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I Academic Literacy 2BifiT I Studies in Humanity 2Biff
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ELF 500 This course is designed to develop stu-
dents’ academic literacy in English. Students are
expected to acquire skills necessary for academic
presentations as well as writing in their areas of
specialty.

It is primarily designed for 1st year graduate stu-
dents of Humanities, although graduate students in
other disciplines as well as qualified undergradu-

ate students may enroll with permission.
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Curriculum Table

Mind and Brain Sciences Major (Master's Program) in the Graduate School of Brain Sciences

Opening year

2015 2016

Course Code Subject Remarks

SOIJeLLIOMU| UleIg
90UI9S0INAN
S80UBI0S UBWNK

COSC 500 | Mind Sciences Research Method I (Research Survey)
' COSC 501 | Mind Sciences Research Method IT (Research Planning) T
Subjects ENG 500| Research Presentation
COSC 519| Mathematical Brain Science
ENGR 520 | Brain-Machine Interface t
COSC 510 Cognitive Developmental Robotics T
INFO 500 | Advanced Mind Sciences (Brain Informatics) T
COSC 518 Brain Science and Humans T
SCED 509 | Molecular Life Science
SCED 500 | Decision Neuroscience T
COSC 504 | Advanced Mind Sciences (Neuroscience) T
COSC 506 | Developmental Science of Mind T

PSY 501 | Educational Science T

PSY 502| Psycholinguistics T
) COSC 505 Advanced Mind Sciences (Human Science) T
Subjects COSC 507 | Systems Neuroscience *1 T
COSC 508| Systems Neuroscience Method T
COSC 521 | Human Cognitive Neuroscience *2 T
COSC 515| Neuroimaging Analysis T

COSC 511| Cognitive Science

PSY 504 | Social Psychology T

COSC 509 | Neural KANSEI Science T
PHIL 503 | Philosophy of Mind

PHIL 508 | Neuroethics Research
COSC 520| Comparative Ethology

PSY 503| Behavior Analysis T

BIOL 511| Advanced Biochemistry
CHEM 504 | Advanced Bioorganic Chemistry
Related | BIOL 509 | Advanced Mechanism of Signal Transduction
Subjects | BIOL 513 | Advanced Bioinformatics

PHIL 501 | Research Ethics
COPR 502 | Internship
Research | COSC 502 | Mind Sciences Research Method III (Data Analysis)
Methods | COSC 503 | Mind Sciences Research Method IV (Thesis Writing)

Introductory

O

Compulsory

olo| o] [EIEE
olo

sie[oxe [oxe e

Choose four %

corresponding to

your program

s s 3% e

Special

Credits of *1 required

Credits of *2 required

O |0 O] O[O0 O[O0 O[O
O |0 O O[O0 (O[O0 [O/O

O
OO0 (O (O [O[0] O] O] |O] O] |O] |O] |O] |O0O

OO
Ol 0[O0 O[O0 O[O0 O] |O] |O] |O] |O] O] O] |O0O

O

At least,
choose a subject

DODO|DD (D[N [DO|DD DD DD DD DD DD DD DD DD DD DD [N

Compulsory

O: Open Term

T : Open for students from other gradulate schools, and the certificate of Mind and Brain Sciences Program will be awarded to
the students who get >8 credits of these subjects.

Requirements for passing the course

(1) 6 credits in Introductory Subjects

(2) 4 credits in Research Methods

(3) 12 or more credits in Special Subjects

(4
5

2 or more credits in Related Subjects
A total of 30 credits must be acquired, a master's thesis must be submitted and the final exam must be passed.

= T O =

Students that have graduated the Neuroscience Program or Human Sciences Program will receive a “Master of
Neurosciences” .
Students that have graduated the Neurosciences Program will receive a “Master of Engineering” .
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f Introductory Subjects R
(compulsory subjects)

Mind Sciences
Research Method I
(Research Survey)

Mind Sciences
Research Method II
(Research Planning)

Research Presentation

Outline Image of the Curriculum

Mind and Brain Sciences Major (Master's Program) in the Graduate School of Brain Science

~

Special Subjects (optional subjects)

Every subject 2C

(

Mind Sciences Research Methods )
(compulsory subjects)

Mind Sciences Research
Method IIT  (Data Analysis)

Mind Sciences Research
Method IV (Thesis Writing)

L

~N
Measurements and Analysis of Mind Sciences

- ~ - N
Systems Neuroscience Cognitive Science
Systems Neuroscience Method Social Psychology

- J L Y,

- ~ - N
Human Cognitive Neuroscience Neural KANSEI Science
Neuroimaging Analysis Philosophy of Mind

N J N J

Every subject 2C W,

Every subject 2C

'

L

4 N
Mind Sciences Research

Neuroethics Research

Behavior Analysis

Comparative Ethology

Every subject 2C
7

/

Advanced

Brain Informatics
Program

Mathematical Brain Science

Brain-Machine Interface

Mind Sciences

(Brain Informatics)

Every subject 2C
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Cognitive Developmental Robotics

4 N\
Neuroscience
Program
Brain Science and Humans

Molecular Life Science

Decision Neuroscience

Advanced Mind Sciences
(Neuroscience)

Every subject 2C

Human Sciences
Program

Developmental Science of Mind
Educational Science

Psycholinguistics

Advanced Mind Sciences
(Human Science)

Every subject 2C

Related Subjects (optional subjects)

Advanced Biochemistry
Advanced Mechanism of Signal Transduction

Advanced Bioinformatics

Advanced Bioorganic Chemistry

Research Ethics

Internship

Every subject 2C




Course Catalog

| consmmz1 @RY—~1)

I Mind Sciences Research Method I (Research Survey) 2Bifif

Research in Master's Program develops findings,
technologies, and ways of thinking that are
recognized as widely useful in a given field.
Therefore, it is necessary to understand through
which means research is carried out in the field
of modern sciences of the mind, and estimate the
direction of future research by understanding the
flow of research until now. This course provides
students with knowledge in order to position their
own research in the world and continue on to
planning the next step to take in their research,
by teaching them methods to read and organize

literature related to the sciences of the mind.

| consmzn @xE)

I Mind Sciences Research Method II (Research Planning) 2B4{if

Research is a method of providing new experiences
and knowledge through observations, analysis, and
experimentation on existing findings. Research
requires that existing knowledge and knowledge
that one hopes to obtain are rigorously classified.
It also requires strict and logical planning and
implementation in order to obtain truly new
knowledge. This course provides students with
methodologies to reliably prepare research on
the sciences of the mind through close discussion
between students and faculty advisors. Students
must have obtained credit for the "Mind Sciences
Research Methods I (Research Survey) course" in

order to take this course.

I Research Presentation

I Research Presentation 2Bfif

Presenting a talk or poster in English at a
scientific organization or research society
allows one to show their research results, and is
important as a means of exchanging information.
This lecture advises students on how to best
understand the gist of sample research papers and
accurately transmit the information to someone
else, from the point of view of a scientist or
engineer. Participants will select a representative
example of literature in their own fields, will
understand the gist of the paper with guidance
from the lecturer, and will present the paper
themselves. They will then receive advice on how
to improve. Advice is given on such topics as
creating slides, establishing points, presenting
in English, and finding points to question in the
presentations of others. Therefore, students
participate not only as presenters, but from the
standpoint of those listening to and discussing the

presentation.

| sz

I Mathematical Brain Science 2B

Human and animal brains can extract important
information from huge sensory information,
and can learn appropriate behavior through
experience. This ability is impossible for current
computers to perform. This lecture introduces
various interesting phenomena in neuroscience
and psychology, while mathematically describing
the phenomena and exploring mechanisms behind

the phenomena. Students will learn using concrete
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examples in which mathematics plays a role
in exploring these mechanisms, and cultivate

mathematical skills.

|7v1o=svtv872-2 BMI
I Brain-Machine Interface 2B

This course explains technologies how the
brain and computers communicate and exchange
information. I introduced to neuronal encoding and
decoding methods in order to implement a Brain-
Machine Interface, as well as findings related to
multivariate analysis for neuronal activity, BOLD
signals or EEG signals. I will also introduce
mechanisms how the brain control arms, legs, eyes,
and other parts of the body. Students will also
learn about electrode technologies used to obtain
various information obtaining from nerve and brain
activity, and about multivariate analysis methods

for these data in voluntary movement.

| smeeseiznas « o2

I Cognitive Developmental Robotics 2B

This course introduces more advanced content
related to cognitive robotics and the latest
research developments. Various technologies are
related to robotics technology, such as machinery,
electronics, and information technology, and we
believe that artificial-intelligence technology is
important in combining all of these. The objective
of this course is for students to acquire knowledge
and deepen their understanding regarding granting
robots intelligence and autonomy, by considering
elemental technologies such as image processing,
motion generation, and situated reasoning, and
how to combine these with a focus on developing
intelligence in robots. In particular, students will
consider the implementation of robots that behave

autonomously while interfacing with environments
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in the real world, from the perspective of learning

algorithms.

| vomzemtsr— AmBENS)
I Advanced Mind Sciences (Brain Informatics) 2B{if

The purpose of this class is for students to
understand the current progress of brain
informatics research in the world; learn
computational approaches with related theories
and practices; understand technologies to apply
and evaluate analytical methods, theories, and
computational models in their own research. In
order to achieve these purposes, this class is held
in a seminar style, in which invited researchers
give talks about advanced topics in brain
informatics and related fields. This seminar is

partly conducted in the Brain Science Retreat.

| iz e Am

I Brain Science and Humans 2B

The fundamental question, "what is human being,"
has traditionally been addressed in the fields of
philosophy and literature. From the viewpont of
natural sciences, it is the brain that makes us
human. Neuroscience has developed remarkably
over the past few decades, and we are now able
to investigate human brain functions scientifically.
Through this class, students will better
understand the structure of the human brain, the
methodologies to study human brain functions,
a variety of results from neuroscience, and the
possibility of change in understanding human being

on the basis of neuroscience.

| 7 emns

I Molecular Life Science 2B

Molecular biological research methods are put into



practice in a wide variety of life science research
fields from basic biology to applied sciences
including medical science. In this lecture, students
first learn basic knowelde of molecular biology
that crucial for researchers involved in the life
sciences. Then, they attempt to clarify to what
degree brain functions are clarified at molecular
levels, by reading recent research papaers in which

molecular biological techniques are used.

| e=ire oz

I Decision Neuroscience DB

In this lecture, students will understand
mathematical models of decision-making, as well
as the related brain areas and neuronal activities
involved in decision-making in animals and
humans. In particular, I introduce the basics of
reinforcement learning theories from the classical
and operant conditioning in the psychological
theory. The course will explain the anatomy and
physiology of the parietal cortex, prefrontal
cortex, and basal ganglia, which have important
functions in decision making. Additionally,
advanced students will learn through reading
review literature in related own current research

related to decision making.

| conzrmtsr—B (MERZ)

I Advanced Mind Sciences (Neuroscience) 2B

The objective of this lecture is for students to gain
a neuroscientific understanding that is conscious of
the "hierarchical nature" of the brain, in order to
understand the framework and working of the mind.
In particular, students will focus on the neural
circuitry of the brain's hierarchical structure,
and will take note of the structural and functional
relationships between it and the nerve cell level

below, as well as the levels between brain areas

above. Students will learn research methods that
are best suited for each level, and will consider
what can and cannot be clarified on a fundamental
level. Furthermore, students will discuss how
neuroscientific findings on the cellular, circuit, and
regional levels are connected with understanding
the framework and working of the mind. The mind
is presented from a scientific point of view in this
way. This seminar is partly conducted in the Brain

Science Retreat.

| omzns
I Developmental Science of Mind 2By

The goal of this class is to deepen understanding
of the primary factors related to mechanisms of
child development from a scientific perspective.
Students will discuss and consider establishing
developmental science research topics and
their application, while obtaining wide-ranging
knowledge in developmental psychology, cognitive

science, brain science, and neurophysiology.

| conmns

I Educational Science 2Bifif

Students aim to interpret activities at childcare
and educational sites based on psychological
findings, widen their view of human understanding,
and deepen their understanding. In particular,
students will grasp childrearing and educational
processes based on the latest research
developments, and will investigate to what degree
"teaching" activities (thought to be unique to
humans) support these childrearing and educational
processes. Additionally, students will consider
how these activities at childcare and educational
sites are inseparable from culture and situational
relationships. Specifically, students will engage in

discussion while interpreting the latest research,
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and will investigate childcare and educational
practices from a standpoint based on research

results.

| cosmiEs

I Psycholinguistics 28

Students will deepen their understanding related
to human language utilization, namely, production,
comprehension, writing and reading, from
dimensions such as basic cognitive mechanisms,
acquision, and evolution. They will also consider

clinical and engineering applications.

| comzrmesr—c (AmHZ)

I Advanced Mind Sciences (Human Science)  2Bifif

In this seminar, we conduct talk series of
scientists who are well-known throughout the
world in cutting edge in the field of neuroscience,
psychology, and social science. The seminar
will invite scientists from neuroscience and the
behavioral sciences, because "the sciences of the
mind" are composed from both of these fields.
Participants will not only learn the cutting edge of
the latest research, but also will attempt to obtain
a wider perspective on their own field by gaining a
wider point of view bridging understanding across
the nervous, behavioral, and social levels that
form the bases of the sciences of the mind, and
discussing these with researchers working in a
variety of fields. This seminar is partly conducted

in the Brain Science Retreat.

| > 27 smris

I Systems Neuroscience 28y

The higher brain functions, such as sensory
perception and cognition, goal-directed action,

emotion, judgment, and thinking are performed
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via nerve cells (of which there are over ten
billion in the cerebral cortex alone) forming a
unique network in the brain and carrying out the
expression and processing of neural information
based on brain's operating principles. In "Systems
Neuroscience," students will organize knowledge
about neuronal mechanisms of feature extraction
and object recognition through sensory systems,
control of behavior, learning and memory,
emotion and motivation, and decision-making.
Students will learn how to integrate knowledge of
systems neuroscience and that of psychology and

computational theories.

| » 25 Lmrizmm

I Systems Neuroscience Method 2Bf]

In this lecture, students will systematically learn
such topics as the goals, basic principles, examples,
and history of anatomical and physiological
experiments and technologies, as a neuroscientific
approach necessary to understand the framework
and working of the mind. For anatomical
experimental techniques, students will learn
standard observation techniques of the structure of
the brain using the naked eye and microscopes. For
physiological experimental techniques, students
will learn standard recording methods to measure
the electrical activity of individual nerve cells and
groups of cells. Students will come to understand
the characteristics of each experimental technique,
and will gain the ability to think of techniques

suitable to their research goals.

| e r2ammEnra

I Human Cognitive Neuroscience 2Bifi]

The primordial question, “what is humanity,” has
traditionally come from the fields of philosophy

and literature. The essential organ that makes us



human from natural sciences point of view is the
brain. Neuroscience has developed remarkably
over the past few decades, and we have become
able to examine the functions of the human
brain scientifically. Students will deepen their
understanding of the structure of the human
brain, scientific methodologies for studying the
functions of the human brain, results that have
been obtained in neuroscience to date, and the
possibility of change in human understanding based

on neuroscience.

| Bt 2 — i

I Neuroimaging Analysis 2B

The objective of this course is to understand
basic knowledge and technologies necessary in
functional MRI (fMRI) research. Students will
come up with basic problems in order to measure
brain activity using fMRI, will carry out fMRI
experiments using these problems, and will analyze
fMRI data. Additionally, the course will explain
more complicated analysis techniques (correlated
analysis and network analysis). Students will learn
of the brain functions that can be understood
using neuroimaging (as well as its limitations), and
will obtain knowledge to allow them to accurately
understand research papers in which fMRI was

used.

| s

I Cognitive Science 28

Cognitive science is a field of scientific study
that views human cognitive functions such as
memory, thought, and problem-solving as a kind
of "information processing" system; uses both the
construction of information processing models
as well as the analysis based on observation and

experiments; and clarifies human cognitive function

mechanisms. The objective of this lecture for
students is to learn about the knowledge expression
through a computer. The knowledge expression is a
basic concept of cognitive science, and is essential
for deepening the understanding of learning and
problem-solving mechanism. In particular, topics
such as the memory model, knowledge expression,
knowledge acquisition, problem-solving, and

metacognition will be raised.

| 2imy

I Social Psychology 2Bff

Social psychology is an academic discipline that
investigates the workings of the human mind in
mainly interpersonal situations. This course will
not only deepen students' understanding of which
environmental factors have an effect on social
behaviors, but will deepen their understanding
of how they are processed within the individual
by introducing important behavioral experiments
in social psychology and touching upon social
neuroscience, where much experimentation has
been conducted recently. Specifically, the objective
of this course is to deepen students' understanding
related to the neural bases of social behaviors
by introducing experiments that use functional

magnetic resonance imaging (fMRI).

| memiers

I Neural KANSEI Science p2d--X v

We acquire information about music by listening
and communicate it to other people using a natural
language. The correspondence between musical
entities and verbal expressions that designate them
is to some extent arbitrary, however. Therefore
the verbal communication of musical information
may cause much misunderstanding, which in turn

makes the data processing of the information by
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computers problematic.

Drawing on the latest music theory, analytic
philosophy, formal logic, and cognitive science,
this course discusses the categorization and
the formation of notions of musical entities and
examines the relationships between the knowledge

representation of music and natural languages.

| voms

| Philosophy of Mind DB

Students will survey the history of philosophy,
investigate recent controversies, and confirm
what has been clarified as of now, in order to
deepen their understanding of the mind and body,
particularly their relationships with the brain.
Students will also consider what is necessary
for animals other than humans and systems
to have a mind. In this lecture, students will
confirm the basic concepts of philosophy, while
cultivating a comprehensive view of the mind as
they continue to take in findings in such fields as
biology, psychology, sociology, and linguistics.
As the lecture continues with a focus on student
discussion, students will write a final report under

the guidance of the instructor.

|=2-nxovsz2mx
I Neuroethics Research 2]

Neuroethics was established with the development
of neuroscience. What does it ask? What does it
reveal? In this lecture, students will understand
the basic concepts of neuroethics while confirming
and surveying background information on recent
controversies. In addition, students will gather
materials, make presentations, exchange opinions,
and write a report focusing on concrete issues

such as " the brain enhancement," "free will,"

"crime," "mental disorders," and "moral judgments."
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Furthermore, students will confirm if any ethical
issues have occurred with the progress of brain
sciences research, and will investigate ways to

cope with them.

| mim

I Comparative Ethology 2Bifi]

The mind cannot be physically held, so one valid
means to understand it is to examine observable
behaviors created through the wroking of the
mind. In Comparative Ethology, we will consider
how the mind is formed in the evolution as well as
in the environments and societies of humans and
animals, by learning human and animal behaviors
through observations and experiments, and
highlighting their similarities and differences. In
this lecture, students will learn many topics from
basic behaviors such as perception and memory to
social behaviors (including developmental changes)
among humans and animals through introducing
basic comparative ethology methods and research
papers. Students will aim to develop a deep human

understanding from multiple viewpoints.

| oamsny
I Behavior Analysis 2By

The objective of this course is to scientifically
measure the human mind, and deepen understanding
related to analytical methods. The minds of humans
that contribute to communal life are designed to
work well with others. The main objective of this
course is to draw attention to the framework of
the mind that works in relation to other people,
and deepen understanding of how hormones play
a role in the framework of the mind. Specifically,
the course will explain how sexual hormones (i.e.,
testosterone) measured from blood and saliva

influence the mind.



| £mieemn

I Advanced Biochemistry 28

Living things maintain homeostasis through
various complicated functions. The maintenance
of homeostasis involves mainly metabolic
adjustment mechanisms and biological defense
mechanisms. In this lecture, students will learn
about these metabolic adjustment mechanisms and
biological defense mechanisms in understanding
the maintenance of homeostasis in living things.
Students will become able to explain mammalian
immunological responses from the molecular level
to the level of the organism, with the reactions of
living things to outside stimuli as an example. The
objective of this course is for students to gain the

ability to analogize similarities with other fields.

| mmisnn

I Advanced Bioorganic Chemistry 2Bifif

In order to manufacture agricultural chemicals
and drugs with a high degree of safety, it is
important to first discover both lead compounds
(which are the keys to new agricultural chemicals
and drugs) and prototype compounds by screening
and synthesizing many natural resources. The
objective of this lecture is to deepen understanding
of what should be considered when discovering
new agricultural chemicals and drugs. Additionally,
students in this lecture will consider the basics of
medicinal chemistry. Finally, students will aim to
understand the basics of what should be considered

in drug discovery.

| £rmmmmrmn

I Advanced Mechanism of Signal Transduction 2B{if

Multicellular organisms maintain homeostatis

of their internal environments in response to

external stimuli and the external environment.
Signal transduction mechanisms in and between
cells are essential in order to maintain the
organism's vital functions. In this lecture, students
will aim to deepen their understanding of the
signal transduction mechanisms in the cells of
multicellular organisms. Students also aim for a
general understanding of the names and activation
frameworks of proteins that take part in signal

transduction.

|31 4127225 1 7208m
I Advanced Bioinformatics 2B

This course will explain new biological research
methods that use the latest informatics technologies
and their applications, and will carry out practical
training that makes use of computers in familiar
topics that can be utilized in day-to-day research
activities. In particular, students will understand
and gain knowledge of important technologies in
bioinformatics, such as gene sequencing analysis,
promoter design, gene expression analysis, and
gene network analysis. Furthermore, students will
attempt to construct models according to their
research topics in systems biology (an attempt to
understand life as a system based on biophysics),
a new and challenging field in the life sciences.
Students will understand the way of thinking,
main techniques, and applications in biology for
bioinformatics. Finally, students will aim to be able
to independently carry out analysis that makes use

of bioinformatics technologies using a computer.

| e zme

I Research Ethics 2Bifif

Scientific development relies on trueness, trust
and fairness of research practice. Scientific

misconduct -violation of these norms- hampers the
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sound development of science. We discuss scientific
misconduct and questionable research practice
through case study and cultivate research ethics as

practical wisdom.

|1>5—>007

I Internship 2B{i]

With the goal of connecting the specialized
knowledge and skills they have gained thus far
in their learning with the knowledge and skills
required by society, students will aim to carry out
work experience related to their fields of specialty
or to their future careers at places of employment
such as corporations or research institutions.
Through internships, students further increase
their specialized knowledge, and at the same time
become able to design accurate learning goals for
acquiring wide-ranging and related specialized
knowledge, by understanding relations and gaps in

their own research topics.

| conzmzEn (7—smim
I Mind Sciences Research Method III (Data Analysis) 2Bi{iL

In addition to targeted phenomena, errors are
introduced in data obtained through surveys and
experiments as a result of a variety of factors. The
research process requires researchers to eliminate
these factors one-by-one, and grasp the true
characteristics that show the sought phenomena.
This course discusses models for experimental
data and analysis methods used in the sciences of
the mind, and guides students in how to think about
constructing theories and models for phenomena
in the sciences of the mind through discussion on
surveys and experiment data with faculty advisors.
Students must have obtained credit for the "Mind
Sciences Research Methods I (Research Survey)"

and "Mind Sciences Research Methods II (Research
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Planning)" courses in order to take this course.

| conemzEy Gaxtem)

I Mind Sciences Research Method IV (Thesis Writing) 28131

Research first becomes significant when
intentions, methodologies, and results are shown,
interpretations of the results have been deeply
discussed, and it has all been recorded as an
original research paper with novelty and validity
that anyone would recognize. While writing
a research paper on the sciences of the mind
wherein readers will understand one's intent and
acknowledge its novelty is not an easy task, it
is the standard technique to have one's research
recognized. In this course, faculty advisors
individually guide students on these methods.
Students must have obtained credit for the "Mind
Sciences Research Methods I (Research Survey),"
"Mind Sciences Research Methods II (Research
Planning)," and "Mind Sciences Research Methods
III (Data Analysis)" courses in order to take this

course.
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I Advanced Systems Neuroscience 2Bfi]
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I Systems Neuroscience Technique 1B
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Computational Neuroscience 2EBAfy]
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Computer Simulation Technique 1 BT
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I Brain Image Analysis 2B
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I Neuroimaging Technique 1By
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I Developmental Science 2Bify]
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I Developmental Science Technique 1 BT
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I Communication Robot Engineering 2B
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I Brain-type Learning Systems 2BAf
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I Parallel Information Processing 2B
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I Cognitive Science 2By
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I The Impact of Brain Science on Social Sciences ~— 2B fif
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I Advanced Brain Sciences A (Robotics) 1Bfyf
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I Advanced Brain Sciences B (Neural computation) 1B{i
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I Advanced Brain Sciences C (Information creation) 1Bi{if
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I Advanced Brain Sciences D (Social sciences) 1B{if
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I Scientific Research Ethics 2=t v
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I Psychophysies 2B
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I Neuroeconomics 2By
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I Social System Control 2By

M2V 2T L &G 2720101, BREET
HBMADTL Y —%BURT 2 Z L HNEETH
305, A2 IFHIC 4 OFEED TIZ A0, 4
DTV =Y =[O AN L5wmn b, 25 L7
HEMEHEIZB T 3 7L — v — O, EERE,
rEp A PR cE & RIRN AR, BOR AR
B, FITL T ZEINEETH S, T L7zl
ANDAHERIW I B 25 5B AHIBE IR BB D £ 7 =X
LF X OF OMHEIARIZ OWTHIRT 5, 80505
By, - ek, BE G EHSE Y 2T 206 %
JARIZE 6 A2, T FEHERT 5,

| memi T

I Neural KANSEI Engineering 2By
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I Neuroethics 2Bifif
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I Pathological Neuroscience 2B (]
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I Advanced Molecular Life Science 2B
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I Brain Sciences Research Method I 2B
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I Brain Sciences Research Method 11 2Bf]
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I Brain Sciences Research Method 111 2Bifi
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I Brain Sciences Research Method IV 2BfiL
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Curriculum Table

Brain Sciences Major (Doctoral Program) in the Graduate School of Brain Science

Course Code

Subject

(@]
e
@
Qo
=

Opening year

2015 2016

weiSoid uorjeindwo?) [einaN
welSoid S80UBI0SOINAN

Remarks

COSC 601 |Advanced Systems Neuroscience 21O O O %1
COSC 600 |Systems Neuroscience Technique 1 O O O~
INFO 601 |Computational Neuroscience 2O O O %9 At least,
INFO 603 [Computer Simulation Technique 1 O O O choose a pair of
COSC 614 |Brain Image Analysis 2O O O %3 x1, >><<i’ 3,
COSC 606 |Neuroimaging Technique 1 O O Ol ~ )
COSC 616 |Developmental Science 210 O O %4
PSY 602 |Developmental Science Technique 1 O O Oof ~
Special | INFO 602 |Communication Robot Engineering 2 O O Of
Subjects | COSC 615 Brain-type Learning Systems 210 O O P At least
INFO 612 [Parallel Information Processing 2 O O O] choose 2 sub-
PSY 601 |Cognitive Science 210 O O % | Jects of # in
COSC 604 [Information Creation Science 2 O O O S
COSC 602 |The Impact of Brain Science on Social Sciences| 2 [O O O *%
COSC 612 |Advanced Brain Sciences A (Robotics) 110|000 |0|0O] * At least,
INFO 611 [Advanced Brain Sciences B (Neural computation)] 1 |{O|O|O|O|O| O] * choose a subject
COSC 613 [Advanced Brain Sciences C (Information creation)| 1 [O[O|O|O|O|O % | of * inyour
INTD 600 [Advanced Brain Sciences D (Social sciences)| 1 |[O|O|O|O|O|O * program
PHIL 600 [Scientific Research Ethics 20 O O
PSY 600 |Psychophysics 210 O O
ECON 600 |Neuroeconomics 20 O O
Related | COSC 603 |Social System Control 210 O O At least,
Subjects | COSC 605 |[Neural KANSEI Engineering 2| O] |O] |O choose a subject
PHIL 601 |Neuroethics 2 O O O
COSC 617 |Pathological Neuroscience 2 O O O
BIOL 612 [Advanced Molecular Life Science 2 O O O
COSC 607 |[Brain Sciences Research Method I 2O
COSC 608 |[Brain Sciences Research Method 11 2 O
I;f:ﬁ?gg;l COSC 609 [Brain Sciences Research Method II1 2 O Compulsory
COSC 610 |Brain Sciences Research Method IV 2 O
COSC 611 [Brain Sciences Research Method Seminar | 2 O
O: Open Term

Requirements for passing the course
(1) 10 credits in Research Methods
(2) At least 8 credits in Special Subjects and at least 2 credits in Related Subjects

(3) The requirements in (1) and (2) must be fulfilled, a total of 20 credits must be acquired,

a doctoral thesis must be submitted and the final exam must be passed.

Students that have graduated the Neural Computation Program will receive a “PhD in Engineering” .
Students that have graduated the Neurosciences Program will receive a “PhD in Neurosciences” .

153

ERSRTE NENER
Gs G OF R SU T



Outline Image of the Curriculum

Brain Sciences Major (Doctoral Program) in the Graduate School of Brain Science

( Brain Sciences Re- )

search Method (com-
pulsory subjects)

Brain Sciences
Research Method I
(Research Survey)

Brain Sciences
Research Method I1
(Research Planning)

Brain Sciences

Research Method 111
(Data Analysis)

Brain Sciences
Research Method IV
(Thesis Writing)

Brain Sciences
Research Method

Seminar

N\ J

(oW 1 credit ol 2 credits
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Neural computation Program

Brain-type Learning Systems

Communication Robot
Engineering

Advanced Brain Sciences A 1c
(Robotics)

Parallel Information
Processing

Advanced Brain Sciences B 1C
(Neural computation)

Neurosciences Program

Cognitive Science

Information Creation
Science

The Impact of Brain Science
on Social Sciences

Advanced Brain Sciences C [fe]
(Information Creation)

Advanced Brain Sciences D (B¢
(Social Science)

( . . )
Special Subjects (optional subjects)
4 )
Measurements and Analysis of Brain Sciences
s N - N
Developmental Brain Image
Science Analysis
Developmental Science Neuroimaging
Technique Technique
N\ 4 \ y
N\ 4
Advanced Systems Neu- Computational Neuro-
roscience science
Systems Neuroscience Computer Simulation
Technique 1C Technique
\ J \ y
_ J
N ~N

N

-~
Related Subjects (optional subjects)
r ~
Psychophysics Neuroeconomics
Social System Control Neural KANSEI Engineering
Advanced Molecular Life Science Neuroethics
Pathological Neuroscience Scientific Research Ethics
\_ Every subject 2C
\_




Course Catalog

| © 25 Lm@rzn

I Advanced Systems Neuroscience 2BAfi

Higher-order brain functions such as sensory per-
ception, behavioral actions, emotion, decision-mak-
ing and thinking are mediated by nerve cells in the
brain, more than 10 billion of which exist in the
cerebral cortex alone, making local and global, hi-
erarchical networks, and representing and process-
ing neuronal information under specialized working
principles. In Advanced System Neuroscience,
graduate students are expected to master the
coding of nerve signals, detection and perception
of sensory stimuli, control of actions and motor
learning, emotion and decision-making. Classes will
consist of lectures, workshops and discussions in a

small group of students and professors.

| © 25 L

I Systems Neuroscience Technique 1 B(3s

To understand the mechanism of the neural system,
researchers need to obtain precise and reliable
experimental data by an appropriate combination
of several experimental techniques. In this lecture,
students will learn the basics and applications of
anatomical and physiological techniques widely
used in neuroscience, such as tracer injections, mi-
croscopy, electroencephalograms, and extracellular
and intracellular recordings. The students will
learn how to select experimental techniques and
how to analyze their experiment data in accordance

with the purpose of their own studies.

| st msmemzn

I Computational Neuroscience 2BAfif

In this course, we review theoretical and computa-
tional neuroscience, which is an approach for un-
derstanding brain functions through mathematical
formulation. Participants learn how to analyze and
hypothesize through a computational point of view
on their own project. The approaches of computa-
tional neuroscience try to understand brain func-
tions by analyzing multiple levels of neuroscientific
phenomena on molecular, cell, network and system
levels. The goal of this course is to study math-
ematical and statistical concepts bridging multiple
levels of neural and behavioral data, such as neu-
ral encoding and decoding, information theory, and

Bayesian statistics.

|:>e:—a>s:u—9ayﬁﬁ

I Computer Simulation Technique 1 BifiT

Computer simulation is an effective method to con-
firm what phenomena emerge from a hypothesized
model. For instance, we can easily examine the
effect of a certain cause by using a simulation of
a biologically detailed model. This also allows us
to understand the background mechanisms of an
observed phenomenon by looking for the smallest
model required in order to reproduce that phenom-
enon. This lecture provides concrete examples to
study the required basic techniques in regards to
the 2 contrary courses of action of pursuing bio-
logical fidelity on one side and of simplification in

order to find mechanisms on the other.
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I Brain Image Analysis 28

The goals of this class are to master the theory of
human non-invasive measurement of brain activity,
functional magnetic resonance imaging (fMRI), and
to cultivate the skills for experimental designs and
analyses for fMRI.

In the first half, students will learn about possible
dangers, ethical issues for participants, and imag-
ing mechanisms in MRI experiments. Also, students
will gain understanding on RF pulse sequences and
the meanings of the MR images. Furthermore, stu-
dents will learn how to control interface devices,
such as stimulus presentation systems, recording
systems for biological reaction etc., which are nec-
essary for TMRI experiments.

In the latter half, students will study from basic
analyses to applied ones for fMRI data. Then, in
order to understand the detailed research methods
of fMRI correctly, students will gain the knowl-
edge required for task design with consideration
of the characteristics of fMRI. Furthermore, stu-
dents will actually try to make task designs along
some given themes and have discussions in order to

make up their skills for their own fMRI research.

|:;-u4x—9y7ﬁ$

I Neuroimaging Technique 18(1

The aim of this course is to learn about proce-
dures for fMRI studies. The student will be shown
how to perform fMRI tasks and how to calculate
fMRI data. The student will also experience 3

tesla MRI operation.
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I Developmental Science 2By

This course is intended for students to seek the
essence of human behavioral changes with a fo-
cus on cognitive psychology, developmental psy-
chology and linguistics, in order to deepen their
understanding. In particular, students will learn
about the latest research on scientific approaches
to understanding a variety of findings in the de-
velopmental process of infants. The first half of
the course will focus on explaining the concept of
development in science (Hiroyuki Okada). We will
also touch upon the modeling of learning mecha-
nisms through a connectionist approach, which has
become a hot topic in recent years. In the latter
half, we will reveal various experimental aspects
of its development, by concentrating on language

acquisition in infants (Mutsumi Imai).

| sz

I Developmental Science Technique 1BT

This course provides opportunities to learn and
experience various research methods of develop-
mental sciences so that students can apply sugges-
tions from brain research to education, connecting
information from linguistics, cognitive psychol-
ogy, and developmental psychology. Students will
experience data collection and analysis of ques-
tionnaires, surveys, behavioral observations, and
behavioral experiments. Especially in behavioral
observations, we will discuss the correlation be-
tween mother-child/child-child social interaction
and first/second language acquisition. Students
will also learn manipulations and acoustic analyses
of sounds, which are used in studies of speech per-
ception and production. By comparing these multi-
ple research methods, we will discuss appropriate

usage of these methods.
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I Communication Robot Engineering 2B

In the case of communication between human sub-
jects, one tries to estimate what the other party
intends to do in order to establish optimal mutual
interactions, because the other party is a human
being with his/her own will. Lectures in Communi-
cation Robot Engineering cover theoretical models
required for constructing robots that can interact
with humans, for the development of cognitive
functions and for algorithms for control systems.
While studying the literature, graduate students
introduce and discuss the latest researches, which
will be provided by the professors, to learn about
the backgrounds and perspectives of researches in
the field of communication robot engineering, and

about how to read the literature.

| mmzrms 250

I Brain-type Learning Systems 2Bifif

In the information processing of the brain, any
information-integration is related to “learning and
memory.” Therefore, in order to understand high
order functions, it is very important to study learn-
ing and memory systems. In this lecture, learning
and memory systems from the synapse level of a
single neuron to the network level of neurons are
explained. The mechanism and dynamics of learning
and memory are introduced from both the experi-
mental side and the theoretic side. In addition, the
relation between information representation and the
memory function in the brain will be touched upon.
Furthermore, the latest knowledge about learning

and memory will be presented.

| /35 Lvirssszminy

I Parallel Information Processing 2B

To understand information processing in the brain,
it is necessary to analyze functional spike activi-
ties of many neurons which are simultaneously
measured through a multi-neuronal recording tech-
nique. In this lecture, students will learn the basics
and applications of this multi-neuronal recording
technique, focusing in particular on classical and
up-to-date researches on the mechanism of spatial
cognition and memory by hippocampal neurons in
rats. The students will also have a simulated ex-
perience to review an original paper as a reviewer

with scientific insight and criticism.

| EmsemtIF—A (OFy rIH)
I Advanced Brain Sciences A (Robotics) 1Bfyf

Robotics consists of various fields of technology,
such as mechanics, electricity, electrons and infor-
mation. It is thought that intelligence technology is
of importance for this fusion. In this course, stu-
dents will study the latest research on the forms
of technology that are classified for intelligent
robots. In particular, topics such as autonomous
mobile robot, image recognition, and self-position
identification are studied. This seminar is partly

conducted in the Brain Science Retreat.

| stz r—B (wEsE®R)

I Advanced Brain Sciences B (Neural Computation) 1 B{iL

The purpose of this course is to learn about cut-
ting edge studies in computational neuroscience,
theoretical and practical approaches for neurosci-
ence by using computational models, and about
methods of analysis with computational hypoth-
esis in the students’ own research fields. In this

course, we conduct a series of seminars by invited
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speakers who are globally active in computational
neuroscience and related fields. Participants will
not only study advanced ideas and approaches of
these fields but will also learn computational and
quantitative analysis methods for their own re-
search projects. This seminar is partly conducted

in the Brain Science Retreat.

| 2miies

I Cognitive Psychology 2B{]

The origin of human intellectual activity is the
brain, but, depending on the actions, it is pos-
sible to observe activities to create wisdom. The
understanding of intelligent behavior as informa-
tion processing leads to a deeper understanding of
knowledge. In this lecture, we discuss the concepts
of cognitive science, methodology, and research

trends.

| e

I Information Creation Science 2B

Animals with developed brains have inference
abilities with which they can estimate relationships
between events without direct experience. These
abilities enable human beings, who have the most
advanced inference abilities, to create new things
and events. To understand the basic mechanisms
of creative brain functions, we will study (1) psy-
chological theories in learning and thinking and (2)
theories in neural computation. At the end of the
course, we will discuss the results of recent stud-

ies on inference, thinking and creativity.
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I The Impact of Brain Science on Social Sciences 2Eifif

Findings in the brain sciences have recently had

significant impacts on various fields in the social
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sciences, providing impetus for collaborative ef-
forts between brain scientists and social scientists.
The goal of this course is to delineate the scope
of the potential implications that findings in brain
science could have on research and theory build-
ing in social sciences—beyond the fields of neuro-
economics and behavior economics—from the per-

spectives of the social scientists.
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I Advanced Brain Sciences C (Information Creation) 1 Bi{if

In this seminar, researches of information cre-
ation (i.e. thinking, reasoning and creativity) are
presented in the fields of experimental psychology,
neuroscience, and computational neuroscience. The
mechanisms of human creativity are main theme
based on the evidence of neuroscience in animal
and human experiments. This seminar is given in
English. The students are required to have the
ability to discuss in English. This seminar is part-

ly conducted in the Brain Science Retreat.
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I Advanced Brain Sciences D (Social Sciences) 1B{if

Findings in the brain sciences have recently had
significant impacts on various fields in the social
sciences, providing impetus for collaborative ef-
forts between brain scientists and social scientists.
In this course, we conduct a series of seminars by
invited speakers who are globally active in social
sciences and related fields. This seminar is partly

conducted in the Brain Science Retreat.
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I Scientific Research Ethics 2B

Scientific development relies on trueness, trust

and fairness of research practice. Scientific mis-



conduct —violation of these norms- hampers the
sound development of science. We discuss scien-
tific misconduct and questionable research practice
through case study and cultivate research ethics as

practical wisdom.
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I Psychophysics 28

In system-neuroscience, well-controlled stimulus
presentation and accurate measurement of behav-
ior are indispensable. Experimental psychology has
developed psychophysical methods to analyze the
relationship between stimulus and response. In this
course, we will systematically study psychophysi-
cal methods and related psychological theories, as
well as discuss recent psychological studies. We
will also talk on how we can apply psychophysical

techniques to neuroscience research.
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I Neuroeconomics 2B (]

Neuroeconomis is a new academic field that sud-
denly arose at the end of the 20th century. Neuro-
economics is based on behavioral economics, sys-
tems neuroscience for decision-making, and human
functional neuroimaging. In the neuroeconomics
course, students will learn the basic methods for
neuroeconomics and its findings. Students will also
study the findings of neuromarketing, which is a
current extension of neuroeconomics. We will as-
sess how valid neuromarketing is for our society
at present and in the future. Furthermore, we will
try to identify the essence and search the future
perspective of neuroeconomics by considering dif-

ferent aspects of this new research field.
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I Social System Control 2By

It is important to understand the individual play-
ers that constitute a society in order to control the
social system. However, a society is not a simple
collection of individuals. Without a perspective
to understand mutual communications among so-
ciety members, it would be difficult to decide and
implement social policies and plans. For better
institutional design, it is necessary to understand
the mechanisms of cognition and emotion in social
decision-making and their neural substrates. This
course will be delivered in the form of lectures,

workshops, and group discussion.
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I Neural KANSEI Engineering p2d=-L v

This course discusses the information processing
of music from the perspective of cognitive science.
The student studies the structure, knowledge rep-
resentation, and cognition of music in reference
to recent music-theoretical research. In doing so,
the student gains an insight into the formation of
various categories of musical entities, the identi-
fication and designation of the categories, and the
relationships between category formation and our
understanding of music. Finally, as possible top-
ics of final projects, we will discuss the computer
modeling of composition and performance of music,

and its theories and implementations.
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I Neuroethies 2Bf]

Neuroethics recently emerged through the interac-
tion between life-ethics and system-neuroscience
and consequently has two aspects. One is “the

ethics of neuroscience,” which criticizes studies
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of neuroscience from the view point of ethics and
morals. The other is “the neuroscience of ethics,”
which investigates the neural mechanisms of ethi-
cal decision-making. In this course, we will read
papers related to both aspects of neuroethics and
we will consider how neuroscientific studies on

ethics and moral influence our lives and society.
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I Pathological Neuroscience 2B

The aim of this course is to learn about symptoms
of psychiatric disorder, such as schizophrenia,
depression, autistic disorder, and neurological dis-
order. A further aim is to investigate appropriate
methods to identify neuronal bases of psychiatric
and behavioral symptoms using neuroimaging tech-

niques.
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I Advanced Molecular Life Science 2=t v

Modern neuroscience is on the verge of uncover-
ing the mechanisms of the development of neurons
and glial cells in the central nervous system, and
also those of memory and learning at the molecular
level.

The final goal of this class is for the student to be
able to acquire basic knowledge of molecular biol-
ogy and the ability to apply this basic knowledge
to neuroscientific research.

The class is composed of two parts: the first part
is focused on basic molecular biology; the second
part provides information on processing mecha-
nisms and their regulation in the nervous system.
There will be an emphasis on studies of molecular
mechanisms of synaptic transmission and signal
transduction. Furthermore, the relationship be-
tween new genetic engineering techniques. includ-

ing the technique of recombining DNA, and animal
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behavior are discussed.
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I Brain Sciences Research Method I (Research Survey) 2Bi{if

The goal of doctorate course research is to aim
at a truly original study by seeking novel findings,
innovative technique, or sophisticated theories in
a specific field of brain science. To achieve this,
students have to have broad knowledge of past and
current researches, available and effective tech-
niques, and most importantly, future directions of
the field. In this class, students will obtain suffi-
cient knowledge to design their own studies appro-
priately, by searching, reading, and understanding

valuable literature in brain science.
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I Brain Sciences Research Method II (Research Planning) 2B4{if

Scientific research is a methodology, which pro-
vides new experiences from which new knowledge
is also deduced, by conducting well-organized ex-
periments, analyzing their results and inspecting
these results carefully.

In order to clarify the differences between newly
obtained knowledge and conventional knowledge, it
is necessary to design a well-organized plan and to
carry out experiments according to this plan for
the achievement of one’s own purposes.

This class provides methodology that allows stu-
dents to establish their own projects by themselves
through discussion with instructors.

It is required to complete the “Brain Sciences
Method I (Research Survey)” course to take this

course.
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I Brain Sciences Research Method III (Data Analysis) 2B{if

Natural phenomena generally look stochastic un-
less all of the causes are controlled. There are
uncontrollable internal states in the brain. There-
fore, a stochastic view is inevitable to understand
the brain through experimental data. Methods to
infer objective conclusions from finite observations
are required to understand stochastic phenomena.

In this class, we discuss statistical methods to
infer an objective conclusion from specific experi-
mental data obtained by proper experiments in
brain science and discuss approaches to construct
testable hypotheses. It is required to complete the
two courses: ‘Brain Sciences Research Method
I (Research Survey)” and “Brain Sciences Re-
search Method II (Research Planning)” to take this

course.
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I Brain Sciences Research Method IV (Thesis Writing) 2Bi{if

The goal of scientific study is to write an original
paper, in which the experimental procedures and
results have to be described clearly in order for
the readers to realize its originality and useful-
ness. Without basic techniques of scientific writ-
ing, it is hard to show the scientific validity and
originality in one’s paper. In this class, the super-
visor provides an individual with training on how
to write scientific papers. Students are required
to have completed the courses “Brain Sciences
Research Methods I” (Research Survey), “II (Re-
search Planning)” and “III (Data Analysis)” to take

this course.
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I Brain Sciences Research Method Seminar 2B fif

This is a seminar for writing a doctoral thesis as
a compilation of all professional skills, knowledge,
and research findings the student has gathered,
after mastering research surveys, research plan-
ning, data analysis. This is a literacy to advance
scientific research and develop new technology.
Students will also join in discussions of other
students' research, and learn how to utilize what
they learned from the discussions to their own re-
searches. Before taking Brain Sciences Research
Method Seminar, Students are required to have
finished Brain Sciences Research Method I, II, III,
and IV.
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