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Institutional Innovation

1.Basic Concept of Institutional Innovation

1.1 Basic Concept
1.2 Three Dimensional Structure of Institutional Sgtems

1.3 Co-evolution between Innovation and Institutional §stems
1.4 Success and Failure of Institutional Innovatio

1.5 Sources of Failure

1.6 Sources of Success

2. New Stream for Institutional Innovation



1.1 Basic Concept

1.1.1 Chronology of Key Concepts and Discipline
1. T Nature can be managed only by following (F. Bacon, 1600)
. I'Creative Destruction] (J. Schumpeter, 1942)
. I Economic Biology rather than Economic Mechanics (A. Marshall, 1948)

. lInduced Bias in Innovation and the Theory of Distribution] (C. Kennedy, 1964)

2
3
4
5. Tlinduced Innovation: Technology, Institutions and D&elopment] (H. Binswanger and V. Ruttan, 1978)

6. IRole of Institutional Systen] (D.C. Norm, 1994

7. Techno-metabolisml (C. Watanabe, 1997)

8. Tlnstitutional Elasticity ] (C. Watanabe and C. Griffy-Brown, 2000)

9. TCo-evolution of Technology Impacting Society and Industry (c. watanabe and IIASA, 2000)
10. I'Co-adaptation and Co-evolution] (G.G. Marten, 2001)
11. Tnstitutional Innovation ] (V. Ruttan, 2001)
12. IResilience as a Source of Survival Strategy(C. Watanabe and M. Kishioka, 2002)

13. 'Co-evolutionary Dynamism between Innovation and Institutiong (SIMOT, Tokyo-tech, 2004)



1.1.2 Key Concepts

(1) Resilience

The ability of an ecosystem or social system to ctimue functioning despite
occasional and severe disturbang&.G. Marten, 2001)

The capability of sustained body to recover from oadjust smoothly to
external changes, shocks or crisgs. watanabe and M. Kishioka, 2002)

(2) Cc-evolution
Co-existencgexisting together),
Co-adaptation (fitting together),
Co-evolution (changing together)

(G.G.Marten, 2001)



(3) The significant role ofco-evolutionin complex circumstances
- Comparing an ecosystem and TV se@tarten, 2001)

1. Both systems are similar in incorporating a selection of arts that function together.

2. ATV has a large number of electronic components, each presely suited to the other
components in the set.

3. There are, however, some important differences betweemacosystenand TV sets.
An ecosystemhas a higher level of redundancy than TV sets, and this gives greater
reliability and resilience.

4. Because TV sets are designed to be constructed as econaihcas possible, there is
only one component for every function.

5. Each important function in an ecosystems normally performed by several different
species.

6. An ecosystenand TV sets are different in another important way. The biological
components of themselves complex adaptive systems with tability to change as
circumstance demands.

7. In contrast to TV sets, an ecosystem, depending upon what happening at a particular
time, plants and animals can change the way in which they intact with other species



1.1 Institutional Systems
(1) Definition of Institutions (wikipedia)

(i) Institutions are structures and mechanisms of social order and coopaion
governing the behavior of set of individualsithin a given human collectively.

(i) Institutions are identified with a social purpose and performancgranscending
individual human lives and intensions and with the making and enforcing of
rules governing cooperative human behavior

(i) The term “institution” is commonly applied to customs and behavior patterns
iImportant to society, as well as tcparticular formal organizations of
government and public service

(iv) Asstructures and mechanisms of social order among huams institutions are
one of the practical objects of study in the sociaciences, includingociology,
political science and economics

(v) Institutions are central concern forlaw, the formal mechanism forpolitical
rule-making and enforcement

(vi) The creation and evolution of institutions isa primary topic for history



(2) Fundamental Viewpoints of SIMOT (Science of Institutional MOT)

1) Basic Understanding

Emergence of innovation is critically dependent oithe co-evolutionary
dynamism (a mutually inspiring virtuous cycleyith institutional systems
(similar to soll in that they cultivate emerginghovation)which are realized by
means of a three-dimensional system consisting of

(1) National Strategy and Socio-Economic System,
(i) Entrepreneurial Organization and Culture, and

(ii1) Historical Perspectives.



2) Three Dimensional Structure of Institutional Sysems

Institutional systems are similar to soil in that they cultiwaterging innovation realized by means of 3 dimensional system.

1. National strategy and socio - economic system

(3.1 Geographical structure

3.1.1 Geopolitical environment

~
3.1.2 Population

3.1.3 Homogeneous/Heterogeneous, Gini index

3.2 Culture and Tradition
3.2.1 Culture, Custom and Common idea
3.2.2 National spirit, Moral ethic, Manners and Cusoms
3.2.3 Religion
3.3 State of development
3.3.1 Rapid economic growth
3.3.2 Mature econom
3.3.3 Diminishing population and Aging trend
3.4 Paradigm and phase of industrial society
iety

3.4.1 Indust . society, Inform. society, Post- inforn

3.4.2 Heavy and chemical industrial struct
~ 3.4.3 Knowledge- intensified industri

3. Historical perspectives

National strategy and
socio- economic system

\ Entrepreneurial
organization and
Historical perspectiveF/

culture
3 Dimensions of Institutions

A/ 1.1 National strategy

1.1.1 Democracy
1.1.2 Constitution, Law, Regulation, Standard, Maner

1.1.3 Separation of the three powers of
Administration, Legislation and Judicature

1.2 Social system
1. 2.1 Education system
1.2.2 Employment system
1.2.3 Infrastructure investment

1.3 Economic system
1.3.1 GDP and GDP per capita
1.3.2 Trade- based nation, Export and Import
— 1.3.3 Tecl- based nation, ICT and GovernmerthC'I

Qlactors)

_/

2. Entrepreneurial organization and culture

4 2.1 Strategy and Business model
2.1.1 Vision and Business strategy
2.1.2 Business model and Market policy

2.1.3R&D and ICT

2.2.1 Appointment
2.2.2 Promotion
2.2.3 Training

Source: Watanabe and Zhao e{(2006).

2.3 Structure
2.3.1 Entrepreneurial organization
2.3.2Affiliated firms
2.3.3 Foreign capital

@aca

2.2 Employment, Promotion and Training 2.4 Doctrine, Philosophy and Ethics
2.4.1 Business doctrine and Culture
2.4.2 Philosophy and Ethics

2.4.3 Corporate governance




3) Co-evolution between Innovation and InstitutionaSystems

Co-evolutionary dynamism between jnnovation and institutional systemsss/ddor an innoyation driven economy.
yay It may stagnate |P ly a (1 mmuy y

institutional systems cannot adapt to evolvingt i

Sow the seeds of technology + MOT (nutrition)

MOjI' in inﬁtitution
- - o ™ .
Non-adaptive - Adaptive

Driving force of innovation

MOT
(nutrition)
: ‘\ " Elucidation of co-evolutionary.
Growth P el '

(Conceptualize and operationalise )

Institutions (Soil)

Institution ('soil) are also improved and evolved
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(3) Postulate of SIMOT

1.

Japan’s system of Management of Technology (MOT) digenously
iIncorporates explicit function which induces this o-evolutionary
dynamism.

. However, it changed to an opposite in the very lastecade of the last

century.

. This can be attributed to a conflict of the co-evaltionary dynamism due

to the organizational inertia of the success stomn the growth economy in
an industrial society binding the two axes of thenistitutions (ational strategy and
socio-economic system, as well as entrepreneurial organization andtate) while historical perspectives
has shifted to mature economy in an information saoety.

Although Japan’s dynamism shifted to the oppositeni the 1990s,
resulting in a lost decade, a swell of reactivatioamerged in the early
2000s.

. This can largely be attributed to hybrid managemenfusing the “East”

(indigenous strength)and the “West” (lessons from an IT driven new economy).

11



(4) What has Learned

1. The co-evolutionary dynamism between innovationiasttutional systems is
decisive for an innovation-driven economy. Rise falidof the Japanese economy
over the last 3 decades can be attributed to theetence of the co-evolution and
disengagement between innovation and institutisystems as illustrated in the
Figure.
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. Successful co-evolution in an industrial societynignufacturing
technology substitution for labor and energy legdmhigh-technology
miracle changed to disengagement in an informasomnety in the 1990s
resulting in the lost decade.

. Noteworthy surge in new innovation in leading edg#vities in certain
high-technology firms can be attributedth@ hybrid management of
technology by fusing indigenous strength developead an industrial
society (“East”) and the effects of learning of theglobal best
practice in an information society (“West”).

. This surge suggests a possibility of reactivatibdiapan’s system of
MOT leading to revitalizing its economy. This camdnabled by
constructing a virtuous cycle with vitalized woddonomy.

In addition, the foregoing surge suggests a significancéhefhybrid
system in a global context aiming at fusing indigenous sjitenand
learning from partners with comparative advantage in cefialds.

13



Hybrid Management - Fuses East and West

1. Japan is emerging from years of sluggish growth.
2. Its firms appear to have produced something.
3. Management method that incorporatesessons from US firmswhile preserving the practices that once

made Japanese firms famous.

International Herald Tribune
Thursday, August 31, 2006

Made in corporate Japan:
New approach to business

Hybrid management

fuses east and west
by Patrick L. Smith

TOKYO: Now that Japan is emerging
from years of sluggish growth, its cor-
porations appear to have produced
something few executives or analysts
expected even a few years ago: a man-
agement method that incorporates les-
sons from American companies while
preserving the practices that once
made Japanese companies famous.

Even a few years ago, it was widely
expected that recession and the mount-
ing pressures of global competition
would force corporate Japan to sur-
render such traditions as loyalty to em-
ployees and suppliers, responsibility to
stakeholders and the like. Prominent
analysts in the Tokyo offices of firms
like Goldman Sachs and Merrill Lynch
were among the most enthusiastic ex-
ponents of this view.

But a funny thing happened on the
way to the Japanese recovery. What
was almost universally written off as
Japan’s “lost decade" has left this na-
tion’s leading companies stunningly

competitive while still holding to the
corporate ethos for which they have
long been known.

“A lost decade? Nonsense. A painful
transition? Yes,” said James Abegglen,
chairman of the Asia Advisory Service
and an expert on Japanese corporate or-
ﬁ:mza' tion. “Companies have done what

d to be done to redesign themselves.
They've retained basic values while
changing what had to be changed.”

With Japan now recovering, what is
emerging here is a hybrid management
strategy that is partly Japanese and
partly Western, or a kind of “third way”
in the corner office. Executives, man-
agement experts and consultants say
this is producing a reinvigorated corpo-
rate sector that is more focused on
primary businesses, better able to max-
imize human capital, more dedicated
to advanced technologies such as ro-
botics and second to none in cost-effec-
tiveness.

The corporate ideal as this hybrid
takes hold here is Toyota, Japan's lead-
ing auto maker. Company executives,
notably the chairman, Hiroshi Okuda,
have long been known for their cutting-
edge management methods even as

JAPAN, Continued on Page 14

VASIVASIAG

Close Fuse

Scheme of Fusion

Merge
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1.2 Three Dimensione Structure of Institutional Systems

1.2.1 Basic Structure of Institutional Systems

(1) Definition of Institutions (wikipedia)

() Institutions are structures and mechanisms of social order and coopzion
governing the behavior of set of individualsithin a given human collectively.

(i) Institutions are identified with a social purpose and performancgranscending
individual human lives and intensions and with the making and enforcing of
rules governing cooperative human behavior

(i) The term “institution” is commonly applied to customs and behavior patterns
Important to society, as well as tcparticular formal organizations of
government and public service

(iv) Asstructures and mechanisms of social order among huams, institutions are
one of the practical objects of study in the sociaciences, includingociology,
political science andeconomics

(v) Institutions are central concern forlaw, the formal mechanism forpolitical
rule-making and enforcement

(vi) The creation and evolution of institutions isa primary topic for history

15



(2) Role of Institutional Systems for Innovation

(1) Institutional systems aresimilar to soil in that they cultivate emerging
Innovation realized by means o8 dimensional system

1. National strategy and 1.1 National strategy

SOCIO ecpnomic system 1.2 Social system

1.3 Economic system

2. Entrepreneurial

3.1 Geographical structure organization and culture

3.2 Culture and tradition

Y| 2.1 Strategy and business model

el opment 2.2 Employment, Promotion and training

3.4 Paradigm and phase of society

2.3 Structure and organization

3. Historical perspectives 2.4 Doctrine, philosophy and ethics

(i) Each respective 3 dimension interacts each othavith remaining 2 dimensions
thereby, with institutional elasticity, resilience against external changesan be
maintained.

Fig. 1. Three Dimensional Structure of Institutional Systens. 16



(3) Three Dimensional Structure of Institutional Sysems

Institutional systems are similar to soil in thagy cultivate emerging innovation realized by meai3 dimensional system.

1. National strategy and socio - economic system

A (~ 1.1 National strategy ™
(31 Geographical structure N 1.1.1 Democracy
. . 1.1.2 Constitution, Law, Regulation, Standard, Maner
3.1.1 Geopolitical environment
. 1.1.3 Separation of the three powers of
3.1.2 Population Administration, Legislation and Judicature
3.1.3 Homogeneous/Heterogeneous, Gini index 1.2 Social system

1. 2.1 Education system
1.2.2 Employment system
1.2.3 Infrastructure investment

1.3 Economic system

1.3.1 GDP and GDP per capita
1.3.2 Trade- based nation, Export and Import
\— 1.3.3 Tech- based nation, ICT and Governme‘tICT _/

3.2 Culture and Tradition
3.2.1 Culture, Custom and Common idea
3.2.2 National spirit, Moral ethic, Manners and Cusoms
3.2.3 Religion
3.3 State of development
3.3.1 Rapid economic growth
3.3.2 Mature economy

3.3.3 Diminishing population and Aging trend . ) )
3.4 Paradigm and phase of industrial society 2. Entrepreneurial organization and culture
3.4.1 Indust . society, Inform. society, Post- inforn iety ~ ~
3.4.2 Heavy and chemical industrial struc 2.1 Strategy and Business model 2.3 Structure
\ 3.4.3 Knowledge- intensified industri Fucture _/ 2.1.1 Vision and Business strategy 2.3.1 Entrepreneurial organization
2.1.2 Business model and Market policy 2.3.2Affiliated firms
3. Historical perspectives 2.1.3R&D and ICT 2.3.3 Foreign capital
R ———— 2.2 Employment, Promotion and Training 2.4 Doctrine, Philosophy and Ethics
socio- econormic system 2.2.1 Appointment 2.4.1 Business doctrine and Culture

\ 2.2.2 Promotion 2.4.2 Philosophy and Ethics
Entrepreneurial 2.2.3 Training 2.4.3 Corporate governance
organization and \_ _J
SL/ culture

Historical perspective
3 Dimensions of Institutions Source: Watanabe and Zhao ef(2006).

Fig. 2. Composition of Three Dimensional Structure of Instifitional Systems.




(4) Socic-cultural Systems Enabled Japan’s Technology Assination

1. Socio-cultural foundation cultivated through theEdo period (1603-1867)

2 Homogeneity of the natioAHigh educational levef,Regional technology exchangeictive information flow by “Sankin Kotai”

[Cultural elasticity, Adopt and internalize ability, Pragmatism ]

2. Flood of western civilization and cultureriggered by
* Unexpected call by the US vessel in 1853 Meiji Restoration in 1868

3. Japan’s basic policy against the flood

Introduce and adopt a new civilization while being based its select
a Examination of traditional values, customs and institutions previously thoughtg¢abaolute value,
b Objective appreciation of the excellence of western civilization and edttoim efficiency/higher quality of life view

4. Meiji Government’s (1868-1912)policy
(1) Nat. targets/principle 2 Japanese spirit and western learniggcrease ind. prodWealth and military
(2) Policies:
(i) Cultivating Japanese spirit2 Educational systemd,Moral ethic
(i) Western learning 2 Literature,” Advisers,© Model factoriesd Advanced machinery,Sending youth

Introd., adopt., assimilat. and develop. of western tech. leetively
into Japanese social and cultural system without spoiling indi culture

18
Fig. 3. Socio-cultural Systems Enabled Japan’s Smooth and Effective Tecblogy Assimilation.



(5) Foundation of Japan’s Economic Development aftéV\W 1II

1. Free trade system
2. Stable exchange rate

Grave Situation— Stiff repulsive power

3. Cheap and stable energy supply (External shocks and crises)

: : (Social mobility
1. High level of education Fair income distribution

High quality used demand
CCompetitive nature of the society

2. Diligence/commitment o6 Toc, cwoc
of workers/manager: | Active improve imported tec

3. Highly organized
systems and customs [Gaining consensus and trust

(1) Seniority system Smooth assimilation
(2) Life time employment
(3) Enterprise unions

. Long-term consideration
4. En“ghtened manage- Active and flexible approach

|
|

J

ment strategy Dependency on Government polic

Severe competition

User demand for high
quality

Active inter- industry
stimulation

Mutual stimulation
between dynamic
change in industrial
structure and R&D

Political stability (1955-1993-2009)
Successive trends in catch-up and growt{1945-1990)_

Fig. 4. Foundation of Japan’s Economic Development after World Warll .
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Abe issues party rallying cry

By Jonathan Soble in Tokyo

| Shinze Abe, Japan's prime

| mimister, exhorted

his tri-
umphant Liberal Demo.
cratic  party vesterday io
rally behind his pians for
economic reform, a day

! aftér the LDP took full con-

Ciral ol - parhament

in a

| Sweeping victory in ) upper

house elections.
*if we go back o being
the old LDP that flees from

¢ yeform, we' will immediately

| lose

the frust of the

| mation,” Mr Abe said at a

| mews

conference. - at the

| party’s headauarters: “We
ran no longer blame . the
| opposiiion and use & hung
| parlsenent- az an  eXcuSe:
i The stern gaze of the Japa-

| Howze
| puttimg, the

nese poople will be’ en the
LD

On Sunday, voters gave
the party and its smaller
partnier, Komeito, enough
seats for a majority in the
of Couneillors,
coalition  in

charge of both chambers of
parbament for the frst time
ginee 2007,

Many analyets believe Mr
Abe's biggest challenegs now
will be convincing members
of his own often Practicus
party to support kis plans
for freer trade and deregitla:
ticy, -as well as 5. planmed
increase i the national
zales fax, known as the con-
sumption tax, that is
desirned to address Japan's
huge pablic debi.

“There iz:a need to moni-
tor the emergence of ‘0ppo-
gition  parties within the
ruling camp’,” said Kyohei
Morita, an apaivst at Bar-
clays Capital. “In relaiion
to the consumption tax, for
example, ‘some LBP law-
makers have already taken
an Cexplicitly  eauntions
stanes, which could lead to
internal splits™

A significant . number of
LDP parliamentarians,
many representing  raral
districts, are also unhappy

21 July 2013

ahout Mr Ahe's decision to
pursge membership in the
US-ded Trans-Pacific  Part-
nership trade bicc, for fear
that Japan will be forced to
lower - tariflfs - on  imported
farm products.

More than 200 LDP legis-
lators! from both chambers
of parlisment - 8 majority
of the total - are members
of a party subgroup whose
ariginal name translated to

“group demanding. nymedi-
ate withdrawal from TPP
negotistions".

Ot of deference to Mr
Abe, it changed its 1the to
“group to proteci  the
national interest in TFPF
negotiations” after the pre-
mier committed Japan to
joming talks i Maveh, bt
its aversion to the proposed
trade deal remains.

Mr Abe, who advocaies

Japan House of Councillors

{upper house ) composition

Seats

Yourparty (18) ____ (thers — Konseita

(13

Democratic Parfy of

Japan:coalitson | Liberal
- Democratic

Jagan Cornunist party

party (1Y

Soorce: tapan oierstry o imlnfmal affaics and commentoations

role  for

expanded
Japan's military and eon-
gervative  cultural  changes
such as ‘a more patriotic

an

school owricalum, was
explicit in linking. an
upturn in Japan's econormy
with what he kopes will be
a broader Eind of national
revival

“Economics is the source
of national power, Without
a SiT0iE ecOnemy, wWe Cal-
nof have diplomatic fnflu-
ence or dependable social
sppuritv,” he said. “T want
o make Japan's presence
felt o the world.”

541, he resteraied &
pledee he made on election
day that he would focus on
the ecomomy and defer for
now his most cenboversial
ambition - to revise the lib-
eral, anti-war copstitution
imposed by the US after the
zecond world war.

To dothat, e would need
a two-thirds: majority in
bioth houses of parBiament,
something he still dees not

FiINANCIAL TIMES TUESDAY JULY 233013

have even after Sunday's
victory:

“Even to propose a pevi
sion: reguires two-thirds of
the legisiature, so oven if
we wanted tc move for-
ward, Wwe can't,” he said
TPolitice i about what is
achievable and realistic”

In his speech, the prime
minister fouched on the
personal nature of the vic
tory.

It was under Mr Abe's
first and fleeting steward-
ship back in 2007 that the
LPP lost  conirol of the
upper house,

That defeat marked the
heginning of several years
of pariy instability that
included in 2004 itz second
ever general ‘slectioh defeat
gince it was established in
1955.

“I was the ope: who
caused the split in parlis-
ment in the first place,”™ Mr
Ahe gaid
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1.2.2 Institutional Elasticity

1980s 1990s
Paradigm Industrial society Information society
Core technology Manufacturing technology IT
Key features Given, To be formed during the course of
Provided by suppliers interaction with institutions
Actors responsiblér Individual firms/organizations Institutions as a whole
features formation Optimization Standardization
System structure
ineffective ineffective
effective % effective
\2 Qg
Japanese institutional systems US institutional systems
*Homogeneous *Heterogeneous
eIndividual language «Standardized language
*Supplier oriented *Customer oriented
*Highly stable *Entrepreneurial
*Operational efficiency «Strategy
«Growth (Pursuit of market share) +Profitability (Return on investment)
«Attempts to leverage both cost and quality +Often choose between cost and quality
advantages advantages
*Consensus based decision-making Firm eIndividualized decision-making process

processes
*Partially integrated systems

level *Focus on fully integrated IS

Fig. 5. Cquarison of Institutional Elasticity between Japan agh the US in the Paradigm 23
Shift from an Industrial Society to an Information Society.



1.2.3 Horizontal and Vertical Interacting Structure

(i) Institutions incorporates both horizontal and vertical interacting structure.

(i) This structure leads to institutions’ co-evolutionary nature with interacting partners.

Horizontal interaction

Input

Innovation generation Cyele

Machinerv

~ Qutput

Resources
n

innovation

Generation

=)

of innovation

=)

Induce fyrther

innovation

Emerging
Innovation to

market

Ré&D policy system

Improve institutional

Economic Natural

environment environment

Social/cultural environment

Institutional Systems

Vertical interaction

World level

National level

Regional level
Industry/Sector leve

Firm/Acad./Res.
Consumers-—Inst. level

Innovators\ Specific Tech.
Inventors

Coevolution between
hieralchy

»

»

Invention becomesnnovation when the invention
becomes a commercial product, which in turn becaanes
successful product whexnsumersbuy it in the market.

Fig. 6. Scheme of Institutional Systems for Innovation. Fig. 7. Vertical Interaction of Institutions.
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1.2.4 Global Technopreneurial Strategy in High R&D Profile Firms

Canon Mitarai initiative North America HP Diversification
Globalization
Transformability

Shin-Etsu Kanagawanitiative North America ShintechNew business
Agility
Globalization

Toyota Okudainitiative North America GV Self-exam.
Improvement
Globalizatior
[:> .(?elgﬁﬁlo 1. Fighting \_/vith_ the Wo_rld strongest partner |
_preneurial 2. Challe_nglng mnovaﬂc_m from the_global perspectna.l
Strategy 3. Learning and absorbing by inspiring competitors
4. Preserving advantageous practicgs.g. employment, close ties to suppliers)
5. Fusing indigenous strength and lessons from leamng
6. Thorough understanding of the indepth institutiors of the partner

Fig. 9. Global Technolopreneurial Strategy in High R&D Profitade Firms.
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1.2.5 Japan’s System in Transforming External Crises into a
Springboard for New Innovation

(i) Japan has constructed a sophisticated co-evolahary dynamism between
iInnovation and institutional systems bytransforming external crises into a
springboard for new innovation.

(i) This can largely be attributed to the unique tatures of the nation such as

a. Having a strong motivation to overcoming fear baed onxenophobig,

b. Uncertainty avoidance and

c. Abundant curiosity, assimilationproficiency, thoroughness in learning
and absorption.

Xenophobiais defined as the "hatred or fear of foreignerstangers or of their politics or culture".lt comes
from the Greek word&voc (xeno3, meaning "stranger," "foreigner" apdpoc (phobo3, meaning "fear."

26



1.2.6 Inducing Mechanisn

Chain Reaction of the vitality of industry

Asive
vitality

Policy system

Grave situation \

- Crisis and external sho .

Iiddatton

1. Vision
2. Action

Incentive

1. Energy crisis Strong : ;
2. Yen's appreciation potential Stimulation
( desire for Regulation

active R&D 3. Dissemination

conomic environmen

1 Severe 2 User demand 3 Active inter industry 4. Mutual stimula

competition for high quality ~ stimulation between industry
structural change
and R&D

Social & cultural foundation

- 1. Highlevel education  2.Worker's diligence  3.Highly organized 4. Enlightened
N systems & customs  management <
— strategy

Institutional base

Rich in curiosity, smart in assimilation, thoroughin learning and absorption
Xenophobia, and uncertainty avoidance

Japan’s institutional systems are
characterized by the institutional
base and the corresponding
social and cultural foundation
together with economic
environment.

There exists a strong potential
desire for active R&D similar to
oxygen rich atmosphere in a
chemical reaction sensitive to
grave situation derived from
xenophobia and uncertainty
avoidance

Grave situation acts as induction
to which policy system reacts
timely as ignition inducing
explosive vitality leading t

chain reaction.

This chain reaction leveraged
Japan’s notable technology
substitution for energy against
the energy crises in the 1970s.

This was supported by the
preceding endeavor against the
labor shortage in the 1960s and
corresponding innovation in
automation and labor saving.

Fig. 10. Scheme of the Mechanism for Inducing Industry’s Vigorous R&D Activities in Japan. 2/



1.2.7 Hofstede’s Cultural Dimensions of the Nations

Geert Hofstede anlyzed a large data base of enphgieies scores collected by IBM between 1967 &73 1
covering more than 70 countries (G. Hofstede, Ce#tand Organizations, McGraw-Hill Internationadnidon, 1991)

(1) Cultural Dimensions of 6 Nations.
1. Japardemonstrates highest the highest
2. Ching together with Japan, demonstrates the highesi
3. Singaporesimilar to China, Indonesia and India, demonsfrdhe highest

4.US demonstrates the highest

(UAI) and

(MAS: distribution of roles between genders

(PDI: Power and inequalit

Singapore
]
g

FOI 1o hAS Al LTO

1o MAS LAl LTO

Indonesia

1] ™ 5
@2003'5igmaTwa Group oom ™
FOI o MAS LAl

=2003° E':ig; rria Tut o G| i:- 0T

1o MAS LAl LTO




(2) Institutional Structure in 20 Nations by Cultural Dimension

Figures in red indicate Net Work Readiness Indekiray in 2011

P: Power distance
China, India,
Singapore, France

I: Individualism

US/Europe, Australia,
New Zealand

M: Masculinity

Japan, Switzerland,
Italy. Germany, China

U: Uncertainty avoidance

Japan, France, Korea,
Italy, Taiwan

HE Long term orientation
China, Taiwan, Japan,
Korea

Sweden Finland Denmark Netherland Norway
1 3 4 80 6 7
71 & ko
63
59
sl tshobn [l mtle) Gl lwebel Gl metClae] (il te )
P I MUL Pl MUL PIMUL P IM UL PIMUL
USA Canada UK New Zealand Australia
91 8 9 89 10 14 90 17
80 -
% ] 66 61
40 a6 207 [(39] 52[ag 3s| | lasios] [zl [%8l4e3g Bel | I5ilEm
PI MUL PIM UL PIMUL PI MUL P11 MUL
Switzerland Germany Japan France Italy
5 16 o5 18 23 48
92 36 -

80 76 ]
es| 70 67 ﬁg 68 /! 70 |7
el | ”[s0] 55 a] [l B[] O m

PI MUL PIM UL PIMUL PI MUL P11 MUL
Singapore Taiwan Korea China us| India

2 115, 12 51 69

85 80 77
74 75
69
w8 60 66 alse |61
2048 )? TR 18 39 Ty 40

PI MUL PIMUL PIMUL Pl MU L P I MUL
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Power Distance Index (PDl)that is the extent to which the less powerful members of organizations and insst(ike the family)
accept and expect that power is distributed unequally. This represents ityg@ualie versus less), but defined from below, not from above.
It suggests that a society's level of inequality is endorsed by the followarsiel as by the leaders. Power and inequality, of course, are
extremely fundamental facts of any society and anybody with somenattenal experience will be aware that 'all societies are unequal, but
some are more unequal than others'.

Individualism (IDV) on the one side versus its opposite, collectivism, that is the degree to wiliefduals are inte-grated into groups.

On the individualist side we find societies in which the ties between iddals are loose: everyone is expected to look after him/herself and
his/her immediate family. On the collectivist side, we find socgetiewhich people from birth onwards are integrated into strong, cohesive
in-groups, often extended families (with uncles, aunts and grandparentd) wdmtinue protecting them in exchange for unquestioning
loyalty. The word 'collectivism' in this sense has no political meanimgfers to the group, not to the state. Again, the issue addressed by this
dimension is an extremely fundamental one, regarding all societies in the.worl

Masculinity (MAS) versus its opposite, femininity, refers to the distribution of roles betwe genders which is another fundamental
issue for any society to which a range of solutions are found. The IBM studies eevibat (a) women's values differ less among societies
than men's values; (b) men's values from one country to another contain a @imé&asn very assertive and competitive and maximally
different from women's values on the one side, to modest and caring and sondamen's values on the other. The assertive pole has been
callec 'masculine anc the modesi caring pole ‘feminine. The womer in feminine countrie: have the same modest caring valuet as the mer;

in the masculine countries they are somewhat assertive and compdiitivept as much as the men, so that these countries show a gap
between men's values and women's values.

Uncertainty Avoidance Index (UAI) deals with a society's tolerance for uncertainty and ambiguity; it utéimaefers to man's
search for Truth. It indicates to what extent a culture programs its menbeeel either uncomfortable or comfortable in unstructured
situations. Unstructured situations are novel, unknown, surprising, differemt dsual. Uncertainty avoiding cultures try to minimize the
possibility of such situations by strict laws and rules, safety andrgganeasures, and on the philosophical and religious level by a belief in
absolute Truth; 'there can only be one Truth and we have it'. People in ungeaainding countries are also more emotional, and motivated
by inner nervous energy. The opposite type, uncertainty accepting cultigeapag tolerant of opinions different from what they are used to;
they try to have as few rules as possible, and on the philosophical and religiolthkyare relativist and allow many currents to flow side
by side. People within these cultures are more phlegmatic and contemplativegtaexpected by their environment to express emotions.

Long-Term Orientation (LTO) versus short-term orientation: this fifth dimension was found in a study amumfrss in 23
countries around the world, using a questionnaire designed by Chinese scholarbédtad to deal with Virtue regardless of Truth. Values
associated with Long Term Orientation are thrift and perseveranceevassociated with Short Term Orientation are respect for tradition
fulfilling social obligations, and protecting one's 'face'. Both the pedit and the negatively rated values of this dimension are found in the
teachings of Confucius, the most influential Chinese philosopher who lived around %0 H®dwever, the dimension also applies to
countries without a Confucian heritage. 30



1.2.8 Japan’s Assimilation Proficiency, Thoroughnesin Learnlng and Absorptlon
- Battle of Nagashino(1575)

e —

With learning Without learning

|
)

e

b e o™

[t e

Japan S import of Gumom Portuguese (1543)> Battle of Nagashlna575)

Only 30 years learning changed Japan’s history.
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1.2.9 Bi-polarization of Technopreneurial Trajectory due to Learning

= A Case Of EleCtncal MaCh|nery 1. Japan’s leading electrical machinery
G 5 G A firms demonstrate bi-polarization in
. rou rou their technopreneurial trajectories.
Group B (No-learning: NIH) z 2 D P :
— ds 2. Virtuous cycle irGroupA between
o I QT MAI 7B g7 4 OIS andMPT, while vicious inGroupB.
13 | MAI Matsushita ps HLI y
T s e —— Group A (Intensive Learning
16 FLT Fujitsu g 1 CAN Canon
17 | MTE Mitsubishi E > =T Sharp
18 TDK TDK o -
=) 3 RIC Ricoh
19 @K Tokyo Electron 3
E 4 FAN Fanuc
060 © 5 SEI Seiko Epson
L OIS (2004-2007)n 19 firms cEn
ot = , 6 SAY Sanyt
040 1 = 7 SON Sony
o | a a i \F 8 MUR Murata
0% | y R4 y[° ROM Rohm
| Vs 0.047 Operating Income to Sales@IS) | X | <Y€ [ 'yocera
" gzpiisrresatzzbaizg O 1| REY Keyence

Fig. 11. Technoprenurial Positions of 19 Electrical Machineryrirms (2001-2004).

Firms technology progre$8 depends on the ratios of (i) R&D and operating meX and (i) operating income and saks
W = F (X, Y) Taylor expansion to the secondary terimW =a + b InX + c InY + d InX-InY (a, b, ¢, d coefficients
InW, InX, InY — growth rate of 7FP, R/Ol (R&D expenditure to Ol, OI/S (operating income to sales)

BTEP aanRuc@ g Rl oy LR GR = S ,, 4,0
TFP Ol S Ol S Ol /R R S S oT Ol/S S 32




1.3 Co-evolution between Innovation and Institutioal Systems
1.3.1 Basic Concept of Co-evolution

(1) Definition of Co-evolution
1) Biological Co-evolutionwikipedia)
(i) The change of a biological object triggered by the change of a adé¢d object.

(i) Each party in a coevolutionary relationship exerts selective pressures on tlwther, thereby
affecting each others’ evolution.

(i) Two or more speciedhaving a close ecological relationship evolve together such that one
specie adapt to the changes of the other, thereby affecting each ottseeevolution.

2) Ecosystem Concepvarten)
(i) Co-existence existing together

(i) Co-adaptation fitting together
(i) Co-evolution  changing together

3) MOT Concept (watanabe)
(i) Constructing a mutually inspiring virtuous cycle.

(i) In that innovation improves institutional systems, whid in turn induce further innéation.
33



(2) Examples of Co-evolution
1) Biology (sources: Google)

() Yucca moths and yucca plants
1.Yucca flowers are a certain shape
so only that tiny moth can pollinate /
them.
2. The moths lay their eggs in the yucca
flowers and the larvae (caterpillars) 4
live in the developing ovary and eat L &
yucca seeds.
(i) Acacia ants and acacia trees
1. Acacias are small, Central American trees in
f the Leguminosae.
Sol @ 2. They have large, hollow thorns. The acacia
ants live in the thorns. On the tips of its
leaflets, the plant makes a substance used by
the ants as food.

3. The ants defend the tree from herbivores by
attacking/stinging any animal that even
accidentally brushes up against the plant.

4. The ants also prune off seedlings of any
other plants that sprout under “their” tree 34

b | L
-.}"'*fl':i.s. b B i.ﬂ?i




(i) Plants and animals

1. Many plants depend on animals to spread
their pollen.

2. This is a mutualistic relationship where the
plant and the pollinator benefit each other.

3. The plant expends less energy on pollen
production and instead produces showy flower
nectar, and/or odors.

4. Some plants/flowers are more general, while
others are more specific.

= (iv) Regular part of the life activities

1. For pollination to work, to be effective, a relationship mus
be established between the pollinator and the blossom to be
pollinated, involving: The pollinator should visit this
particular blossom regularly.

2. These visits (whatever the cause) shoutdnstitute a
regular part of the life activities of the animal.

3. The visitor must perform or at least try to perform certain

tasks that are tied in with the structure and function ofthe
blossom. 35




2) Economy
() R&D — Economic growth — Further R&D

(i) Medicare — Increase life expectancy— Increase consumption— Economic growth
—— Further medicare

(iif) Suburbs rail development —  Suburbs develapent — Increase passengers

(iv) Global technology spillover

DONOR HOST
Stimulate GDP increase
[ —————2=| SED |
| | Induce interaction
| : Improve AC | Effects of TSO
I H

! Flowof TSO
. —» Assimilation
—_— capacity (AC

Activate interaction

I
. , I
Stimulate GDP increas
[ SED j——————

SED: Socio economic development ; TSO :Technological spillover8C: Assimilation capacity
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3) Innovation - Self-propagating Functionality Development in IT

In mobile driven innovation, new functionality emerged in a self-propagating wayin a process of
diffusion, not at development stage, as frortalk to see see & talk take a picture payand watch

Self-propagating mechanism

Diffusion of IT Cr—
Functionality
development l
One-seg Interaction with
Music distributio institutional
system
Network externality

Functionality
development

Enhancement of carrying capacity)

Acceleration and advancement

of IT diffusion
1968 1980 1999 2001 2003 2005 |

Interaction

Talk -~ See- See & talk— Take a picture- Pay —» Watch

Self-propagating Dynamism in Functionality Developnent of Japan’s Mobile Phones.

FD (Functionality
development): Ability to
improve performance of
production processes,
goods and services by
means of innovation.
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1.3.2 Enablers for Co-evolution
(1) Japan’s Indigenous Strength{1980s)

(i) Japan’s system of Management of Technology (MOThdigenously incorporates explicit
function which induces co-evolutionary dynamism bétween innovation andstitutions.

(ii) Its sophisticated co-evo‘utionary dynamism etweefn innovation aﬁnstitutg?nal systems
g]xglé}ﬁ%n&% external crises’into a springboard for new innovatn enabled this

(i) This can largely be attributed to the unique features oftte nation such as

a. Having a strong motivation toovercoming fearbased onxenophobig
b. Uncertainty avoidanceg and

c. Abundant curiosity, assimilation proficiency, thoroughnessn learning
and absorption.

(2) Hybrid Management of Technology Fusing East an&lVest (early 20003

(i) Although Japan’s dynamism shifted to the opposite in the 1990 sulting in
a lost decade, a swell of reactivation emerged in the early 2000s.

(i) This can largely be attributed tohybrid managementfusing the “East” (indigenous
strength and the “West” (lessons from an IT driven new econoy

(3) From Cooperation to Coopetition(Cooperation and Competition)
and to Actipetition (Activate and Competition)



Actual GDP per capita growth in the OECD area, 1999¢

1.3.3 Impediments to Co-evolution
- Systems Conflict in a Paradigm Change to an Information Society

(1) Inefficiency In IT Innovation and Its Utilizati on

9.0
8.0
7.0
6.0
5.0
4.0
3.C
2.0
1.0
0.0

Network Expansion and GDP Growth(1995-1999).

a Korea, Czech Republic, Hungary, Mexico, and Rblaere excluded from the analysis

r o lreland
| y=017%- 0643+ 427D  adjR’ 0657
(310 069 (449 DW 151
r ¢ Poland
‘leand
L 4 |Luxembourg |celand
Hungary
Australia Mexice
B Greeo . 3
Sweden ¢
France® ¥
i Denmark Canada * Austria
| ‘Germany Wlukey = o switzerland * ay
NewZealantj ¢ Japan +Czech Republic
| | |
12 14 16 18 20 22 24 26

Network expansion (fixed network, cellular mobifieernet hosts weighted by usage) CAGR%6, 1995-

1999

since these countries joined OECD relatively rdgent

b D in regression indicates dummy variables: Irélarl, other countries = 0.

¢ Figures in parentheses indicate t-value.

Sources: Reproduced from OECD’s report on the OBZ@wth Project (OECD, (2001),

Kondo and Watanabe (2001)).

Internet Hosts (Octorber 20(

28

250

Iny=-0033%+586-234D adjR’ 0795
€493 (57737 DW 242

150 |
100
50 -

20 30 40 50 60 70 80 0 100
Average price for 20 hrs Internet access, 1995-200B$ PPP

Access Costs and Uptake of the Internet

a Korea, Czech Republic, Hungary, Mexico, and Rbiaere excluded from the
analysis since these countries joined OECD religtirezently.

b D in regression indicates dummy variables: Turkeneece, Portugal = 1, other
countries = 0.

¢ Figures in parentheses indicate t-value.

Sources: Reproduced from OECD’s report on the OBZ@wth Project (OECD
(2001), Kondo and Watanabe (2001)).
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(2) Mis-selection of Development Trajectory Optios

GDP Technology stock
V=F( X, T)

Labor, capital

Growing economy

N

Contribution to TFP growth rate

labor and capital  (technological progress) R: R&D investment
AV _ (O_V Eé)% s a: Diffusion coefficent
Vo xEk\0X VX o Vv FD: New functionality development
I\
N _.v (PLJ
oT FD

Marginal productivity of technology
Mature economy

Economic growth dependent modeDepend on V New functionality development modelStimulate FD
- Growth Oriented Trajectory - New Functionality Development initiated Trajectory

SIEURET) LR

X=L,kK ax V X V X=L,K GX V X
*
oV
ov _ 1 —=aV|1l-—
o) o=V

Development Trajectory Options. 40



(3) The Role of Institutional Elasticity for IT's Self- propagation
and Functionality Development

1) New Policy Trajectory Corresponding to the New Bradigm in an Information Society

() The systems conflict with manufacturing indushigs been experiencing in an information societylma
attributed to the structural differences betweenun&cturing technology and IT as contrasted inTéige.

(i) While shifting to an information society in tH€990s, there remains in Japan stronganizational inertia
in an industrial society in the 1980s.

(i) This inertia impedes Japan’s institutions @spond to an information society and compels toa dcious
cycle leading to institutional elasticity.

Comparison of Features between Manufacturing Techrlogy and IT

1980«

1990«

Paradigm

Core technology

1. Optimization

2. Key features formation
process

3. Fundamental nature

4. Actors responsible for
formation of features

Industrial society

Manufacturing technology

Within firms/Organizations
i. Asymmetry of information
ii. Steady change
iii. Conservation of indigenous technology

iv. Mass production
v. Stable management through non-risk seeking

Provided by suppliers

As given

Individual firms/organizations

Information society
IT

In the market

i. Decrease of asymmetric information cost
ii. Dramatic change

iii. Globalization

iv. Modularization

v. Diversification of risk

To be formed during the course of interacting
with institutions

Self-propagating

Institutions as a whole

Source: Watanabe et al. (2003).
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2) Development Trajectory and Adaptability to an Information Society

Growth economy Mature economy
Industrial society Information society
1980s 1990s
Enjoyed international Clung to the _ Impediment by the Systemsconflict with  Non-elastic ~ Non-utilization
3 competitiveness initiated— business model in an,organizational inertia— an information — institutional — of potential
apan py manufacturing industrial society in the 1980: society systems self-propagating
technology ' function of IT
v /
Clung to growth oriented mode
Switched to new functionality
development initiated model
A \
Realized the new Extensive challenge Resonance betwee Systems match with Institutional Full utilization of
USA reality as global — to competitiveness — cumulative efforts — an information — elasticity — potential
strategies and ITechnology society self-propagating

competition )
function of IT
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3) Scheme Leading Japan Losing Its Institutional Edsticity

e -1980: Paradigm shift 1990< \

Information society
Service oriented industry
Low or negative economic growth €]
Economic globalization
Catching-up targets Diversification of nations interest

\ Young vitality Matured and aging trend )

Interaction between technology and econom
1
Virtuous cycle : Vicious cycle

Institutional elasticity

Industrial society
Manufacturing industry

—> High economic growth
Domestic institutions

1
High elasticit Jagan Non-elastic and solic
. ! 1 . ..
Less elastic U.:S. High elasticity

4 L

International competitiveness
T
4{ Japan > U.S. ! U.S. > Japan J—

(i) During the period of an industrial society iaited by manufacturing industry, Japan’s domessttutions, based on
young vitality, functioned efficiently towards “adting up” target leading to high economic growth.

(i) Inthe 1990s, Japan’s economy clearly conthgteh preceding decades.

(iii) Facing a new paradigm characterized by a ghifin information society, Japan’s traditionatitosions did @& function
efficiently as they did in the preceding decades. 43



4) Decrease in Japan’s Institutional Elasticity

0.45

0.35

0.25

0.15

(Manufacturing as a whole)

0.41

0.32

1975 1978 1981 1984 1987

1990

1993

1996

0.8

0.6

0.4

0.2

0

(Electrical machinery)
0.67
0.55
0.21
1975 1978 1981 1984 1987 1990 1993 1996

Trend in Institutional Elasticity by Measuring Wages Elasticity to Labor Productivity
in Japan’s Manufacturing Industry (1975-1999.

a Institutional elasticity in terms of wage elasticity to labardurctivity (&pl,V/L) is measured by developing the following technology incorporated
CES (constant elasticity of substitution) type production function:

whereV: GPD;t: time trendL: labor, K: capital andT: technology stock

V = F(t, L(T), K(T)

_ov/LM) - R

_ainV/Lm) _ -

1

PVLTT9R V/T)  aInPR

¥

1-6

't

Lif
R

1-0

wherePl: labor prices (wagespRk capital pricespelasticity ofK(T) substitution fol.(T); andd capital distribution.
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Institutional elasticity

0.8
0.7
0.6

0.5

0.4
0.3
0.2
0.1

0

8.0

0.67

- 0.55
6.05

5.49

2.99

4 7.0
4 6.0
4 5.0
4 4.0

3.0

0.21

2.0

puewsap [eulj Jo uoneald
YnoJyl aseasdul 441

1.0

0.0

197519771979198119831985198719891991199319951997

Comparison between “TFP Increase through Creation of Final Demand” and “Institutional
Elasticity” in Japan’s Electrical Machinery (1975-1996)

1975-1986  1987-1990 1991-1996
TFP increase through creation of
final demand (% p.a.) 049 0.05 2.99
Institutional elasticity 0.55 0.67 0.21

a TFP increase through creation of final demand iasueed by contribution of exogenous shift of praduc
demand to TFP increase rate

b Institutional elasticity is measured by institu@brlasticity indicator in terms of wage elastiditylabor

productivity
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(4) Impediments by Organizational Inertia

1) Imbalance of IT Incorporation in Labor and Capital: The Source of the Decrease
In Institutional Elasticity

W
o

25

20

15

Electrical machinery

10
/ Manufacturing

1991

1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997

Trend in Imbalance of Technology Incorporation in Labor and Capital in Japan’s Manufacturing Industry
(1975-1999.

(&]
T

Imbalance of technology incorporation in labor and c

o

(1) Imbalance of technology incorporation in labor and capital is mehbyreakingl balance between lead time of technology
incorporation into labor and capital.

(i) Lead time of technology incorporation into production fagterL, K) is measured by the following equation:
o = oV /0X(T)
p+r
wherem: lead time of technology incorporation inko r: discount rate; ang: rate of obsolescence of technology.

SourcesAnnual Report on National Accounts, Monthly Labor Statistics, Cross Capital StogkaiéFEnterprises, and Annual 46
Report on Industrial Production



2) Structural Source of the Imbalance Impediments by Organization

80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.C

| 72.8
| 68.5 68.4
| 517 x: 59.0
L . 20.3 50.7 51.1 36.8
| 40.0 AN34.5
| 3.1
i 21.9 1539~ 135
6.1 11.1 5d 5 € 0.7
0.6
6-12 13-19 20-29 30-39 40-49 50-59 60-64 65-69 70-79 more
than
80

—e— PC —a— Cellular phone with Internet-a— Internet

Trends in the Diffusion of IT Goods by Age in Japar2002).

Sources: White Paper 2002 on Information and Communications in Japan, MPHPT C2008)nications Usage Trend

Survey, MPHPT (2003).

a For the penetration rate of the Internet, age 13-19 corresponds to teemajage 60-64 corresponds to age 60-69.
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1.3.4 Resonance between IT’s Self-propagating Trajectory and New
Functionality Initiated Trajectory

(1) Transition of the Role of the Organization in he Japanese Institutions:
Relationship between Individuals and Firms

- 1980s 1990s -
Free from the impediment

of the organizational inertia

Individuals >SS > Individuals
U Firms with dynamic
Close | | incorporatiol Loose \/ incorporatiol capability
_ {} (dynamic, flexible, adaptive and
Impediment of the cooperative ventures)

organizational inertia

Firms | > Firms
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(2) Resonance between Self-propagating Diffusion djectory of IT and a
New Functionality Development Initiated Trajectay

New
functionality
development
Increasing new
functionality
(Enhancing carrying capacity)
Increase in price Network Creating new  Increase in
elasticity to new externalities demand leading marginal
momentum to further productivity of

technology gaining (NE) diffusion (t) technology

X

Interactions with
institutions

Increase in

TFP and GDP 49



1.3.5 Pseudo Co-evolution
(1) Japan’s Bubble Economy

(2) Net Bubble
(3) Sub-prime Loan

(4) EMU (European Monetary Union) ?

(5) Japan’s Home Electric Appliancesin the face of Digitalization of Manufacturi

(6) Apples Business Modeh inducing customers substitution to new products with
higher prices?
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1.4 Success and Faillure of Institutional Innovation
Co-evolution and Disengagement

1.4.1 Japan’s Notable Co-evolutionary Dynamism
(1) General Postulate

(i) Japan has successfully developed a sophisticated co-evoluaondynamism between

innovation and institutional systemsoy transforming external crises into a springboard
for new innovation.

(i) This can largely be attributed to the unique institutional features of the nationas
having

a. Strong motivation toovercoming fear based on xenophobja
b. Uncertainty avoidance

c. Abundant curiosity, assimilation proficiency, andthoroughness in learning and
absorption.
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(2) Japan’s Development Pat: Crises and Transformed Innovationaoso-2012)

Industral somety Irlﬂlmain:msucﬁy Fost-utormation somety
Preductivity Fuanctionahty Solition
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1o t rilit 0212

—
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Technological and service ind.
2000s Once-in-a century crisis Hybrid management of technology (MOT) Innovation, knowledge and R&D
3882 gitlb:t![)al?clti CrisIS CSV (Creating Shared Value) Research, innovation & enterprise
2008 Lehman shock S - - :
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2011 3.11 Catastrophe P y oLy




(3) External Crises, Constraints in Production Factors Productivity Increase

External crises — Constraints in production factor — Prices increase— Productivity increase

Trends in Prices of Prod. Factors in the Japanese &hf. Ind. (1955-1997)

—Index: 1985=100. Recovery from _

WWII 1950s Capital

160 Rapid growth 1960s Labor

140 L.abor Energy crises 1973-1982 Energy

120 - Qil glut — High-tech

100 - F miracle 1983- Labor

80 - \\ s

60 - \"/\\\_§_ o "“""'“'""""""lng]noilﬁ.eiaaauFn'es‘m'"

40 Energy

20 -

195557 59 §1 63 1965 67 69 71197375 77 79 81 831985 87 89 91 1995 19€)7

16 -
14 ] I‘
12 4 LaEOV i AN Energy s 30

10

1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997

RN L~ Capital

o
A NDNO DN DO
|

1955 57 59 61 63 1965 67 69 71 73 1975 77 79 81 83 1985 87 89 91 93 1995

Trends in Change Rate of Productivity of Prod. Faatrs in IMI (1955-1997)- 3 years moving average (%Mi: Japanese Manfslgd.



1.4.2 Technology Substitution for Constrained Production Factors
(1) Ecosystem Principle

1) Basic Principle of Ecosystem

In order to maintain homeostasis(checks and balances that dampen oscillatipnghen one
species slows down, another speeds up in a compensatory marin a closed system
(substitution). While depending on supplies from an external systeiheads to dampen
homeostasisomplemen) (Odum, 1963).

2) Suggestions for Constrained Economy in Japan

Labor (1960s)and energy (1970s)are constrained production factorsand technologyis
the unlimited production factor.

— - Technology substitution for labor/energy

(2) Japan’s Accomplishments

1960s Labor shortage Labor saving, automation technology, robotics
1970s Energy crises Energy saving, oil-alternative technology
1980s Intl. trade conflict High-technology

1990s Systems conflictin IT  High-functional MP driven innovation £4



(3) Elasticity of substitution (EOS)
1) Firms perplexity in investment decision Employment or replacement by robots?

worker?

A semiconductor firm that is contemplating investmats in advanced
robotics would naturally be interested in the extehto which it can replace
employees with robots.

How many robots will it need to invest in to replae the labor power of one

Operating Stock of Multi-purpose Industrial

Robots tn 2006

ISLES8  (369%)

315,624 (33%4)

(hmmber of Unsts)

Total 250,974 units

(&%)
132,584

S0 TS

Japam Furope  Germany Haly

France Spain

TsSA

Robots in operation per 10,000 person | the world market (2011)
employed in the manufacturing industry

Increasing competitiveness
in emerging economies (EES)
based on cheap labor

Shiftto EEs  Stay at HCs

Home
countries

Technology substitution
for labor —>» Reshoring

349

HE:

|

Articulated robot share
1. Fanuc 18.0 %
(Japan)
2. ABB 12.8 %
(Switzerland)
3. KUKA 11.5%
(Germany)
4. Yasukawa 11.5%
(Japan)

o rd

of

L

International Comparison of Industrial Robotics (2006).

Source: International Federation of Robotics (2009).
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2) Top 10 Countries by Manufacturing Robot Intensity (2007)

. - Industrial robots per 10,000 manufacturing workers. Comparative Advantages
L — rr e e in Robots by Field
Y . . - Jp US EP
Manufacturing O A A
N Medical X A X
Nuclear A0 6
Spack AGOA

~ Construction £) < x

Entertainment () O X

i =
L
e
-
-
=
—
L
i
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3) Historical Trends

Energy Efficient and Eco-friendly Society

Primaryv Energy Consumption and Carbon-dioxide Emissions per
Real GDP Worldwide (2003)

1000
900 L 866 (tons of o1l or carbon equivalentUS$ nulhions[2000 prices])
820
oo B Primary Energy Consumption (tons of oil equivalent/GDP)
700 ¢ B Carbon-dioxide emissions (tons of carbon equivalent/GDP)
600

500
400
300
200
100

China World Asia U.s. OECD EU25 Japan

Source: IEA and The Institute of Energy Economics

Tsukamoto (2009).



World Top Level in Manufacturing Technology (MT)

Technology substitution for scarce resources led Japan demonstrateowdelet of manufacturing technology.
2.50

1~10: 11~20: 21~30: 31~40:
L /Japan Japan Sweden India

/ Germany Taiwan Canada Estonia

200 & Norway New Zealand United Arab Emirates
| / Switzerland Netherlands Spain Costa Rica
& Finland Iceland Italy Cyprus
150 | - l Austria Luxembourg Czech South Africa
. / Denmark Israel Malaysia Turkey
= / France Chile Lithuania
Singapore Slovenia Greece
Lo F N Belgium Ireland Brazil Slovak

050 | ,/

China
41~50: 51~60: 61~70:
oso | Hungary Egypt Uruguay
Tunisia Jordan Russia
Argentina Colombia Pakistan
Portugal Botswana China
-1.00 | Trinidad and Tobago Mexico Romania Other .countries: Vgnezuela, Nigeria,.PhiIippines, Bglgaria, Nmofﬁuatema}la, L
Poland Mauritius Jamaica Hersegtuina, Serbia and Montenegto. Sr Lanka, Ecuador, Mozambidgerid
Malta Ukraine Ghana Bangladesh, Kenya, Tanzania, Nicaragua, Bolivia, Paraguay, Ughtatiagascar,
Thailand Bahrain Indonesia Malawi, Mali, Gambia, Zimbabwe and Chad.
-1.50
Latvia El Salvador Croatia
Panama Peru Namibia

-2.00

Level of Manufacturing Technology in 100 Countrieg2004)
Source: The Global Competitiveness Report (2005-2006).




Co-evolutionary Dynamism Leading to Functional Mobie Phone Driven Innovation.

(24} Dual Co-evolution
I EER g59.0 High-quality Use of Mobile: Ratio with mobile Internet access(end of Sep. 2004) ] e
g0+ . . c . .
() Rich in curiosity,
&0 H (i) Smart in assimilation,
o (iif) Thorough in learning,
IR (iv) Demanding enhanced
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1.4.5 Iecnnoliogy substwution 10r energ

Japan’s explicitco-evolutionary dynamism between innovation and ingutional systemsby transforming external crises into
a springboard for new innovationwas typically demonstrated bytechnology substitution for energy in the 1970s.

(1) DYNAMISMb - -oceeemmmeieeceece

G000+ = = = = = = = = = = = = s s s =" @@= = = @ s ;s @ @ = = = = = = @ w " &= &==«=
Infaflen adusted QI Price In
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=
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[usta Snwese wass scanarapis.com

Allen Partial Elasticity of Substitution

1.5

SOURCE: wmv.ln!]atipnda_ta.cu-m
1stenergy crisis in 1973 ¥
7] Inducing
[
FW\ Technology & further
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% muiis o Innovation
= Technology =
- é - Energy
o Technology
- Capital
13 1994
= 12 /
g 18 1983
() 18 ) 1973
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E Py 1 1955/Energy consumption
S . ‘ ‘ ‘ ‘
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Trends in Technology Substitution for Production Fators in the Japanese Manufacturing Industry(1955-1997)

- Allen Partial Elasticity of SubstitutionSource: Watanabe (1999).
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(2) Conspicuous Energy Efficiency

1. Japan accomplished the highest GDP growth in a decade after tAed energy crisis in 1979.
2. This can be attributed to its conspicuous energy efficien@nabled bytechnology substitution for energy
3. Consequently, Japan demonstrates the world’s highest energffi@ency.

Korea .
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20 Russia
¥ India i
I8 : Thallland
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0.9 v v i Philippine
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4---------

4-------—-——-=--=--
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1
1
1
1
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1
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1
v
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Energy Consumption per GDP in 40 Countrieg2004).



1.4.4 Learning and Assimilation of Spillover Technology

Japan’s explicit technology substitution for energycan largely be attributed to broad trans-sectoralssimilation

of spillover technology based on its assimilationrpficiency and thoroughness in learning and absorpon.

(1) Dynamism of Trans-sectoral Assimilation of Spibver Technology

Strong motivation to overcoming fear based on xendymbia and uncertainty avoidance

— =

DONOR HOST
Stimulate S/P increase

————— | Sales/profits

Activate: interaction ‘ Effects of TSO

Innovative ‘ Flow of TSO, it
goods/service ’ Asigng;%tﬁc})/n
| | -
_, Stimulate S/P increasq Abundant curiosity,
T ———— . . . - .
|Sales/profits Assimilation proficiency,

Thoroughness in learning
and absorption

S/P: Sales and profits ; TSO :Technological spillovers
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(2) Trans-Sectoral Technology Spillover Leading t@3road Dissemination
of Core Technologies

1980 1985 1990 1994
Energ
consumption
- Iron and steel 33.7 31.5 29.5 27.4
Conspicuous To Iron and steel,
energy Chemicals
effICIenCy Chemicals 24.5 259 27.4 30.3
Electrical machm:rl;)é 55 35 4 4 g) ngh teCh on
Transportatiorequipment )
39.3 39.1 39.1 38.3 a | () Sensors
Others > __ _
2 | (ii) Monitors
Energy R&D 5
expenditure c
P Iron and steel 10.6 11.1 6.4 4.4 6 (”l) COﬂtI‘O”erS
Chemicals 2.5 2.5 o
. 4.4 5.7 —
ngh Electrical machinery 34.6
technology 29 30.2 30.9
miracle From Electrical
Transportationequipment 'IrI:’g(r:WrS]g(?r?gtion
26.6 244 39.4 34.2 equipment
Others
29-4 18.6 20.8 24.3

Technology Spillover from Electrical Machinery andTransportation Equipment to Iron and Steel
and Chemicals in Japan1980-1994).
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(3) Sophisticated Combination of Industry Efforts and Government Stimulation
1)Trends in Japan’s Industrial Structure Policy and Chronology of MITI In itiated R&D Programs

1960s Heavy and chemical industrial structure

1963 MITI’s Vision for the 1960s

1966-

1970s Knowledge-intensive industrial structure

The Large Scale R&D Project

1971 MITT's Vision for the 1970s

1974-

1976-79

1976~

1978-

1980s Creative knowledgentensive industrial structure

The Sunshine Project
(R&D on New Energy Technology)

The VLSI Project
(Very large scale integrated circuit)

The R&D Program on Medical
& Welfare Equipment Technology

The Moonlight Project
(R&D on Energy Conservation Technology)

1980 MITT's Vision for the 1980s

1981-

1982-91

1985-

1990s Creation of Human-values in the global age

The R&D Program on Basic Technologies
for Future Industries

Fifth Generation Computer Project

Key Technology Center Project
(Industrial R&D on Fundamental Technology)

1990 MITT's Vision for the 1990s

1990-

The R&D Program for Global Environment
Industrial Technology

Leading technology

Oil-substituting energy
Technology

Innovative computer
Technology

Medical and welfare
Technology

Technology for improving
energy productivity

Basic and fundamental
Technology

Innovative computer
Technology

Fundamental technology
initiated by industry

Global environmental
technology
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2) R&D Consortia Initiated by MITI

Vo NAU AW N~

1. Research Association
High Polymer Raw Materials
High Grade Alcohol Industrialization

Tenchi Research Institute
Creep Test

Optical Industry

Preferential Steel Refining
Electronic Computer

Wool Product Solvent Dyeing
Naniwa Casting

Insulator

Heavy Oil Kiln with Lime

Aluminum Surface Treatment
Automobile Equipment

General Automobile Safety and Pollution
Light Metals Composite Malenal
Super-high P
New Computer Series

Super-high Perfc I Ce

Medical Equipment Safety

Steel Manufacturing by Atomic Energy

De-Nox Technology for the Iron and Steel Industry
Software Module for Design and Calculation

Saﬁware Module for 0_0” ce Work
Ce for Op

of Module for A
Software Module for Automatic Control
Automatic Measurement
High Temperature Safety

Automobile General Control

Vinyl Chloride Environment

Heavy Oil Chemical Materialization

Jet Engines for Aircraft

Super LSI

Te echnology Research Association of Medical and Welfare

}f W Hause Supply System
Pattern Information Processing System
Electric Car
Subsea Oil Production System
Flexible Manufacturing System Complex Provided with
Iser
Advanced Gas Turbine
R h A. iati far R dual Oil Pr
E_RAROP)
lectronic Computer Basis
K h A iati Al

lor es
Development AD) ’
Application o) Htgh Polymer

Wastewater Treatment Machinery System for Permanent
Residential Area

CI Chemical

Optics Applied System

Mini Gas Air-conditioning

Synthetic Dye

Fine Ceramics Research Association

h Association for Biotechnology
High Polymer Basis
Scientific Computer System

Technology Research Assocmrmn of Ocean Mineral
Resources Mining System
Research Institute for Industrial Furnace Technology

New Basis of Steel Refining

Combustion using Oxygen Enrichment Film

Paper Manufacturing

Secondary and Tertiary Recovery from Crude Oil
Surfactant for Fnergy Developmem

logy R of A d Sewing

Te
System
oal Opencast Machinery

Advanced Aluminum Refining

QOil

High Efficiency Synthesis of Textiles

Advanced Man;ﬁ]ac{urmg Technology for Chemical
Product using Vital Function

New /:fal:cauon Development for Light Ingredient from

In addition to the abovc, seven consnma participated in MITI initiated R&D projects over the period 1998-2000. They consist of six foundations: Manufacturing Science and
hnol

y Center, Oy Industry and T

(1961-1997),

1961-1977
1961-1972

1962-1967
1962-1977
1962-1969
1962-1981
1962-1973
1962-1964
1963-1974
1964-1979
1965-1983

1965-1980
1971-exist
1971-exist
1971-1976
1972-1984
1972-1984
1972-1984
1973-1985
1973-1981
1974-1980
1974-1991

1974-1991
1974-1986
1974-1991
1974-1991
1974-1993
1974-1985

1974-1980

1975-1983
1975-1983
1976-1989
1976-1990
1976-exist

1977-1979
1977-1982
1978-1990
1978-1985

1978-1991

1978-1988
1979-1996

1979-1991
1980-1996

1980-1985
1980-1987

1980-1988

1981-1987
1981-1991
1981-1998
1981-exist

1981-exist
1981-1992
1981-1990
1982-1998

1982-exist
1982-1992
1982-1992
1982-1991
1982-1996
1982-1989
1982-1991

1983-1995
1983-1987
1983-1996

1983-1995
1983-1995

101
102
103
104

105

106
107

108
109

110

11
112
113

114
115
116
117

118
119
120
121
122
123
124

125
126

Center.

Conductive Inorganic Compound

Ady d T logy for A Resin with High
Performance
Aluminum Power Metallurgy

Shape Memory Alloy
Fuel Alcohol Development
Adh d Robot Technology h i ARTRA
Alkaline Battery
Resources Remote Sensing
Super Heat Pump Energy
Advanced Material and Machinery for Apartment Bulldmgs

Research Institute for Devel of New G
Jfor Atomic Power Plant
Toyama Prefecture Regional System Development

Aqua Renaissance

Coal Based Hydrogen Production

Coal Gasij Combined Cycle G

Improvement of Practical Performance of Gas Turbine
Hokkaido Advanced Wood Use

Textiles Manufacturing Syslem

Ad d Material P and A ining System
Laser Concentration

Advanczd Cogeneration

Genemuon qupmem and Matzru{ls (Super GM)

Ca roduct D System

leten Carbonate Fuel Cell
Amf ficial Clay Synthesis
| Fuzzy Engi) ing Res h Institute
Tzchnology and System Devel of New I ialized House
ing | for Super Transport Propul:
l“l’w!ovoltalc Power G Technology h A
d Chemical Pr Technology h A

Phosphoric Acid Fuel Cell
Improvement of Small Articles Plating Environment
Real World Computing Partnership RWCP
Lithium Battery Electric Power Smrage
Technology Partnersh
Wuler Plastic Casting of C eramlcs
A ion for Research and Develop of House Technology

Iburakl Prefecture General Information System for Support of the
I*; lippon CALS Research Partnership (NCALS)

v d Technology R b4

TRAMET

4 of Super-Ad d El jcs Technologies (ASET)
Solar Cell Material

Fixing Acid Gases by High Pressure

I1. Incorporated foundation, etc.

R&D Institute of Metals and Composites for Future Industries

Japan ngh Ponmer Cenler"
and De for Future El

Devices

Informaimn Technology Promotion Agency

h gy Center

| Superconductivity Te
Micromachine Center
Research Institute of Human Engineering for Quality Life
Engineering Ad) A iation of Japan (ENAA)
Marine Biotechnology Institute Co., Ltd.
The Japan Research and Development Center for Metals
Japan Fine Ceramics Center (JFCC)
Japan Bio-Industry Association
Lab ies of Image I
Institute for New G

Science and Technology (LIST)
Computer Technology (ICOT)

Interoperability Technolo Association for Information
Processing, Japan (1] ﬁ/

M ing Sclence and Té¢
Photonics Engineering

gy Center Institute for

Materials Process Technology Center, Ishlkawa Sunrise ]ndustnes Creauon Orgamzahon
Japan lnformauan Processing Development Center, and Osaka Science & Technology Center; and one private corporation: d

1983-1995
1983-1995

1983-1995
1983-1993
1983-1994
1984-1991
1984-1987
1985-1989
1985-1993
1985-1996
1985-exist

1985-1991
1985-1991
1986-1995
1986-1997
1986-exist
1986-1992
1986-exist
1987-1995
1987-exist
1987-1998
1987-exist

1987-1999
1988-exist
1988-1993
1989-1995
1989-exist
1990-exist

1990-exist

1990-1997
1991-1998
1991-exist
1992-exist
1993-exist

1993-exist
1993-1999
1994-exist
1995-1998

1995-1998

1995-exist
1996-exist

1996-exist
1996-exist

1998-exist

1981-exist
1949-exist
1981-exist

1970-exist
1988-exist
1992-exist
1991-exist

1978-exist
1988-exist
1985-exist
1985-exist
1983-exist
1992-exist
1982-1992

1985-exist
1997-exist

Japan High Polymer Center (No. 112) was restructured and renamed into Japan Chemical Innovation Institute.
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3) Firms Participating in the Sunshine and Moonligh Project (1992)

The Sunshine Project (61)

Chemicals (15) 24 Asahi Chemical Industry Co., 29 Mitsubishi Kasei Co., Mitsui Toatsu Chemicals Inc.,
Kaneka Co., Daito Hoxan Inc., Japan Catalytic Chemicals, Nippon Steel Chemical Co.,
Idemitsu Oil Co., Tonen Co., Nippon Oil Co., Cosmo Oil Co. Iglkko Kyoseki Oil Co.,
Oil Resouries Development, Sumitomo Coal Mining Co., Mitsui Coal Liguefaction

Ceramics (4) 33 Asahi Glass Co., Kyocera Co., NGK Spark Plug Co., Shinagawa Refractories Co.

Iron & steel (7) Nippon Steel Co., 33 Sumitomo Metal Industries Ltd., 26 Kobe Steel Ltd., NKK Co.,
28 Kawasaki Steel Co., Japan Steel Works Ltd., Japan Metal & Chemicals Co.

Non-—ferrous metals Sumitomo Electric Industries, Ltd., Sumitomo Metal Mining Co., Hitachi Cable Ltd.,
and products (5) Mitsui Mining & Smelting Co.,Osaka Titanium Co.

Machinery (20) 3 Hitachi Ltd., 6 Toshiba Co., 35 Ishikawajima— Harima Heavy Industris Co.,
12 Mltpublshl_f{eavy Industries Ltd., 10 Mitsubishi Electric Co., 38 Fuji Electric Co.,
32 Oki Electric Indus? Co., 15 Sharp Co., 17 Sanyo Eectric Co., Ebara Co.,
Misui Engineering & Shipbuilding Co., 2 Matsushita Electric Industrial Co.,
Yuasa Battery Co., Jagan Storage Battery Co., Matsushita Battery Co.,
Bab & Cock Hitachi Co., Yamatake— Honeywell Co., Koto Electric Co.,
1 Toyota Motor Co., 8 Nissan Motor Co. . .

Public utilities (4) EPDC, Tohoku Electric Power Co., Okinawa Electric Power Co., Tokyo Gas Co.

Construction (6) JGC Co., TEC Electrics Co., Chiyoda Co., Kandenko Co., Ohte Development Co.
Geothermal Technology Development,

The Moonlight Project (54)

Chemicals (3) 24 Asahi Chemical Industry Co., 29 Mitsubishi Kasei Co., Ube Industries Ltd.
Ceramics (4) 33 Asahi Glass Co., Kyocera Co., NGK Spark Plug Co., NGK Insulators Ltd.
Iron & steel (3) 33 Sumitomo Metal Industries Ltd., 26 Kobe Steel Ltd., NKK Co.

Non-—ferrous metals Sumitomo Metal Industries Ltd., Hitachi Cable Ltd., Fujikura Ltd.,
and products (5) Showa Electric Wire & Cable Co., Furukawa Electric Co.

Machinery (23) 3 Hitachi Ltd. 6 Toshiba Co., 35 Ishikawajima— Harima Heavy Industries Co.,
12 Mitsubishi Heavy Industries Ltd., Kawasaki Heavy Industries Ltd.
10 Mitsubishi Electric Co., Fuji Electric Co., 17 Sanyo Electric Co., Ebara Co.,
Mitsui Engineering & Shipbuilding Co., Kubota Co., Yokogawa ElectricCo., .
Murata G. Co., Maekawa Manufacturing, Aishin Seiki Co., Daikin Industries Ltd.,
Sumitomo Precision Products Co., Hitachi Zosen Co., Niigata finglpeenng Co,,
Yammer Diesel, Yuasa Battery, Japan Storage Battery Co., Matsushita Battery

Public utilities (11) Hokkaido Electric Power Co., Tohoku Electric Power Co.,
19 Tokyo Electric Power Co., Chubu Electric Power Co.,
Hokuriku Electric Power Co., Kansai Electric Power Co.,
Chugoku Electric Power Co., Shikoku Electric Power Co.,
Kyusyu Electric Power Co., EPDC, Osaka Gas Co.

Construction (5) JGC Co., TEC Electrics Co., Chiyoda Co., Shimizu Co., Obayashi Co.

a Figures heading firms indicate orders of R&D expenditures in 1992 out of top 40 firms (19 firms out of 40
participated)
b Figures in parentheses indicate number of firms in respective sectors.
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4) Firms Participating in PV Development under theSunshine Project(1997)
Textiles Teijin
Chemicals Kanegafuchi Chemical Industry |Mitsubishi Chemical

Mitsui Toatsu Chemicals

Shinetsu Chemical

Daido— hoxan
Matsushita Battery

Petroleum and| Showa Shell Sekiyu
coal products |Tonen
Japan Energy

Ceramics Kyocera
Asahi Glass
Nippon Sheet Glass
Iron and steel | Kawasaki Steel ~ Japan Steel Works
Non—ferrous |Mitsubishi Materials ’
metals arid Sumitomo Sitix
products Hitachi Cable
General mach. Kubota
Electrical Sanyo Electric Sony
machinery Sharp Canon
Fuyji Electric C. R&D Anelva
Hitachi
Mitsubishi Electric

Sumitomo Electric Industries
Matsushita Electric Industrial

Oki Electric Industry

Other manf. YKK

Public Japan Measurem. and Inspect. Inst. |Japan Quality Asurance Org.

institutes Central Res. Inst. of Elec. Power Ind{ Shikoku Elec. Power Res. Inst.
Jap. Elec. Safety & Env. Tech. Lab.
Jap. Weather Forcast Assoc.

Electric Okinawa Electric Power

power Kashima North Joint Elec. Power

Housing and Misawa Homes

construction |National House Industry
YKK Architectual Products
Kajima

Firms enclosed in [___::l indicate members of PVTEC.



(4) Accelerated Effects of Joint Efforts

As a consequence of joint efforts by industry and governmenliearning and assimilation of
spillover technology were accelerated leading to dramatic deok in unit energy consumption.

\ Cement industry

Iron & steel industry
Paper & pulp industry

Manufacturing industry total

Chemical industry

40 1 t t t t t t t 1 t 1 t
S o & & & N a & 0 o> el e & & 9 N N & > > > o < 3 %1 & s
R N N S N e I N e R AN N

Trend in Unit Energy Consumption in the Japanese Maufacturing Industry (1965-1991)- Index: 1973 = 100.
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1.4.5 Limit of Substitution Model
(1) Limit of Substitution Model in a Production Function

1. Due to features differences between MT and IT, Jmn’s notable dynamism in the 1980s
moved in the opposite direction in an information eciety in the 1990s.

2. This revealsthe limit of substitution model in a production function.

Industrial society | Information society

S

Cement industry

/7

LN

Iron & steel industry

Manufacturing industry total
Paper & pulp industry

Chemical industry

1965 R o 1991 ~ 1998

Trend in Unit Energy Consumption in the Japanese Manufactuing Industry
(1965-1998)- Index: 1973 = 100.



(2) Sources Leveraging Substitution: Elasticity oSubstitution

Y: ProductionX: Production factor (labor, capital, materials and

Y — F (X ,T) energy),T: Technology

Elasticity of substitution: Firm’s input substitution opportunity

T T
din— din— | N
O.. = X X MPT: Marginal Productivity of X
X MP X d | MPT: Marginal Productivity of Technology
nMPX-dInMPT
din
MPT 1
Higher MPT induces higher elasticity of technologysubstitution for X
MPT = oY AY | s held ant Industrial society | Information society

is held constan 12

0T AT 5 »

While Japan maintained conspicuous MPT in ar > uSs

©
~

industrial society, it changed to dramatic decline
in an information society resulting in stagnation
of technology substitution.

o
)

s

©
o

]

o
\l
o

Marglinal productivity of technology

1975-1985 1985-19901990-1995 1995-2001



(3) Substitution Mechanism

Japan’s high level of Marginal Productivity of Tecimology: MPT

5 12 M JP
Z 10 [
1960s Labor || Labor saving, automation — =t2|High level of MPT| 2500 | X US US
1970s Energy || Energy saving, oil-alternative 58 ol
1980s Trade High-technology £ oo
1975-1985 1985-1990
IRR t > Ry = Tt » T/Xy— Elasticity of technology N
\l / (ﬂlé%?ﬁltg%%ﬁf § substitution (ETC) foX  c: coefficient
Diffusion trajectory Y oY aY(l—i) => oY |nl_c
T FD T \\ noY _jn9Y R X _ T
l n&_lnﬁ ! | oY | oY O —> YT Y/X increase
Y X .4X 0Y R n& nﬁ %% %
Y=F(X,T)C> = A8 -
( ) ax v x Tar v N A
Technology productivit T

Productiol l \

SustainY

T substitutes
Labor Technology stock for X
Capital
Energy Constrain / >‘d R
Materials o ipply YIXincrease (men mvestment) Growth dependent trajectory in an industrial society
External crises Japan constructed a sophisticated co-evolutionaryyshamism between innovation and
institutional systems by transforming external cri€s into a springboard for new innovation).
Abundant curiosity, assimilation proficiency, and This transformation ability can largely be attributed to Japan’s unique features

thoroughness in learning and absorption

mi

of the nation such as having
(i) a strong motivation for overcoming fear basedxenophobia and uncertainty avoidance,
(i) while abundant curiosity, assimilation procicy, and thoroughness in learning and absorption.

Such a unique institutional system led to a high el of MPT leveraging

Xenophobia and Uncertainty avoidance

a conspicuously high level of

(i) elasticity of technology substitution for egg leading to a shift from energy to technolo@Eo, and
(i) increased technology productivity/T ) which generated
(ii1) a notable energy productivity as a multipleffect of these accompllshments(z EF)

leading to sophisticated substitution mechanism.

Japan’s System in Transforming Crises into a Springoard for New Innovation. 72



1.4.6 Significance of Functionality Development in an Information Soety

(1) New Policy Trajectory Corresponding to the NewParadigm in an Information Society

(i) The systems conflict with manufacturing indudtgs been experiencing in an information societylmaattributed to the
structural differences between manufacturing teldgyand IT as contrasted in Table 5.

(i) While shifting to an information society in ti®90s, there remains in Japan strong organizaiioeia in an industrial

society in the 1980s.

(i) This inertia impedes Japan’s institutions @spond to an information society and compels toa dcious cycle leading

to institutional elasticity.

Comparison of Features between Manufacturing Techrlogy and IT

1980s

1990s

Paradigm

Core technology

1. Optimization

2. Key features formation
process

3. Fundamental nature

4. Actors responsible for
formation of features

Industrial society

Manufacturing technology

Within firms/Organizations
i. Asymmetry of information
ii. Steady change
iii. Conservation of indigenous technology

iv. Mass production
v. Stable management through non-risk seeking

Provided by suppliers

As given

Individual firms/organizations

Information society
IT

In the market

i. Decrease of asymmetric information cost
ii. Dramatic change

ii. Globalization

iv. Modularization

v. Diversification of risk

To be formed during the course of interacting
with institutions

Self-propagating

Institutions as a whole

Source: Watanabe et al. (2003).
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(2) Mis-option Resulting in a System Conflic

However, Japan’s organizational inertia impededhgstutions correspond to paradigm shifts toraormation

society and clung to “Growth oriented trajectorgther than “Functionality development trajectorgsulting in
a system conflict.

Comparison of Features between Manufacturing Techrlogy and IT

1980s 1990s
Paradigm Industrial society Information society
1. Core technology Manufacturing technology IT

Within firms
Productivity

2. Optimization
3. Objectives

In the market
Functionality

4. Development trajectory Growth oriented trajectory Functionality development trajectory

Growth Oriented Trajectory

Contribution to TFEP growth rate
labor and capital (technological progress)

Functionality Development Trajectory

AV oV X )AX
oy IV X ) AX VvV _R _=Z( D_j 3
FE 2] > e
4
Ut ( i L]

V: GDP oT FD
L: Labor MPT)
K: Capital
T: Technology stock
et ogy S0 Japan (1980s,19909 US (1980s) ——— US (1990s) MPT: Marginal productiviy of
FD: New functionality @ -technology
 development System conflict System match
a: Diffusion coefficient

Scheme Leading Japan to Lose Its Institutional Eldwity. Source: Watanabe et al. (2003).
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(3) Self-propagating Functionality Development in T

In mobile driven innovation, new functionality emerged in a self-propagating wayin a process of
diffusion, not at development stage, as frortalk to see see & talk take a picture payand watch

Self-propagating mechanism

Diffusion of IT Cr—
Functionality
development l
One-seg Interaction with
Music distributio institutional
system
Network externality

Functionality
development

Enhancement of carrying capacity)

}

Acceleration and advancement

of IT diffusion

1968 1980 1999 2001 2003 2005
Interaction l

Talk - See- See & talk— Take a picture» Pay - Watch

Self-propagating Dynamism in Functionality Developnent of Japan’s Mobile Phones.



(4) Functionality Development for Sustainable Growh
1) Integration of Production Function and Diffusion Function - Innofusion

As paradigm shifts to an information society, spot where innovation takesspifisefrom production
site to diffusion process leading to the significancprotiuction diffusion integrationnnofusion function| v :prod.of innovative goods L : Labor

(i) Production Function

_ AY AX  aY
Y=FXT) Q __Z(ax%ijraTB?

K : Capital T : Technology

R: R& D investment . .
FD: Functionality developmenk

N : Carrying - capicity a: Diffusion velocity

b : Diffusion at theinitial stage

(II) Diffusion Function (cumulativey diffuses as a function of T) Traditional production factors (Labor, Capia)
Growth - -

Y _ v 1 N ~ N R&D intensity GDP
—=aY|l-—|=aY|l-—|, FD =— Y=

oT N FD Y 1+ b TFP e ,

Marginal productivity Diffusion velocity
. of technology (MPT)
2) FD for Sustainable Growth FD
Economic growth dependent model: Depend oif New functionality development model: StimulateFD

- Growth Oriented Trajectory

] Contribution to TFP growth rate
labor and capital (technolugical progress)

o -

. Y
*
. y(l_ij
aT ED

Marginal productivity
of technology

- Functionality Development Initiated Trajectory

Japan(1980s,19909 US (1980s) — ,  US (1990s)

S —

—

System conflict
Contrast of Growth Option.
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3) Options for Growth

GDP Traditional

?;%N th production factors TFP

Smonidiniitmtop

VR S e B ay

T

Marginal Productivity of R&D intensity
Technology (MPT)

a_v = aV(l— i)
oT FD

RN

Diffusion ~ GDF Functionality
velocity developmen

Traditional production factors
(Labor, Capital)

Growth < R&D intensity
TFP

GDP

Marginal productivity { Diffusion velocity
of technology (MPT) j
Functionality development



1.4.7 System Conflict and Subsequence FD Declingl) System Conflict

1. System conflictled to aninstitutional less-elasticityin aninformation societyesulting in adramatic decrease in Japan’s FD

2. FD decrease led todecreasan MPT (Marginal Productivity of Technology).
FD: Ability to improve performance of production processes, goods and sesvby means of innovation

2.00

% < |EL USA  System match FD

s USA

: - / =

E g}

= E 199

5 % \ 100 |

Elk Japan System conflict Japan

'.g 0.50 [

- Industrial society Information society

1980 1990 1999 0% 1987 1988 1989 i990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Institutional Elasticity of Manufacturing Technology Functionality Development(1987-1999- index: 1990 =1

- Elasticity of the Shift to an Information SocietyMarginal Productivity
of Technolog (198(-199¢) - Inde> :199( =10C.

V=F(,K,T)
1.45
InV =A+alnL+8InK +y,InT+y,D, InT 135 GDP V=F (L, K, T)
whereA: scale factorp, B, y;, andys: elasticitiesD,: coefficient 1.5 L: labor, K: capital, T: technology stock
dummy variable representing the trend in shiftirant an industrial '
society to an information societb( — .4, b: coefficients). 1.15 | 7
X 1+e—at—b —
.
oV _9dInV v Y 1.05 | o
MPT =—= =y, +y.D =
oT aInT T v, X)T 095 F =
I_
MPT =F(V,T,D,) 0.85 [ &
_ ors|  MPT
INMPT=B+a,InV+a,InT+a,InD, + £ InVINT +5,InVInD, + 5,InT InD,
0.65 - - :

whereB: scale factorg; and 3 (i = 1~3): elasticities.
In MPT 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 199

o )
IEL (Institutional Elasticity)= =2 " Marginal Productivity of Manufacturing Technology
1 " (1975-1999- Index: 1990 =1 78

1

MPT=aVv(l-—) FD=— =
! _(MPT

FD 1-(MPTZ\)



(2) Dramatic Decrease in MPT and Consequent Innovain Decrease

1. System conflictled to aninstitutional less-elasticityin aninformation societyesulting in adramatic decrease in MPT.
2. MPT decrease led TFP decreaseaesulting in adecrease in innovation contribution to growth

3. Thus,co-evolution changed to disengagement an information society. MPT: Marginal Productivity of Technology
(i) Dramatic Decrease in Marginal Productivity of Technology TFP: Total Factor Productivity
1.45
%’ USA System match 135 | GDP V=F (L, K,T)
E 1.25 L: labor, K: capital, T: technology stock
(«}}
T —_—— 115 |~
= — i~
2 Japan  System conflict 105 | 2
= 095 | ©
£ Industrial society Information society 085 | '%
1980 1990 1999 0.75
Institutional Elasticity of Manufacturing Technology 0.65
- Elasticity of the Shift to an Information SocietyMarginal Productivity 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1999 199
of Technology (1980-1999 - Index-1990=100 Marginal Productivity of Manufacturing Technology
—_— = (1975-1999 - Index: 1990 =1
(i) Consequent Decrease in Innovation
TFP change rate ATFP/TFP) = R&D intensity (R/V) X Marginal productivity of technology (MPT)
Innovation to GDP growth
7.0 6.2 3.2 = 1.2
6.0 20 <—E 10 JP US
3 5.0 ‘é
S0 JP US 28 JP US £ o8
E 50 2.8 20 z 06
£ 20 15 14 15 € S oa
8 10 T 10 0.9 09 o, 24 £ o
00 ‘ ‘ IEI’—‘ 22 ’7 é 0.0 —
1o 1960—1975 1975—1985 1985—1990 1990—1995 1995—2001 20 = .02
1975-1985 1985-1990 1990-1995 1995-2001 1975-1985 1985-1990 1990-1995 1995-2001
TFP Growth Rate (1960-2001) R&D Intensity (1975-2001) Marginal Productivity of Technology 78

(1960-2001)



1.4.8 Loosing Institutional Elasticity: Sources of the Failure
(1) Development Trajectory and Adaptability to an Ihnformation Society

Growth economy Mature economy
Industrial society Information society
1980s 1990s
Enjoyed international Clung tothe Impediment by the Systemsconflict with  Non-elastic ~ Non-utilization
3 competitiveness initiated— business model in an, organizational inertia— an information — institutional — of potential
apan py manufacturing industrial society in the 1980 society systems self-propagating
technology ‘ function of IT
v /
Clung to growth oriented mode
Switched to new functionality
development initiated model
A \
Realized the new Extensive challenge Resonance betwee Systems match with Institutional Full utilization of
USA reality as global — to competitiveness — cumulative efforts — an information — elasticity — potential
society self-propagating

competition strategies and ITechnology )
function of IT
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(2) State of Institutional Elasticity

However, possibility of constructing a virtuous cycle degg on elasticity of institutions.

Japan has lost its institutional elasticity in an inforraatsociety.

Singapore 4 ‘
*United States
- Malaysia + Luxembourg E:Aus(tjralia
anada
2 . 05 New Zealand & ~ Netherlands
5 ‘ _
b Thailand = Philippines Denmark
= ' ' __ Group1
w720 o il - 05 0 05 i 15
a e - Mexico
g China Mainland > ~05
= Russia :
*3 x |Indonesia
s
= 1 Germany
- Japan . France
Group 4
-15
Group 2

Development Level of Socio Economy

Development Level of Socio Economy and Institutiod&Elasticity in Selected 20
Countries in an Information Society (2000):Factor Analysis
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1.4.9 Implication
1. Japan constructed function in transforming criseinto a springboard for new innovation.

Crisis New innovation
1960s Labor shortage Labor saving, automation tech. Robotics
1970s Energy crises Energy saving, oil-alternative tech.
1980s Intl. trade conflict High-technology
1990s Systems conflict in IT High-functional MP driven innovation

Supra-functionality incorporating new social, cultural
and aspirational value beyond economic value

ﬁ

Group of consumers with disability More demanding to supra-functionality

2000s Once-in-a century crisis

2. Sources of this notable function can be attrib@d to atechnology substitution for
constrained factorsbased onhigh level of marginal productivity of technology(MPT).

3. Such high level of MPT can be enabled Hyigh level of labor productivity in the 1960s
which led to growth oriented trajectory in an industrial society.

4. High level of MPT in an information society carbe enabled by shifting tofunctionality
development trajectory.

5. However, due toorganizational inertia in an industrial society, Japan clung tayrowth g,
oriented trajectory.



1.4.10 Lost Decade in the 1990s
- Japan’s Contrast between Co-evolution and Disengamgnt

1. Contrary to the high technology miracle in th&Q$, Japan experienced a long-lasting economiaatiaq

in the 1990s.
. 9.7 . . . . . . .y
2. This “st can be attributed tocaevolutionin an:industrial society and itBsengagemenin an

Inforn society.

g 5 |62

i/ g Japan USA Jp us Jp us
o E

o = 3.8 3.9
% g 2.2 2.8 20 24 18

£ 2 1.5 ' 15
- 1.4 1.0 0.9 0.9

5 8 0.3 |02

1960-1975 1975-1985 1985-1990 1990-1995 1995-2001

Rapid economic growth Energy crises High-tech. miracle Lost decade

Co-evolution

Co-evolution with—"|

institutional systems

/

New and evolving
innovation

\

Non-adaptive

~

Disengaged from
institutions

Self-propagating

development

Diminish

Disengagement

_——» Self-propagating
Co-evolution with - development
institutional systems

/'

Adaptive

) 7~ %
'\\ N \‘
. . ! |
\ 1 I
\
] H 1 !

New and evolving

innovation .. "
‘I ‘\
\ ; /

Disengaged from

institutions Diminish
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1.5 Sources of Failure
1.5.1 Japan’s Development PatlCrises and Transformed Innovation(1960-2010)

—
=
L= e

Industral s ooety Trdconvatiom society Fost-urdormeation socety
Productiate Functimakty Solnton
Service

IT

\A’\///\-\.__, i

Asset (ROA)

MNew

Recowery 99/073 ~ . o

le— 1st Energy

CHS15

IIP (2000 = 100)
MW oA 88 8 8 8

ECONOIIC
growth

=
;

=

e 2nd Energy T ey
c1isis Standard deviationof RO&
196 - 2004 .
Indigenous strength in MT Learning ofdigital economy Fusing “East”
(“East™) (“West™) and “Wesf”

1960 1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1926 1988 1990 1992 1994

1996 1998 2000 2002 2004 2006 2008 2010 2m2

Crisis Innovation Contribution
1960s Labor shortage Labor saving, automation tech. robotics Eroductl\ilty Ilr:crﬁase_”
. : i = roSs sectoral tecn. spiiover
1970s Energy crises Energy saving, oil-alternative tech. Advancement of MT

1980s Intl. trade conflict
1990s Systems conflict in IT

High-technology
High-functional MP driven innovation

Hybrid MOT

2000sOnce-in-a century crisis

Supra-functionality beyond economic value
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1.5.2 Limit of Substitution Model

1. Due to features differences between MT and IT, Jmn’s notable dynamism in the 1980s
moved in the opposite direction in an information eciety in the 1990s.

2. This revealsthe limit of substitution model in a production function and leverages
the significance of production, diffusion and consmption integration.

Industrial society | Information societ

]
NN

y

Cement industry

Iron & steel industry

Manufacturing industry total
Paper & pulp industry

Chemical industry

1965

Trend in Unit Energy Consumption in the Japan

(1965-1998)- Index: 1973 = 100.

| SRS 0@1@9?\1@ | & | s | E
ese Manufactuing Industry

—1

98
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1.5.3 Dramatic Decrease in MPT and Consequent Innovation Decre:

1. System conflictled to aninstitutional less-elasticityin aninformation societyesulting in adramatic decrease in MPT.
2. MPT decrease led TFP decreaseaesulting in adecrease in innovation contribution to growth
3. Thus,co-evolution changed to disengagement an information society. MPT: Marginal Productivity of Technology

(i) Dramatic Decrease in Marginal Productivity of Technology TFP: Total Factor Productivity

> 1.45
Sla USA System match 135 | GDP V=F(L,K,T)
) £ .
% © 125 | L: labor, K: capital, T: technology stock
ERS — 115 |
Sl _ — e
S|~ Japan System conflict 105 | 2
[ 095 |
- Industrial society Information society 0ss | &
1 1 1 1 | 1 1 1 1 ' E
1980 1990 1999 0.75
Institutional Elasticity of Manufacturing Technology 0.65
- Elasticity of the Shift to an Information SocietyMarginal Productivity 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1999 199
of Technology (1980-1999 - Index-1990=100 Marginal Productivity of Manufacturing Technology
—_— = (1975-1999 - Index: 1990 =1
(i) Consequent Decrease in Innovation
TFP change rate ATFP/TFP) = R&D intensity (R/V) X Marginal productivity of technology (MPT)
Innovation to GDP growth
7.0 6.2 3.2 = 1.2
6.0 20 <—E 10 JP US
g 50 Jé
§4.o JP US 28 JP US 2 0.8
E 50 2.8 20 z 06
£ 20 15 14 15 ¢ S oa
8 10 T S 0.9 09 o, 24 £ o
0.0 : ‘ I_Ely—‘ 22 ’7 .é 00 —
10 1960—1975 1975—1985 1985—1990 1990—1995 1995—2001 20 = .02
1975-1985 1985-1990 1990-1995 1995-2001 1975-1985 1985-1990 1990-1995 1995-2001
TFP Growth Rate (1960-2001) R&D Intensity (1975-2001) Marginal Productivity of Technology 85
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1.5.4 Functionality Development for Sustainable Growt
(1) Integration of Production Function and Diffusion Function - Innofusion

As paradigm shifts to an information society, spot where innovation takesspifisefrom production
site to diffusion process leading to the significancprotiuction diffusion integrationnnofusion function| v :prod.of innovative goods L : Labor

(i) Production Function

_ AY AX  dY
Y=FXT) Q __Z(axgéijraTB?

K : Capital T : Technology

R: R& D investment . .
FD: Functionality developmenk

N : Carrying - capicity a: Diffusion velocity

b : Diffusion at theinitial stage

(if) Diffusion Function (cumulativey diffuses as a function of T) Traditional production factors (abor Capita)
Growth i -

Y _ v 1 N ~ N R&D intensity GDP
—=aY|l-—|=aY|l-—|, FD =— Y=

oT N FD Y 1+ b TFP e ,

Marginal productivity Diffusion velocity
- of technology (MPT)
(2) FD for Sustainable Growth FD
Economic growth dependent model: Depend oif New functionality development model: StimulateFD

- Growth Oriented Trajectory

] Contribution to TFP growth rate
labor and capital (technological progress)

o - g

Yy = 0 .
?
oY - y(l_ij
ot ED

Marginal productivity
of technology

- Functionality Development Initiated Trajectory

Japan(1980s,19909 US (1980s) — ,  US (1990s)

S —

—

System conflict
Contrast of Growth Option.
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1.5.5 Implications for Success and Failure
1. Japan constructed function in transforming criseinto a springboard for new innovation.

Crisis New innovation
1960s Labor shortage Labor saving, automation tech. Robotics
1970s Energy crises Energy saving, oil-alternative tech.
1980s Intl. trade conflict High-technology
1990s Systems conflict in IT High-functional MP driven innovation

Supra-functionality incorporating new social, cultural
and aspirational value beyond economic value

ﬁ

Group of consumers with disability More demanding to supra-functionality

2000s Once-in-a century crisis

2. Sources of this notable function can be attrib@d to atechnology substitution for
constrained factorsbased onhigh level of marginal productivity of technology(MPT).

3. Such high level of MPT can be enabled Hyigh level of labor productivity in the 1960s
which led to growth oriented trajectory in an industrial society.

4. High level of MPT in an information society carbe enabled by shifting tofunctionality
development trajectory.

5. However, due toorganizational inertia in an industrial society, Japan clung tayrowth g4,
oriented trajectory.



1.6 Sources of Succe:
- Sophisticated Combination of Industry Efforts and GovernmentStimulation

1.6.1 Japan’s Catalysis Mechanism

1.6.2 Government Support for R&D Investment by Industry

1.6.3 System Stimulating Governance

1.6.4 Foundation of Japan’s Economic Developmenttar WWII

1.6.5 Socio-cultural Systems Enabled Japan’s Techlogy Assimilation
1.6.6 Inducing Mechanism

1.6.7 Basic Scheme of Industrial Policy

1.6.8 Policy Web

1.6.9 Visions and Governance
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1.6.1 Japgan’s Catalysis Mechanis The top 3 and some emerging or middle/smal

O countries increase their R&D expenditure rates.
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Key Figures in 30 OECD members and 5 non-membef2005)2 (1)
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Australia 701.0 34.2 1.8 39.8 0.9 4.3 81.7 414.5
Austria 283.2 34.4 2.4 36.5 1.6 6.4 28.2 300.9
Belgiumr 345.6 330 18 235 1.2 5.8 32.0 332.9 6.6 5.4
Canada 1099.1 34.1 2.0 32.9 1.1 2.2 125.3 819.6 1.70.9
Czech Republic 210.9 20.6 1.4 40.9 0.9 14.7 24.2 215. 0.3 0.8
Denmark 184.7 34.1 2.4 27.1 1.7 2.4 28.2 219.5
Finland 162.2 30.9 3.5 25.7 2.5 3.8 39.6 263.8 2.7 2.2
France 1897.8 30.3 2.1 37.6 1.3 9.3 200.1 2463.3 5.2 3.2
Germany 2538.0 30.8 2.5 30.5 1.7 59 2711 6266.0 31.6 28.3
Greece 328.4 29.6 0.5 46.4 0.1 4.4 17.0 13.3
Hungary 176.4 175 09 494 04 3.9 15.9 36.6
Iceland 10.7 36.2 2.8 40.5 1.4 2.8 2.2 5.3

aStatistics in 2004, 2003, or 2002 are used for those countries that 2005 statistics/aiable.
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Key Figures in 30 OECD members and 5 non-membef2005)2 (2)
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Ireland 161.2 38.9 1.3 32.4 0.8 4.1 11.5 58.8
Italy 1651.1 28.2 1.1 36.5 0.5 13.8 72.0 716.0 43 6 4
Japan 3932.0 30.8 3.3 16.8 2.5 1.2 704.9 15238.6 18.4 6.4
Korea 1067.2 22.1 3.0 23.0 2.3 46 179.8 3157.9 0.83.2
Luxembourg 32.1 70.2 1.6 11.2 1.3 2.5 2.1 23.6 28 9 0
Mexico 1119.1 10.8 0.5 45.3 0.2 5.7 48.4 20.5 0.0 6 0.
Netherlands 573.0 35.1 1.8 36.2 1.0 3.4 37.3 1184.4 2.7 2.2
New Zealand 106.4 26.0 1.1 45.1 0.5 10.0 15.6 644 2 5 3.2
Norway 222.7 48.2 1.5 44.0 0.8 8.9 21.7 1114 2.3 2 2.
Poland 531.0 13.9 0.6 S57.7 0.2 13.7 62.2 10.8 0.2 0 1.
Portugal 211.6 20.1 0.8 60.1 0.3 5.3 21.0 8.5 0.6 9 O.
Slovak Republic 86.1 16.0 0.5 57.0 0.3 26.7 10.9 2.8

aStatistics in 2004,

2003, or 2002 are used for those countries that 2005 statistics/aiable.
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Key Figures in 30 OECD members and 5 non-membef2005)2 (3)
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Spain 1189.1 27.4 1.1 41.0 0.6 12.5 109.8 200.9
Sweden 290.0 32.1 3.9 23.5 2.9 5.9 54.2 652.5
Switzerland 267.4 35.6 2.9 22.7 2.2 1.5 254 800.7 5 7 8.1
Turkey 555.7 7.7 0.7 57.0 0.2 4.2 33.9 27.3
U.K. 1978.8 32.9 1.8 32.8 1.1 8.6 0.0 1587.8 29.2 14.4
U.S. 12397.9 41.8 2.6 304 1.8 9.7 1394.7 16368.3 57.4 24.5
China 8608.6 6.6 1.3 26.3 0.9 4.6 1118.7 433.3
Russian Federation 1559.9 10.9 1.1 61.9 0.7 53.6 9 88. 48.7 0.4 1.0
Singapore 130.2 30.0 24 364 16 6.2 464.6 95.3
South Africa 562.4 12.0 0.9 35.6 0.5 7.7 23.8 33.0
Chinese Taipei 641.2 28.2 2.5 315 1.7 2.2 17.9 aA34. 0.3 1.6

aStatistics in 2004, 2003, or 2002 are used for those countries that 2005 statistics/aiable.
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(3) Japan’s Catalysis Mechanisr
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4s Industry’s R&D Intensity 2in 30 OECD Countries (2005y.

35 agxpenditure on R&D in the Business Enterprise S6&&RD)
3a bSwitzerland, Australia, and Turkey: 2004; New Zeadta2003.
25 J\Source: Main Science and Technology Indicators 2DQ@ECD, 2007).

BRED financed by Gov.(%

> BERD Financed by Government in 30 OECD Countrie$2005y.

a|taly, Spain, France, Austria, Germany, Belgiumstalia, Turkey, and Switzerland: 2004; New Zealand
bSweden, Portugal, Greece, Netherlands, Luxembaund)Denmark: 2003.
Source: Main Science and Technology Indicators 2ZDQ@ECD, 2007).
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1.6.2 Government Support for R&D Investment by Industry

12
10

O Q0 H L
P & P O
F O P S D

8
6
4
2
0]

&

Q & O % O
o o0 LAY QY
SEESERS SN
Trends in Japan’s governmental Support for R&D Investment by Industry (1955-2005) - %

Ratio of government R&D funds in industry’s R&D expenditure
Sources: Wakasugi (1986), AIST of MITI, White Paper on Ja&sanScience and Technology (Science and Technology Agéncyial issues), and OECD.

Comparison of Governmental Support for Industry R&D Investment
in Advanced Countries(2005)- %

Japan USA Germany France UK S’pore

1.2 9.7 5.9 9.3 8.6 6.2

a
, Ratio of government R&D funds in industry’s R&D expenditures.

Germany and France are in 2004.
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Comparison of Government R&D Fund in Industry in Advanced Countries (2005.

aRatio of government R&D funds in industry’s R&D expendifurns.
b Germany and France are in 2004.

Source: 1955-1985: MITI; 1985-2005: OECD, 2007.
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1.6.3 System Stimulating Governance

(1) Three Dimensional Structure of Institutional Sysems

Institutional systems are similar to soil in that they cultivaterging innovation realized by means of 3 dimensional system.

1. National strategy and
SOCI0 economic system

3.1 Geographical structure
3.2 Culture and tradition

3.3 State of development

3.4 Paradigm and phase of society

3. Historical perspectives

1.1 National strategy

1.2 Social system

1.3 Economic system

2. Entrepreneurial
organization and
culture

2.1 Strategy and business model
2.2 Employment, Promotion and training
2.3 Structure and organization

2.4 Doctrine, philosophy and ethics

Three Dimensional Structure of Institutional Systens.
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(2) Three Dimensional Structure of Institutional Systems

Institutional systems are similar to soil in that they cultieateerging innovation realized by means of 3 dimensional system.

1. National strategy and socio - economic system

(31 Geographical structure N
3.1.1 Geopolitical environment
3.1.2 Population
3.1.3 Homogeneous/Heterogeneous, Gini index
3.2 Culture and Tradition
3.2.1 Culture, Custom and Common idea
3.2.2 National spirit, Moral ethic, Manners and Cusoms
3.2.3 Religion
3.3 State of development
3.3.1 Rapid economic growth
3.3.2 Mature economy
3.3.3 Diminishing population and Aging trend
3.4 Paradigm and phase of industrial society
iety

3.4.1 Indust . society, Inform. society, Post- inforn

3.4.2 Heavy and chemical industrial struct
- 343 Knowledge- intensified industri

3. Historical perspectives

National strategy and
socio- economic system

\ Entrepreneurial
organization and
Historical perspectiveJ

culture
3 Dimensions of Institutions

A 7~ 1.1 National strategy ™

1.1.1 Democracy
1.1.2 Constitution, Law, Regulation, Standard, Maner

1.1.3 Separation of the three powers of
Administration, Legislation and Judicature

1.2 Social system
1. 2.1 Education system
1.2.2 Employment system
1.2.3 Infrastructure investment

1.3 Economic system

1.3.1 GDP and GDP per capita
1.3.2 Trade- based nation, Export and Import
\ 1.3.3 Tech- based nation, ICT and Governme‘tICT _/

2. Entrepreneurial organization and culture

/2.1 Strategy and Business model 2.3 Structure

2.1.1 Vision and Business strategy 2.3.1 Entrepreneurial organization

2.1.2 Business model and Market policy 2.3.2Affiliated firms

2.1.3R&D and ICT 2.3.3 Foreign capital

2.2 Employment, Promotion and Training 2.4 Doctrine, Philosophy and Ethics

2.2.1 Appointment 2.4.1 Business doctrine and Culture

2.2.2 Promotion 2.4.2 Philosophy and Ethics
L 2.2.3 Training 2.4.3 Corporate governance

Source: Watanabe and Zhao ef(2006).

Three Dimensional Structure of Institutional Systens.
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(3) Institutional Systems for Innovation

1. Emerged innovation improves institutional systems which in turn indudegifimnovation ¢o-evolution).

2. This inducement may stagnate if institutional systems cannot adajoi\ting innovation lisengagement

Innovation generation Cycle Co-evolution
o Input  —rmrmemrmrmrmrmememes Machinery —-=-=r=rmrmrmrmeoes Output === |
Resources Emerging ;
] in innovation to
innovation market i
S —— R&D policy system e DN i Disengagement
InduceTurther ! | Imprdve
innovafon | : . institdtional systems
! Economic Natural |
i environment environment ! ,
; ; Examples of co-evolution
| g

| 1. Innovation — Economic growth
Socialcultural environment i — Further R&D

e ' 2. Innovation — Breakthrough growth

ituti constraints (e.g. energy) —
Institutional Systems tritiog e

3. Innovation — Advancement of IT

Scheme of Institutional Systems for Innovation. _, Death of distance
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1.6.4 Foundation of Japan’s Economic Development after W\N

1. Free trade system o _ _
2. Stable exchange rate GEr?ve SlltlrJ]anl(()n—>dStl_ff repulsive power
3. Cheap and stable energy supply (External shocks and crises)

_ _ ( Social mobility
1. High level of education Fair income distribution

High quality used demand S it
CCompetitive nature of the society evere competition

2. Diligence/commitment g

f g cors ‘ Zero defect, QC, TQC, CWQC User demand for high

Of workers/manager: \Active improve imported tec quality

3. Highly organized
systems and customs
(1) Seniority system [
(2) Life time employment
(3) Enterprise unions

Active inter- industry

Gaining consensus and trust stimulation

Smooth assimilation

-

Mutual stimulation
between dynamic

: Long-term consideration change in industrial
ment strategy Dependency on Government polic

Political stability (1955-1993)
Successive trends in catch-up and growt{1945-1990)_

: : 100
Foundation of Japan’s Economic Development after Wid War 1I.



1.6.5 Soci-cultural Systems Enabled Japan’s Technology Assimilatic

1. Socio-cultural foundation cultivated through theEdo period (1603-1867)

2 Homogeneity of the natioAHigh educational levef,Regional technology exchangeictive information flow by “Sankin Kotai”

[Cultural elasticity, Adopt and internalize ability, Pragmatism ]

2. Flood of western civilization and cultureriggered by
* Unexpected call by the US vessel in 1853 Meiji Restoration in 1868

3. Japan’s basic policy against the flood

Introduce and adopt a new civilization while being based its select
a Examination of traditional values, customs and institutions previously thoughtg¢abaolute value,
b Objective appreciation of the excellence of western civilization and edttoim efficiency/higher quality of life view

4. Meiji Government’s (1868-1912)policy
(1) Nat. targets/principle 2 Japanese spirit and western learniggcrease ind. prodWealth and military
(2) Policies:
(i) Cultivating Japanese spirit2 Educational systemd,Moral ethic
(i) Western learning 2 Literature,” Advisers,© Model factoriesd Advanced machinery,Sending youth

Introd., adopt., assimilat. and develop. of western tech. leetively
into Japanese social and cultural system without spoiling indi culture

101
Socio-cultural Systems Enabled Japan’s Smooth and Effeate Technology Assimilation



1.6.6 Inducing Mechanisn

Chain Reaction of the
Vitality of Industry

Explosive
vitality

Policy system

Grayve situation
risis and external

shocks 1. Vision
. . 2. Action
Induction St Ignition )
1. Energy crisis rong Incentive
, s potential Stimulati
2. Yen’s appreciation desire timulation
for Regulation
active R&D 3. Dissemination

Economic environment

L. Severe 2. User demand for 3. Active inter-industry 4. Mutual stimulate

competition high quality stimulation between industry
structural change and
R&D

Social & cultural foundation

1. High level 2. Worker’s diligence 3.Highly organized 4. Enlightened
education systems & customs management
strategy

Scheme of the Mechanism for Inducing Industry’s Vigorous R&D Activities in Japan. 102



1.6.7 Basic Scheme of Industrial Polic

Basic Principle

+ Activate Free Competition in the Marketplace
+ Stimulate the Competitive Nature of Industry
* Induce the Vitality of Industry

Approach

 Leading-edge Technology Foresight
+ Maintain Close Cooperation with Related Industrial Policies
* Depend on an Active and Flexible Approach

* Organize Tie-ups between Industries, Universities and Government

« Best Utilize Innovative Human Resources in National Research Laboratories. and Universities.

Policy Formation/Implementation

+ Vision Penetration, Identification, Providing Direction,
Instilling Confidence, Developing General Consensus

- Action Incentive: National Research Laboratory, R&D Program, Investment,
Conditional Loans, Financing, Tax Exemption
Stimulation: R&D Consortium, Publication, Open Tender
Regulation: IPR, Monopoly, Accounting

+ Dissemination Diffusion, Transfer, Demonstration, Public Procurement

Basic Scheme of MITI’s Industrial Technology Policy
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1.6.8 Policy Web

National Land
Development

Transport and Industrial
Cormmﬁnicatlon Locatlon and
Environmental

Policy Protection

Policy Labor

Policy

Industrial
Activitles,
Industrial Structure,

Environment

Policy Fiscal

and and
Monetary Industrial Ed
ucat
Policy Organization Poll lon
' / Policy cy
Research
Energy and
Policy Development
Policy

Science
Policy

Industdal
Trade
Policy

Foreign
Policy

Relationship of Major Industrial Policies. 104



Trends in Japan’s Industrial Structure Policy and Chronology of MITI In itiated R&D Programs

1960s Heavy and chemical industrial structure

1963 MITI’s Vision for the 1960s

1966-

1970s Knowledge-intensive industrial structure

The Large Scale R&D Project

1971 MITT's Vision for the 1970s

1974-

1976-79

1976~

1978-

1980s Creative knowledgentensive industrial structure

The Sunshine Project
(R&D on New Energy Technology)

The VLSI Project
(Very large scale integrated circuit)

The R&D Program on Medical
& Welfare Equipment Technology

The Moonlight Project
(R&D on Energy Conservation Technology)

1980 MITT's Vision for the 1980s

1981-

1982-91

1985-

1990s Creation of Human-values in the global age

The R&D Program on Basic Technologies
for Future Industries

Fifth Generation Computer Project

Key Technology Center Project
(Industrial R&D on Fundamental Technology)

1990 MITT's Vision for the 1990s

1990-

The R&D Program for Global Environment
Industrial Technology

Leading technology

Oil-substituting energy
Technology

Innovative computer
Technology

Medical and welfare
Technology

Technology for improving
energy productivity

Basic and fundamental
Technology

Innovative computer
Technology

Fundamental technology
initiated by industry

Global environmental
technology
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National R&D Programs

1966-

1974-

1976-

1978-

1981-

1989-

1990-

The National R&D Program
(Large-Scale Project)

R&D on New Energy Technology
(The Sunshine Project)

R&D on Medical & Welfare Equipment
Technology

R&D on Energy Conservation Technology
(The Moonlight Project)

The R&D Program on Basic Technologies
for the Future Industries

The Designated Research Frame in the
Global Environment Field

The R&D Program for Global Environment
Industrial Technology

Stimulation of R&D Initiated by the Private Sector

1951-

1967-

1980-

1981-

1985-

1988-

1993-

Financing for Industry’s New Technology

Tax Incentives for Technological Development

Conditional Loans for Energy R&D
(oil substitution)

Conditional Loans for Energy R&D
(new power generation)

R&D on Fundamental Technology
(investment/financing)

International Joint Research Grant Program

Conditional Loans for Energy R&D
(rational energy use)

Industrial Science & Technology
Frontier Program

.9‘3- Reorganization of National

Resé‘arch Labaratories

1 The New Sunshine Program
> (R&D Program on Energy &
................................... N Environment Technologies)

....................... Japan Deprlent Bank

"""""""""""""""" The Japan Key Techydbmmter

Chronology of MITI Initiated National R&D Programs.
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Chronology of Major Science and Technology Policies Japan (1995-2006)

1995
1996
1997
1998

1999
2000

2001

2002
2003
2004
2005
2006

2011

Science and Technology Basic Law
2 Basic Plan for Science & Technology1996-2000)
Guideline for Technology Evaluation

TLO Act
Program for the Science & Technology Development fdndustries that Creates New Industries
consists ofi) R&D Projects on New Industrial Science& Technobgy Frontiers,
(i) R&D Projects on Application of Industrial Tech nologies,
(i) R&D Projects in Cooperation with Academic Institutions, and
(iv) R&D Cooperative Project with Industry (from 2000)

Industrial Competitiveness Council

National Industrial TeChnOIO%y Strategy— Flexibility, Adoptability and Cooperativity of Ind. Gov. and Univ.

Industrial Technology Strengthening AcC

Structural reform of the central government
MITI —METI, STA and Min. Education -MEXT
MITI’'s 14 research institutes -AIST (Independent Administrative Institution)
Comprehensive Science & Technology Council

2nd Basic Plan for Science & Technologg001-2005)

2¥ Century COE Program

National University Corporation
Japan’s National Innovation Ecosystergind. Structure Council of METI)

& Basic Plan for Science & Technolog§2006-2010)
Innovation 25

4 Basic Plan for Science & Technology011-2015)
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1.6.9 Visions and Governance
(1) The Role of Visions

Expected futures
Trends
business as usual

Possible futures Preferred futures
Trends breakers of Values
critical uncertainties goals
v

Shaping the future

Visions
Provide a vehicle
for synchronizing
possible, expected and preferred futures
by
perceiving the future directions,
1dentifying long-term goals,
creating consensus,
instilling confidence, and
establishing the respective sharing of responsibilities
by broad sectors concerned.

The Role of Visions - The Soft Technology of Public Administation.
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(2) The Significance of Visions

(1) Horizontal perspective

“Visions” are formulated in view of a total comprehensive system
(general industrial policy) consideration, not a simple sub-system
(industrial technology policy) consideration.

(i1) Vertical perspective

“Vision” issues relevant to engineering have been further considered
by a special advisory committee with expertise on engineering while
maintaining a consistency and close interaction with general industrial
policy.

(iii) Joint product

“Visions” are joint products resulting through joint work and open

discussion between government and representatives from a broad

spectrum, including:

industrial circles, academia, financial institutions, small business, consumers,
labor, local public entities, and the media.

(iv) Prompt policy reaction

Prompt policy reaction in such a way as establishing national R&D
Programs has been implemented by the government in response to
Recommendations raised in “ Visions.”

(v) Fair return to contributors

Contributors to the “ Visions,” particularly industry and academia, have
been given the opportunity to participate in R&D consortia and to
conduct the R&D which they proposed as essential to their future.
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(3) Characteristics of Visions

(1) Concrete blueprint

Neither philosophical nor a general picture
but concrete blueprint.

(i1) Close interaction with total system

Not a subsystem consideration
but maintains consistency and close interaction with general policy.

(iii) Soft technology for shaping the future

Neither a plan with a means of execution nor simple prediction
but a soft technology of public administration for shaping the future.

(iv) Synchronization of three futures

The future to be shaped is
not limited to only expected futures, possible futures or preferred futures
but a synchronization of these three futures.

(v) Shaping and realizing the future

Outcomes are promptly responded to through policy implementation
in which contributors to the formulation are broadly involved.

Promote a joint effort regarding
Actions for shaping the future and
the realization of the “ Vision.”
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(4) Important Aspects of the Foresight Process

(1) Communication
bringing together disparate groups of people and providing a structure within which they can communicate;

(ii) Concentration on the linger-term
forcing individuals to concentrate seriously and systematically on the longer-term

(iii) Coordination
enabling different groups to coordinate their future R&D activities;

(iv) Consensus
creating a measure of consensus on future directions and research priorities;

(v) Commitment
generating a sense of commitment to attained results among those who
will be responsible for translating them into research advances, technological
developments and innovations for the benefits of society;

(vi) Comprehensive analysis and consideration
not a subsystem consideration but maintaining a consistency and close
interaction with the total system;

(vii) Concrete perspective
not only a general macro analysis and shaping but also micro in-depth analysis
and concrete shaping in a vertical manner; and

(viii) Consortia directing
new major long-term R&D efforts are generally proceeded by establishing
R&D consortia in which contributors to a “Vision” participate and realize their
proposals raised during the process of “Vision” formulation.

(ix) Credibility
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(5) Implications for Science and Governance
(i) Two Trajectories

In the 1990s: Vicious cycle of science & technology
inducing socio-economic development

Proceeding decades: Virtuous cycle of science & technology
inducing socio-economic development

(i) The Sources of the Success

Sophisticated governance of science & technology
towards constructing a virtuous cycle

(iif) New Paradigm
Low, zerc or minus economit growtr
Globalization,

Diversification of nations interest
Increasing complexity of science & technology

(iv) New Sophisticated System

—Restructuring of a virtuous cycle between Visions indigenous function and assbplicy instruments
including national R&D program and consortia

— A stronger interdisciplinary challenge
based on inter-ministerial joint approach and Prime Minister’s invgati

—Remidation and improvement of assimilation capacity
—Building stronger linkage between university and industry

—IT diffusion and capturing the momentum of the digital revolution
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