
Advanced | Interdisciplinary |  Creativity Practical Comprehensive
Expertise Adaptability Applicability Initiative

REE HORICH B
Mathematical applications
1 F— 54 TV A5
Data science
BIRERS T

Machine learning
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Courses for fostering Al technology to conduct research by utilizing cutting-edge DS and Al

#E8# DSand Al
2 @D 7 LT~y SEB RO VR RE TR SEE)

DS-Al%ERLI-ZRHIBMAMRERR TR S/ X—2a Al ADER

Courses for fostering innovative creativity to realize interdisciplinary research by utilizing

Entrepreneur Exercise (Exercise related to entrepreneurship and business model development)
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DS-Al Colloquium (Interdisciplinary seminar with program faculty and enrolled students)
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Courses for fostering practical applicability to lead academia and industry

HE#

institutions in Tsukuba Science City, etc.)
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Participation in long-term collaborative research

€D BHREFEFEOEHTERES
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Special courses for top-level human resource training
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Research-oriented long-term internships (with top Al companies, research

Long-term research study abroad at overseas universities, research institutes, etc.

ry TARDER

Courses for top-level human resource development
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Special courses for top-level human resource development

HE#

aAYEFURARAL 2 Competence Points
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New Courses Established for DSEP and DSEP+

(FIE#2) DS-AlZBRALA-FERMRMEMEERRATES M/ N—L a3V EIHADER

Courses for fostering innovative creativity to realize interdisciplinary research by utilizing DS and Al.
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L S=E LE_% t ; j- _)b This course provides omnibus classes by experts in the fields of MDA from

researchers, companies, and local governments in Japan and abroad, as well
as lectures on recent significant issues. The primary objective of these classes
is to nurture problem-solving skills and foster innovation by leveraging MDA
methodologies and integrating knowledge from other interdisciplinary fields.

MDA Interdisciplinary Integrated/
Collaborative Seminar
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Course for fostering practical applicability to lead academia and Industries
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Cultivate practical abilities that enable the use of data to solve problems through

MDA Advanced Project Research joint research and internships related to solving real problems faced by
companies, governments, and research institutions and utilizing data held by
companies, and so on.

T ATV ABET . EN OB L OIEE. B EETH
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MDA EBELBARABEMALANDZOENEEB CE2RENEA L
SEEY
%1 24 cEefe
MEHA é"ﬂ Eﬁ%% ¥ This course provides students with the opportunity to engage in collaborative data
MDA Advanced Research science research with international institutions and internships at overseas
Study Abroad companies. Through these experiences, students can acquire global-level

cutting-edge data analysis skills. Additionally, the program enhances students’ ability
to integrate various forms of knowledge and effectively apply their skills in practice.
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Courses for top-level human resource development
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This course aims to develop interdisciplinary expertise, practical skills, and
MDA Special Exercise for Top-Level exceptional comprehensive abilities in the field of MDA by collaborating with
Human Resource Development/Training  corporations and local governments to tackle real-world issues using real data
in PBL-style workshops and by facilitating group discussions that include
members from different fields and data scientists.
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Table 2. Designated courses for DSEP and DSEP+
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Courses for fostering Al technology to conduct research by utilizing cutting-edge DS and Al
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Common Courses in the Degree Programs
in Systems and Information Engineering
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Policy and Planning Sciences
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Service Engineering
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Risk and Resilience Engineering
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Computer Science
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Intelligent and Mechanical
Interaction Systems
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Engineering Mechanics and Energy
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Empowerment Informatics
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Life Science Innovation
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Degree Programs in Comprehensive
Human Sciences, Informatics
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Survey and Data Analysis, 22754t — 3>, Visualization, &4 45 1EZR. Biological and Life Informatics. &% 7> ¥ 74 . Information
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Courses for fostering innovative creativity to realize interdisciplinary research by utilizing DS and Al
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Course for fostering practical applicability to lead academia and industry
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Common Courses in the Degree Programs
in Systems and Information Engineering
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Courses for top-level human resource development

MDARREIR

MDA courses

MDA by FAM RSB E



BTREXETHIGHEN

Process until Certification of Completion

[ B{EEF IV course Model]

J

BEFLOFEL BIERFEZRHLALO>Z T BRELRE  Students who wish to enrollin the program must submit an application form and

A*BIELET., E2RDERETMETVAEEARA Y Mo enrollin the necessary courses. Then, a biannual student achievement assessment
SOTETEEI4BELET, is conducted, and certificates of completion are issued based on the points they

have acquired.
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Resource Certificate
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Figure 4. Course model for DSEP and DSEP+
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Supports for DSEP and DSEP+ Education

DSEPZ/=(ZDSEP+DEEEEXIET D1-DIC LITDOXZIEN  The following support measures are implemented to support students enrolled in
HFOENTVWETOT. SEATIV, XEAZ(FLS5>L 33 DSEP or DSEP+. If the individual is a DSEP or DSEP+ student who wishes to receive
DSEPS/=(2DSEP+BISE 3 BEEEAHE LD 2 T & this support, they can check the application guidelines and proceed with your

AT TCREEL

application accordingly.

HEMAZIE

Support for Project Research

E E‘U Purpose

RERRICT -9 ZERATELIRENGHEZEIAMBROIZOHIC,
TR REES (LUTIREZF LV D,) MR DRERED
BRCEESNFTIT—IDFERICETHEMR. A V5—V
VY TBEICETD MRR RESVLELCRBO—HEIUELET.
This program supports participation in collaborative research with
corporations, governmental agencies, and research institutions that
focus on resolving actual challenges and utilizing their data by providing
financial assistance for a portion of necessary expenses, including
research and travel expenses.

3(’]'&%3’5& U%‘]’%Wﬁ Eligible Participants and Scope of Support

ODSEPOBIEAETMDARIE /O 10 MR BEBEETHD L,
Students must be enrolled in DSEP and register for the MDA Advanced Project Research course.
QKT OV Y MIBIFTIMAT —< L EENPREICRENTVDETHDI L,
Students who have clearly indicated their research themes and goals for this project.
QIEEHEN OAFHEEB/TWDIETHDI L,
Students must obtain consent from their supervisor.
OEFMRE3A V5 —V 2y TICSE T DIODIRE. i HFERBAR R
TR TR T DR DRI IRREAGE
Support for travel expenses for participation in joint research or internships,
equipment and consumable expenses, and English proofreading and submission
fees when publishing the results.
@ 1HFATZURKI0THE T (ERSHZE)
Up to 300,000 yen per project (about 5 projects each year)

B MABFTR

Support for Research Study Abroad

E E"J Purpose

T PATVANBTICH TDBNTCOERME. A V-V v
ZOMDIEEBEITOI CLICK V. T—I YA TV RN EFICH (T DHNH S
FURFILOE L BIER T EBRR Ry N — I BEEZBHE
LIZEBCE W EMB BEBO—HE2ELET,

This program provides travel and living expenses support for students
engaging in international collaborations, internships, and other activities
in the field of data science, aiming to enhance their knowledge and skills,
promote cultural exchanges, and help build international networks.

*’]’&%3’5; U%‘l&l’qﬁ Eligible Participants and Scope of Support

@ETETICEBENR T TEDETHDIL,

Students must be able to complete their studies abroad before graduation.
@DSEPEIEE TCMDAR IR B RIBREETHD L,

Students must be enrolled in DSEP and register for the Advanced Research Study Abroad.

BEETORET —CEEDBREICREN TV SETHD L,

Students must have a clearly defined research theme and objectives for their time abroad.
QI EHEN SAFEEFE TV DETHIL,

Students must obtain consent from their supervisor.
@S DR TLITOFRDES) 1 DL EEL L,

Students must engage in one or more specified activities related to data science while overseas.

OEIMARBEE DT — 5 A TV REED ¥ I — BRRE

Seminars related to data science, discussions, and so on, with overseas research institutions
OBACETDT— YA TV ZABHRDA > 5 —> T

Internships or similar engagements related to data science at foreign companies
QBN - DL DT — 5 YA TR EFE LI HEMFRE

Joint research related to data science with overseas research institutions and companies
@BNTHOT—5 YA LY RAEEDIRIEE

Local surveys related to data science abroad
BOZ Dt BATOT -5 Y1 TV RIEET HHZES

Other activities related to data science conducted abroad

@ 141U AS05 & T (FRE5HERE)
Up to 500,000 yen per instance (about 5 instances each year)

by 7AMERFIRBMAXE

Support for MDA Special Exercise for Top-Level Human Resource Development

BHY Purpose

DSEP+DETREZZT21=DICBIET D BENHDIMDAMY TA
MERFEBICH TR IN—T =0 - U—F—L UCRERRE
DARE)—FIEBICEVWTHRR RESVEGRBN—
EXELEY,

This program provides financial support for necessary expenses such as
research funds and travel costs for Special Exercise for Top-Level
Human Resource, which is required for acquiring DSEP+ Certification of

Completion, to lead the formulation of problem-solving measures as a
group work leader.

WHRESBLUOHFERAZA Eligible Participants and Scope of Support
@DSEP+EIEAETMDAM Yy TAMERFFIEERNBEBEETHD L,

Students must be enrolled in DSEP+ and register for the Special Exercise for
Top-Level Human Resource Development.

OIEEHENOEHEEB LDIETHDIIL,
Students must obtain consent from their supervisor.

Q- BIARENERE L EME LI SRR DIEEDI=HDIRE. T — Y {FE AL
JHFEEMB R E SRR T DBROR R - RREAL L,
Support for travel expenses, data usage fees, consumables costs, and English
proofreading and submission fees when publishing the results, that are necessary
to address challenges based on data and problems provided by companies and
local governments
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Supports for MDA Research

[ F—=RYALIT /X —X/\y’ DataSc

ience Casebank 1 https://www.mda.edu.tsukuba.ac.jp/casebank

J

MDAREFIZE T BT A XIET AT DI HSFBICT L TREE LR
BHRT—FEFRALCGRERRIBBALEAZFERET—5Y
ALVRT—RN 7 ELTHPIZRARALTWET,
HEBEDBREDRRICY > TODHAED AR ST HITERRIC
BII2HTHERLEOCFAENARBEZERR TEET—XR
Fa XN (=T =YD DIMER LT-2— R (ZRFBARER S
D) EEE)EER L FEREH L TCOETOTITERIZS L,

F=dtALr2-7=-201%2
R e s G -

ransy Fewrziame L]

To support research in the MDA field, University of Tsukuba has
established the Data Science Casebank and made it publicly available,
introducing solutions explored by students and researchers based on data
for various societal issues.

In the process of solving societal issues, case documents are created to
allow users to relive the research process, including the analysis methods,
and the trial and error stages. These documents are regularly updated.
Some of them include codes created for data analysis that can be reused.

F=RBYAL IR =XINY
Data Science Casebank

HREKFDFELHRED
T—9%&FALTCGRERRICEYHATES
The accumulation of problem-solving cases

explored by students and researchers at the
University of Tsukuba utilizing data

BH#Y Purpose 4> 5F Field F;% Methodology

BRIEE-FEOR#R{EZ Lz,

Understand the current situation and visualize the problem ELFETESH Basic theory F—&%A1R{b33 Visualize data

MBEDORE - FBREOERZHY 7=L 1&%R « (S Information and communication 4S5l 492 Extract features

Identify the cause of the problem and the factors for solutions 5 Medic - -

F—y YA LIROFHEEMRELIL B Medicine BBILT5 Optimize

Develop data science methods F5D< 1) Urban planning BEE % E4B ¥ 2 Find relationship and causality
=1 o .

SHEVLHEBRERELL BABRKDIEEA Natural phenomena MR%ILIET Evaluate impact

Propose better improvement measures

BRAIRKDEH Bh % Disaster prevention

Investigate natural phenomena

T8I\
Data Bank

OERENIT—RET—5%

WV —IL%ZRFE T3 Develop Tool

HIEKF MDA #8707 54

MDA Education program, University of Tsukuba

T—YD_RFALFIRE L. TER-BEDOTY MDAZF IR /578 —

T—YD_ SER- T . _

£ TR EEOT A ) R TR SEFCONEL T 2 wsen

BEUTF— 5 RS IR AR ERR, (< IIPEF=INL IS L

ETAEEDDTICIE L DT — ¥ HERL /N EE /B @Actively utilize accumulated

B/NRALTWASZRT A cases and data in MDA DDSSIE‘E%EE@
education. A

A system designed considering data reusability to @Accumulate the outcomes of _ T

generates, collects, organizes, and shares data that is lectures and researchinto a ISAERE- 752 Undergraduate

useful for analyzing activities related to resource and casebank and data bank.
asset design, spatial and environmental design, )

o . . FH1F
organizational and behavioral design, and unknown Undergradute
data-driven solutions to global challenges b

Advanced Literacy Ist-4th year
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Figure 6. Data Science Casebank of University of Tsukuba



DSEPOEIERERICRET 2B For information on DSEP course registration,

manabaz C&ELEELY, please refer to manaba.
(manabal MDA —R | &3+ —:1443621) (manaba ‘MDA course’ registration key: 1443621)

FEEE Email

Contact info

mdainfo@un.tsukuba.ac.jp

MDAZEH#E#Z= (MDA Education Promotion Office)
FERKEHE=T173A102
(Rm. 3A102, Area 3, University of Tsukuba)

Web
https://www.mda.edu.tsukuba.ac.jp/dsep_ov

( Campus map ) ( WEB ) C manaba )
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