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Thought processin
“intersection” of many %-"

disciplines Q
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Thought processwithin
their own disciplines
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Network of Excellences
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Conceptual picture of full research in life science

Enterprises to be reorganized

Universities )
for health industry
Basic researches in [ Hospital
physics,
chemistry, Pharmacy
material science, . .
computer science, | Medical Instrument
etc .
: . a Agriculture
Basic Research in <
Life Science T ¢ Food
Synthetic resgarches In Housing
mechanical,
electrical, Gymnastics
environmental,
computational, }
economical, \ Environmental Remedy
managerial etc
sociological, etc
Type-1 Product Realization _
Basic Research Research Production
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Independent Agencies ( AIST etc )
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(1) Synthetic Ability

Traditional Departmental Curriculum

Management
Manufacturing Practice
Design Practice
Optimization technique
Theory

Laws

Mathematics

5 Engineering knowledge

«—— Departmental knowledge

( Methods for synthesis)

Mechanical Eng.
Electrical Eng
Metallurgy
Chemical Eng.
Biological Eng.

17

( Factual knowledge)




An Example (mechanical engineering)

Theories for machines

Theories of
Fluid dynamics, Thermodynamics, Mechanics, Strength of material,---

Experiments on mechanical phenomena

Experiments of
Fluid dynamics, Thermodynamics, Mechanics, Strength of materials,---

Practice of machines

Practice of
Design, Manufacturing, Maintenance,---
of machines

Specific scientific and empirical knowledge for machines 18




Education by Theory and Practice

Q g Knowledge g Q

Mechanical systems Mechanical systems

Theory of Practice of
Mechanics, Design,
Fluid mechanics. manufacturing,
Thermodynamics, testing,

Strength of material 77T
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Difference of Educational Methods, “theory and practice”,
due to Asymmetry of Human Thought Process

/
00C

. Reality
Reality 1
(Artefact)
(Nature) disciplinary laws
(“scientific knowledge”)
Science for Analysis Science for Synthesis (design)*

Management, Policy-formulation,

{ Design, Planning, Innovation,
*
Bill-drafting, Composition of art works, etc




Fundamental Problem of Design

Knowledge about
machines

Machines Machines

O— C

We have enough
systematic method
for the analysis.

We have not
systematic method
for the synthesis or

design.
(scientific method)
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“Inversion”

Laws Laws
o
N A A N
O=>~0 O« i +—=0
N ; e

e G2 N —

Teachtheory | andpractise | | Teachtheory | and practise

. of analysis, | design. . of design, . analysis.
Traditional engineering education Inverted engineering education

22




An Inverted Curriculum

___________________________________________________

Management
Manufacturing Practice

Design Practice

Theory

Systematic factual laws ||

Laws

Mathematics

2

0

(b)

=

e

>

0p]

(V-

. | ©
Optimization | : | >
| O

o

=

S

o

c

o

O]

___________________________________________________

Mechanical Eng.
Electrical Eng.
Metallurgy
Chemical Eng.
Biological Eng

Engineering knowledge
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Comparison between Curricula Traditional and Inverse

Education in University | Learning on Jobs

Domain-specified Deep and specialized

curriculum knowledge of adomain | \jethod of synthesis
(traditional) plus limited experience

of synthesis

General-methodical | S€neéral method of

: synthesis plus basic Deep and specialized
curriculum : :
: knowledge of multiple knowledge of a domain
(inverse) :
domains
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Domain-specific knowledge in engineering

( Factual laws )

Abstract world

Cognitive cone

EleC.eng Chem_eng

Engineering theory@ Views
Bio.eng
Domain-specific
knowledge of
Mech.eng
Real world
) ! 25

Diversification of views




Domain-independent knowledge in engineering

( method of synthesis)

Abstract world

&

Domain-independent
method for synthesis

Elec.eng Chem.eng

Engineering theory Views

—

Mech.eng - Bio.eng

<

Real world 26




A curriculum
named
“Flames”
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