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Introduction - .
Jrganization: Aim qL__cI_ass — summary of syllabus

R - .

you want to get from class?
ﬁé ou talk, you don't learn unless you talk, and talk to each other

-\_

d need you in the discussion

= = Innovatlon is about people — people not institutions innovate - Craig
e Menter story (http://www.cwhonors.org/archives/histories/venter.pdf)

S—



http://www.cwhonors.org/archives/histories/venter.pdf

One G\Q/iew—e_}‘"

ass One: Solow and Romer — basic growth theory; Jorgenson
":i ovation in 90’s;

,, — how Investors look at innovation for investment

(o] 'g debate on comparative advantage of competitor nations
elements of DIRECT innovation policy — R&D and Education

= ew elements of INDIRECT innovation policy
_--f- ok at Innovation as an ecosystem

r—"’- =

= j_l,;oo_k at the “valley of death” between R&D

—
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General'Background - Definitions
sle=hld=s=understanding the natural world — out of “natural philos of ’Efwt_h;
observes natural Wor_ld — discovery orient

Technolog System to organ_ize scientific and technical knowledge to achieve a
)urpose — systems mclude techmcal advance plus models to implement

) 'YY NN - ale 'Y D -q...' ..

Research -3l _i:reasing scientific OR technical knowledge or both

Invention — '-‘-. )plying research knowledge to create a practical idea/device
Innovation - bwlt on scientific discovery and breakthrough invention(s) — is the

(o] § ?esearch Invention, & Development using both science and technology to
i __;ar- (spread advances into societal use) —

- =

. _.'-, int sectlon of invention and insight leading to the creation of social and
e nic value” (NI11)

:“" - — the ecosystem for developing innovation — operates at 2 levels:
-the |nst|tut|onal actors, and the face-to-face groups \

— 40/50 year cycle of innovation based on radical, breakthrough,

disruptive invention, then applications piled on this, productivity rises, then long
period of incremental invention

— where invention and innovation usually dies - gap between
research and development — institutions often notji place to bridge this gap, and
move idea into development prototyping and production, then invention into
innovation

[source for some of these — Prof. Charles Weiss, Georgetown University]




jonship Between SCIe_ée:&nd
ology:

_' mid-19th century — technology based on
ering” not science — telegraph, RR - early
h 'o'gy gives rise to early technology

e

| W pasic science gives rise to technology —

eput Dr. Lee Buchannan, ex-DARPA Deputy
Director— “I get nothing from basic science —
could drop that science funding and never
miss it”

* Now: technology gives rise to science — IBM
scanning tunneling microscope, nanotechnology




ttacks Classical Economic Theory — of

rrod, Evsey Domar:

=

| IS an economy capable of steady growth?

= Classical Answer: When national savings rate (income saved)=

e Static view: 3 factors — labor supply/capital supply/savings rate —
have to fix these ratios in balance

e Capitalism: just periods of alternating worsening unemployment and
labor shortages




del recipe for doubling rate of growth was simply to double the
vmqs rate, perhaps through the public budget (Keynes) — throw

C evelopment Classical: “key to transition from slow growth to
"Th was sustained growth in the savings rate”

_ ,} glow “ 1 thought about replacing the capital and labor output “with a
=~ richer and more realistic representation of technology” — a new theory of
-p .UdUctlon not just output levels




3'.; of flows and stocks of goods”

.-";' ng of “technological flexibility...opened up growth theory to a
y of real world facts”

1 A

= Growth theory — Solow Iin 1957:

== “Gross output per hour of work in the US doubled between '09 and '49’

== [productivity gain]

-
L

i
e
=

i
e

- = “7/8's of that increase could be attributed to ‘technical change in the
largest sense™

— “all the remaining 1/8 could be attributed to a conventional increase in
capital intensity




Unpacking Solow — Dennison:

2d US growth '29-'82 to brest -
ad term “technical progress”: '

5% increased labor output
ncreased education qualification of average worker

growth of capital [same as Solow]

: *'Improved allocation of resources” [ex.- shift of labor from
griculture to high productivity industry]

= 1% economies of scale

e - 34% growth of knowledge or technical progress [Dennison’s narrow
-*'-lr:_—:: deflnltlon]

~ Total 109% [extra 9% is misc.factors that reduce growth]
~_ Pennison basically confirms Solow’s broad “technical progress” total
Solow reduces Dennison’s factors to 3 broad factors
- “straight labor”, “straight capital” and “technical change”
- argues that technology and related innovation is 2/3's of growth

- “technology remains the dominant engine of growth” — human
capital (talent) is part of that and in second place




point — railroads, canals, electricity, telegraph, telephone,
computlng, mternet all transform growth

'I

nitial technology advance — yields new applications, which pile on
-, 2n the advance — which yields productivity gains throughout
- which yields real growth in wages, income

S

OW'S 5 basic point about classical economics: “No amount of statlstlcal
ide nce will make a statement invulnerable to common sense”

good News: you can increase your rate of economic growth through
#échnologlcal advance — you can improve real incomes/societal wellbeing




Uﬂﬁ@low what is the role of
[al? -- A SLLonrtlng-P-l-ayE'r

oroduction only with —

YOO E M N

VvV alill U ClIC Al

re the effectiveness of innovation in increasing output would be
)y the rate of gross investment”

?_faster transfer of new technology into production with investment

= - — ——

‘Comment: what kind of investment are most |mportant to innovation?
ngel, Venture Capital IPO’s, general equity, lending)
d a

* Comment: Boom & Bust: Periods of boom and stagnation can and do
appear due to Keynesian and classical unemployment — Q: can accelerating
the rate of technological advance/innovation reduce the “bust’ period?

— Implication: innovation capacity is a key
— A healthy innovation system is a key to growth
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* He’s not ready to measure innovation system elements

i =

- s He therefore treats tech innovation as “exogenous” - as outside the
understood economic system and outside of metrics

i




owW’s Warning: —-__"’_‘a"
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0 / Was a capture economy -- piracy, war were

Pol
]

apture wealth

¥

ing Frost:
the change we think we see in life is due to truths being in an out of

="
g

“‘social Institutions and social norms evolve... so economic behavior will
= Surely evolve with them”

o i ——

= #50: “the permanent substructure of applicable economics cannot be so very
== lgrge”

i
i




_Paul M. Romer — Prof. of Economlcs -

10 --“Endogenous Technologteallﬂg'ge” -
of Political Economy' vol 98, pp. 72-102 (1990)

INTS
model” — growth is driven by technological change

.
,-'- - T

ch IS driven by researchers who are profit maximizing agents at the
ediate pre-commercial stage

,_ echnology IS not a conventional good and not a public good” —itis a
““non-rival” potentially excludable good, so it won’t support price-taking
: competltlon It's more like monopolistic competltlon

‘3.~ —Given that role, too little human capital is devoted to research (the major
input into technology, so behind growth)

Growth theory is therefore ENDOGENOUS - part of the economic system
not outside it

Integration into world markets increases access to human capital and
technology and therefore increases growth

A large population is not enough to generate growth, the key is the size of
human capital (talent)




per hour worked (productivity) now is 10x as valuable per
1 ked 100 years ago

e hnolooucal change

t other specific and measurable factors generate growth
OU put per worker?

: _:;"W” &

- T

~ — increase in effective stock of capital/worker




er's 3 Premises

logical change (“improvement in the instructions for mixing
er raw materials” —ie, tech. is physical product-based, not
; _“Iles at the heart of economic growth”

tec nology provides the incentive for capital accumulation and
~ Dboth of these improve output per worker (of products)

;_r—

10 oglcal change occurs in large part because of people who
,__.;.'.':_-—"f ond to market incentives

R i - —— =
Sy ——

e &= —

= - academic scientists on gov't grants don’t but when new knowledge is
o - translated into practical goods, market incentives are key

3) Technoloqmal knowledge (ie, “instructions for working with raw
materials”) is inherently different from other economic models:

- developing new and better “instructions” is a fixed cost

- this Is the defining economic characteristic of technology




—Technological_lgngubdgé;.—

89-191) “Rival good”-property: use by one person or firm

e —

-_good”-property: use by one person or firm in no way limits use
jer — so technology is naturally non-rival, it can be readily shared or

d by others

idable” — if the owner of a good can prevent others from using it —
;-*-: al (patents) or commercial trade secret

-3'1':1’_" ology Is partially excludable

-
e

:"},4_?:_7- fﬁdn rival feature of technology based growth is “unbounded growth”
— “and “Incomplete appropriability”— meaning it can only be partly excluded

—

-~ = So: technology is unlike many other economic goods

e Note: given the power of technology (from human capital in research) for
growth, our investment in human capital/research is too low

Technological innovation needs market incentives as key to growth by
technological agents doing research




e —

)mer — Role of Huma_gaprtal_,.

n the total stock of human capital (engaged in research), &
ropc . O o E . case

nic growth

_ ' 2| of human capital and fraction of that capital devoted to research
nigl| est In human history

uman capital (engaged in research) = economic stagnation

\J
s
1

=
f.
'-d -

ttle growth In prehistoric times (except increase in labor)

— -
—— -
=R el

—_— —o—Ci\ rnzatlon therefore economic growth, could not begin until human capital
- “was spared from production and allocated to research

‘Gov't policy: subsidies for capital compares poorly to subsidy for human
capital (engaged in research)

Gov't’s best policy should encourage allocation of human capital to
research; next best: subsidize production of human capital (education)




-#"

e |ess developed economies can benefit from access to human capital via
~ trade and the integration it brings (story of growth in Asian economies)

® Closed economies stagnate




-a"

r, unlike Solow, growth theory incorporates innovation as an
NOUS not exogenous factor

Y é'technology innovation as inside and part of an economic
Ut outside it

'_

1]
-

== __,-,Q mer’s concepts of technological knowledge and human capital engaged in
-=1@ grch create tools to begin to measure innovation’s eco. role
;.f -
*- Romer takes the major next step past Solow

e _Classical Economics could not explain why “the rich get richer” - the wealth
of nations - it was an equilibrium system

Growth theory is a dynamic system - explains growth based on innovation
capacity - and some nations have big innovation capacity lead




: 90’s — story of technology

re Ktnrougn driving economic growth

- .-T—ﬁesurgence of US economy in ‘95-'00 outran all expectations

e

- '_'_:'— Rapid decline in IT prices provides key to the surge in 90’s US economic
~growth

— This development is rooted in the semiconductor technology sector




rJorﬁen' “Better,Faster -
yer” mantra of new economy

abs ’47 (Bardeen Brattaln Shockley) develops tranS|stor — from
ation In digital form

_Circuit:

) ;-Kilby, of Texas Instruments, and Robert Noyce, Fairchild

onductor — develop IC's/semiconductors

I tons of transistors to store data in binary form — so at first IC is for data
ge — Memory Chips (DRAMS)

_ __[ on Moore (Fairchild Semiconductor) — Moore’s Law — each new IC: every 2

ears doubles the no. of transistors per chip & cost of transistors per chip cut in

=l

~ — Thisis a huge deflationary factor in economy

— 1968 — Noyce, Moore and Andy Grove found Intel
— Begin making Microprocessors or Logic Chips or Microchips

® First logic chip — 2300 transistors

® Pentium 4 has 42 million transistors




argenson-Computing price/growth
ications Equipment

so down driven bv cheabe amiconductors

nission technologies — ie, fiber optics, microwave broadcasting,
1 unlcatlons satellites, DWDM (dense wavelength division
_ Iexmg multiple S|gnals over fiber optic cable S|multaneously) --
gress at rates faster than Semiconductors — key to “free” internet

_ Growth Resurgence
= :"_"‘"}’F eleratlng growth in output and productivity in 90’s

=== _,____, ﬂrlven by decline in Semiconductor prices

~—  Leads to price declines in computers, communication equipment
- ~ - *® Computers: 90-95: -15%/year price decline; 95-00: -32%/year
e Software: 90-95: -1.6%; 95-00: -2.4%
Yields: capital growth in high productivity goods

Big growth in 90’s in this area, much higher than any other capital
goods -- And:

- widespread: pervasive in economy - in homes, business, gov't




genson-Accounting for Growth

eases in computing power in US: -.f" -
productivity in IT- producmg industries &

tes to produc v In. wWhole econom

vity Measures:

- or productivity increased steadily from '48-'99; sharp acceleration in
In response to Semiconductor price drops

__ of productivity enhancing equipment:

~ boos Sts growth in US ONE FULL POINT
f- =G alone accounts for half of this

- '__z:[ .26% of GDP, yields surge of US productivity in '95-'00

— . Summan[ IT growth drives capital investment in IT
ap|tal goods, which drives productivity gains, which

LSUSQI‘O_Wth
e Background:
— ‘45-"73: US productivity growth 3%
— '73-'93: US productivity below growth 3%
— '95-'00: US productivity growth 3.5%, and economic growth 4.2%




—

-'dfgrovvth depends on accelerating productivity

pens now that Moore’s Law has slowed?

q* 'ctor Industry shifted to 3-year product cycle after '03

_ nce of IT industries has become crucial to future growth

rospects. We must give close attention to uncertainties that surround the
= future development of IT.”

::-: ﬂ%ncL What will IT role be of Korea, Malaysia, Singapore, Taiwan, China,
T~ '—Indla’?

=

~  _ Economic law of comparative advantage is now knowledge-based
Instead of resource-based

— Knowledge moves faster and is less excludable than physical resources




— Part 2: Patternsof

e —

I
| |
stment In Science anc
" , N /

nology

rivate investment requires short time-frames
: 'f”'o direct investment in R&D
Fr: Federal Investment in human capital (education)
e Nelson on national innovation systems

® Connecting research to development — the
“Valley of Death”




ch — The Next WDE.—

vich, John M.A. Roﬁ-}_n__troduction to Nanotechnology — 9/4/01

i

SIC " OINT: how do investors look at potential technology
reakthroughs? Do they believe they drive growth?

o "'fO_:'Poire: growth innovations drive the economy and stock market

Takes 28 years for wide acceptance of a new technology
Takes 56 years for rapid growth to evolve

Takes 112 years for technology maturity — after that, growth in the
technology area parallels growth of population rates



http://www.slideshare.net/tseitlin/intro-to-nanotechnology-merrill-lynch

eport — “Vision /Enabler/
er I\/Ia;__gTPatt i~ <

2, Nanotechnology = fabrication at the molecular scale (ie, at
ometers, where nanometer = 10 hydrogen atoms)

"‘

— Richard Feynman — “Plenty of Room at the Bottom” — 1959
] 1 he potential of nanotechnology

- '.E’nabler — for example, the scanning tunneling microscope (IBM)
oW 3d measurement and basic manipulation of nanoscale systems (20

=ﬁ'-ﬁ1rd Research Mass — 1st: Eric Drexler’s 1981 journal article; by 2000,
- 1800 journal articles (similar to total number of internet articles in early
— —_9b's)




port: Investment
MusLe Sho

. e

e futuristic market is fascinating, it is not inevitable” - p.2

hnology is close to commercial markets” — p.2

. ‘ key short term markets — p.5

0-2 years - short term

| ,',__-"""' years — mid term

e '_‘“Ihe keys to nanotechnology are manufacturing and communication. If

you can’'t build it in volume, then there is not much you can do with it.” —
P.S




4. MerrillbReport: Near-Term Nano
ment Focus: —

rtunity One: Instrumentation — p.1 — “In any new
nology the first winners are the tool makers”

the interdisciplinary nature of efforts in nano Instrumentation

)rt: “chemistry and mechanical engineering”; teams of “chemists,

1C|sts biologists, material scientists to accelerate research and
merC|aI spinoffs”

PO rtunity Two: Semiconductors

e — W|th|n the next ten years, molecular electronics is expected to become
= ~  available as a replacement for silicon-based computing — HP’s Stan
— —-Wllllams —p.4

~ — Merrill: no investor interest because the time-frame is too long-term

- = Ultra small nano-based hard drives available at IBM (Peter Vettiger) in
2-3 yrs, or memory chips in 3-5 yrs

— Intel's Gary Marcyk combined “complementary” aspects of silicon and
nanotechnology microprocessors in mid—term, making a better
investment option than nanotech microprocessors at HP

SO: WHO WILL DO THE LONG TERM RESEARCH AND
DEVELOPMENT? — IS THIS A GOV'T ROLE PROVIDING
“PUBLIC GOOD"?




LICIT) INNOVATION=
1:+-R&D INV NT =

o
DLOW IS RIGHT,

'- - - -
i — ST
-

g "____"I'fECHNOLOGICAL AND RELATED INNOVATION IS RESPONSIBLE
— 5.‘..:-—- _R 2/3'S OF US ECONOMIC GROWTH

e — - =8
A ._..|.—-
.—="_"E' .-

_1""

= 'THEN R&D INVESTMENT IS A CRITICAL PILLAR FOR
-~ OUR ECONOMY.

e LET'S REVIEW R&D INVESTMENT PATERNS:




L FEDERAL RESEARCH FUNDING:

FEDERAL R&D FUNDING PRIORITIES
Composition of R&D Funding Has Shifted To the Life Sciences

Broad Field of S&E

20000.0 Life Sciences

Engineering

Physical Sciences
Environmental Sciences
Social Sciences

Math & Computer Sciences
Psychology

Other Sciences, n.e.c.
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Note - FY 2001 and 2002 data are preliminary

Figure by MIT OpenCourseWare.

Rand, based on NSF data; cited: E.Milbergs, Innovation Metrics, NII, 1/2004




ederal R&D Spending Asa’ ..
ent of GDP
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Source: NSF R&D and BEA GDP data




)palization of US Industrial R&D™

Foreign R&D
" Overseas R&D

Billions of current dollars

1111

1989 1994 1995 1996 1997 1998

Notes: Foreign R&D refers to R&D performed in the United States by U.S. affiliates
of foreign parent companies. Overseas R&D refers to R&D performed abroad by
foreign affiliates of U.S. parent companies.

Image by MIT OpenCourseWare.

Source: P.Fluery, Yale Eng.Sch.




‘90- 99 Changes In Federal Academlc
ch Obllgatlons by Fleld

Physical sciences

Engineering

Environmental sciences

Mathematics

Psychology

Social sciences

Other sciences not
elsewhere classified

Computer sciences

Life sciences

Percentage-point share change

Image by MIT OpenCourseWare.

P.Fleury, Yale Eng. Sch.



MA DERAL R&D FUNDING

y . - . - . #
:DERAL R&D ROLE DECLINING:

| AU U

Life science (NIH) —doubled '98-'03, near $30b

hysical science research declined as % of GDP

@D FUNDING CAPACITY THREATENED:

asmg pressure on Federal budget

Exploswe short term debt -$400+B deficits through decade,
which will be exacerbated with baby boomer retire

® Soc. Sec./Medicare Trustees estimate $72 trillion new present
value of federal unfunded entitlement liabilities — total US wealth
$45 T

® Taxation capacity may be politically broken

® Congressional budget, appropriations processes breaking down




DINT: IF ROMER IS RIGHT,
CAPlTAL (TALENT) ENGAGED IN RESEARCH, IS CRITICAL

P! T FOR THE TECHNOLOGICAL ADVANCE WHICH DRIVES
='-5.=-' ONOMIC GROWTH




._'_:H_I_'Dh_r_dspector theory - # of “prospectors” impacts
er of finds

I on’t fit your talent base to your economy; your talent
_ ? sizes your economy — they relationship is dynamic

" "ota | # overall US degrees increased between '90 and '00

ﬁgt. science/engineering degrees declined same period

-




The Proportion of Science and Engineering Degrees Grew Abroad
While Declining in the United States

Percent of Change 1985-95

[1 Science [ Engineering

Sweden Germany Italy UK. Australia Japan Canada U.S.A

Change in Science and Engineering Degrees as a Percent of First University Degrees,
1985-95

Figure by MIT OpenCourseWare.




.
Ratio Of First University Ns&E Degrees To 24-Year-Old Population

4

United Kingdom
Finland

South Korea
France

|
Japan
Taiwan |

U'H'

Norway
Canada

Sweden
Netherlands

|
B |
-
|
B
Germany |
|
e |
_—‘
|

Ireland

Spain
United States
Switzerland |

|
:I;I

Belgium ) 1990
Mexico

China [™

6 8 10
First University Degrees Per 100 24 Year Old's

Note: China's data are for 1985 and 1999. Other countries' data are for 1975 and 1998 or 1999.

Figure by MIT OpenCourseWare.

NSF, Indicators, 2002 -
Cited in E.Milbergs, Innovation Metrics, NII, 1/2004
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—=—Engineering

—=—Physical Science

—=—Earth / Ocean / Atmospheric
—=— Math / Computer Science

—=—Biological / Agricultural




- Doctoral Degrees --

NS&E Doctoral Degrees

United States

Number of Degrees

l l l
1975 1978 1981 1984 1987 1990 1993 1996 1999

Figure by MIT OpenCourseWare.

NSF Indicators, 2002 - Cited, E. Milbergs, Innovation Metrics, NII, 1/2004
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jovation Systems — A Comparative

aI capabllltles of a nation’s firms are a key source of
lve prowess”

elops the term:

=

fona 'Ih novation systems”
" the Ierm make sense despite transnational businesses? —

'___—'_:'

lI” ably yes

= 1.-

_'

_-

mnovatron” Nelson uses broad def., “process by which firms master
‘and get Into practice product deS|gns and new manufacturing
~processes”




Nelson™“Schumpeterian Innoyator”

/e Capitalism occurs via |nnovat|on - It’s not necessarlly the
Oclated

ovation
*- nation’s concern is in broader “innovative capability”

K ly to firms or onIy to science research but to a SYSTEM
mstltutlonal actors” that influence innovative performance

i

W the way technical advance proceeds” — what are the “key
—proces s”’?—A science and trial and error learning

-_" =
e

:—Q'—Tnstltutlonal actors? A: univ.’s, firms, government agencies and
~policies

—~—
a ""l‘. ..1-"

* Q: is there a “common analytical framework” across nations?




———

ce gives rise to new technology” (and vice versa)

.i-,.

- Science as Leader:

-

-,. — electromagnetic induction
N ';:'*- cent light, gramaphone—Edison, telephone-Bell

joars .

| 1887 — radio waves — radio, TV
*j--—-:: 0/TV, electricity — NOT because scientists seeking applications

fmlstry Science as Follower:
—First- alchemy, tanning, dyeing, brewing — practical applications
_ 1860’s — Kekule — molecular structure of benzene — leads to organic chemistry
— Polymer chemistry — grew from industry needs
— “Chemical Engineering” — merger of chemistry and mechanical engineering —
Interdisciplinary advance




.More Sciéncew

- ——

am engines

Tlc_)ps electricity-based lighting (flow of electricity across gap)-—
f'electron theory — yields much of 20™" century physics,

[ —
-~z

-
"-.-

hnology (starts with Wright Bros — bike mechanics) — yields
rospa e engineering

..__-—

— Asistor (Bardeen, Shockley, Brittain - Bell Labs) in 1940 leads to growth of
== oﬁa state physics

-

} ‘C‘omputmg yields computer science

Lasers and optical fiber yield science of optics

SO: science yields technology but technology yields science — rich and
complex interaction

Need both science and technology leadership for both science and
technology leadership - interact




h_|gh tech — is not only invention but:

hoosmg the right “mix of performance characteristics” — ex.-
| *“ craft wing

, '« D spendlng Is “Incremental improvements” — ex., jet engines added
: --_.'-_._..-,'.-j ircraft replacing propellers

—

o] ocess of incremental advance is not classic science breakthrough

1ncrementa| vS. radical innovation - need both




o on. ho are thelrwﬁo_g.._

v Lab- by WWI industrial research lab staffed by Univ.-
ientists and engineers — dedicated to “invention” and
tal enhancements

° Note: R&D only part of larger innovation picture — management
style, organizational organization, including for R&D, also
Important




onnection — modern industrial research lab and modern research
9 as companions/partners

) mic science fields are applied-oriented: material science, computer
e, € meenng

< .' -

= ._:5 niv. supports technical advance — how channeled to nation’s firms? Some
-~ argueitisn't

;,—;.::_ —
3. Gevernment Labs

..l-"
J—

— US goVv't. labs key to advance in agriculture, health, nuclear energy — they act via
- public service missions

— [Gov't. labs substitute in many countries for Univ. research — Korea, Finland]




Institutional Actors”’Con’t

—._E__._'_ -

Sector Support for Industry R&D

B e T

ustrlal R&D is rationalized under gov’t. agency mission - ie,
&D with industry- for defense

f'__
4".

nte r’ mdustry Differences in Innovation Actors:

-_- ....--.: -

_gffected by role of suppliers/users, etc.

= '--no standard model

~ > in complex technologies: supply chain and
_ customer/users play role in innovation; also

* component and systems producers

* So: “innovation networks: - result of a
community of actors




-b"

_* Note: US research Univ's (Hopkins, Columbia are first) are modeled on
~ German Univ.’s; R&D of US chemical industry (first large scale industry
R&D) modeled on Germany

"70’s-'80’s Japan Innovation System Model:
— Resource poor so strong export orientation since 1880’s
— R&D more tied to industry
— Gov't via MITI has explicit technology development policy




Country. Innovation. ..
Differences: —

._-.g;"_ income countries
of economy in R&D-oriented industries
high income countries
Lower r;'cbme countries
-.*';4 '_'_i'thbut resources have export orientation — Germany, Japan, Korea
z securlty Imputed to/connected to innovation system — in US,UK, France
5 Ffense R&D is majority of gov't industrial R&D
— Japan — industrial cartel structure set with high industry R&D pre-WW?2 period
-o Differences in gov't role:
— US, UK — limited gov't role in industrial R&D outside defense

— Low income countries and resource short, export-driven countries — large gov't
industrial R&D role




ment,

-."_lr

." bnsumer needs,

18
U
,_4

“Tinke KEO to upstream suppliers and downstream markets,

—-.q.l- =

= '—the bulk of their innovation has to be by firms themselves [even if
networked to others]




2 Other Key Innovation..
s«Factors:_ I

lence based industry depends on university

‘sector requires broad base of educated talent in and outside R&D

-;i's' - Talwan — education led growth
"i ONETARY, TRADE POLICY - government fiscal and monetary

'ne of the most important ways governments influence successful

¥
rN

—IC SUPPORT OF UNIV. OR GOV'T LAB RESEARCH --

-— "ﬂ
= " "Ub
_*:'._._

-d—_
i ——
= For univ. or gov't labs — direct interactions between researchers and
~commercial enterprise is critical for moving innovation into practice — you

“heed a “technological community”

Defense research has supported many new fields, especially in the US
(electronics, computing, semiconductors, aerospace)

* There is “declining spillover” because US military has shifted from new generic technology to
specific hardware — And note: US public R&D funds much lower outside defense




> NelsSeR- Q: What About Explicit
igh Tech_InnovationsR0le?+

e —

drop: High tech advance key to high wages, high

ation System Goal: create systematic technical
Ice In series of areas
0 value occurs downstream in industries
1CO E)oratmq these advances

._M: live gov't policies can be effective in generating
-~ competitive advantage in tech advances and are
;,-__" = comparatlvely low cost

- * And — these active gov't policies can play a role in
helping an industry take advantage of upstream
technology advances

e QOverall — advances in key tech sectors are “building

blocks” for advances in downstream industries, as well
as upstream




DIRECT U.S.
ION SYSTEM
TN

E?Labs
Ication, Training
Ip ort for Industry R&D (primarily via Defense,

o= o]

| d ICYy Missions)

— Prlmarlly research, but support through all stages if agency
-- ~ mission

= =DIRECT — PRIVATE SECTOR
= Industry R&D
* Primarily Development
® Goes through engineering, prototyping and production

— Training




INDIRECT U.S.
ION SYSTEM FAG

monetary policy
> policy
chnology standards

=

Tec| '__“E)Iogy transfer policies

P

= — Gov't procurement (for mission agencies)

S

_.-;_-_--:___— - pr—
il
el

= ,c_—:_—; Intellectural Property protection system

=

Legal/Liability system

Regulatory system (environment, health, safety, market solvency and
market transparency, financial institutions, etc.)

Accounting standards (via SEC through FASB)
Export controls
ETC.




___NOVATION FACTORS — SET BY PRIVATE SECTOR:

| Capital — angel, venture, IPO;s, equity, lending

ement & Management Organization, re: innovative and competitive
_“afnty of firms

——

: _-_- — .'I: alent Compensation/Reward system

—

— ETC.




M. BRANSCOMB & PHILLIP E.
VALD E

~— E

o
1N VENTlON AND_TN'NDVATlON AN ANALYSIS OF

N £ t.“ k

Dept., NIST
02-841, 11/2002)

= und/ng for technology development in the
_ '1 ‘age between invention and innovation comes
— ﬁrom

~ o Individual private-equity “angel” investors
® Corporations
® Federal government programs
Does NOT come from Venture Capital




scomb-Prof. Emeritus, Kennedy School,
- VP & Chief Scientist — IBM; Director of
ohysicist — atomic and molecular ions; NSF's

| h Award winner
;.g_. Bhil AL erswa/a’ Ass't Prof. at George Mason-=>
— B ans*comb s student & collaborator at Harvard




ranscomb & Auerswald .~

.

S CON'T — ——

— _——
ets for allocating capital to early-stage tech

ponse to these inefficiencies, institutional
mem‘s have evolved for early stage funding

na /0/75 for success in science-based tech innovation
are concentrated in a few geographical areas

= = nnovator-investor proximity Is Important
———r

= & Federal role in early stage tech transition is very
significant

® Fed. Tech development funds complement and don’t
substitute for private funds




The Valley of Death

Basic
Research:
Invention

'l I"I'l .|]

Research:
Innovation

Political picture
of the "gap”

“Valley of Death”

Source: Lewis M. Branscomb and Philip E. Auerswald.



Branscomb & Auerswald, Con’ t— The Linear Model

irnaniicn. funcions| I Dusiness validation | | INROVANON, Mdw firm OF proGram | | viakke Dusmess

- [
2 3
I i iy aarly-stage 4 5.
sl of o technology proguct _ production/
resaarch . . devalopment develapment marketing
invention
(ESTD}
= - L. i T r e - , TI- 3 1
2 -,JI_ i |
i Corporate venture
Angal Investors, : functs, equity,
M5F, NIH COMparations, | commercial debt
COrporate technology lats, Venture capitl
resaarch, SBIR phase |

SBIR phasa |

Source: Lewis M. Branscomb and Philip

E. Auerswald. cee e wne oo e souron gocasionally Tunds this lechnological sate

- S0UrCE frequently funds this technological stage




Branscomb & Auerswald — The
ar/Pipeline Model;Con't

ava a8 (] A

d multiple parallel streams, iterative loops through
ges, and linkages to developments outside the core
y single company”

listically, “patents occur throughout” the phases

__,,_,_?f*_:-- top line of the chart does not capture “the full range of
r—-_‘f"EXIT options, the alternatives and branches of where
prOJects go, and what happens to them?”

= “Darwinian Sea” of interaction between R and D and
development stages better term ---




Branscomb & Auerswald, Coln’t

The
Darwinian Sea
The Struggle of

Inventions to
Become Innovations

Innovation &
Research & Invention New Business

The "Struggle for Life" in a Sea of Technical and Entrepreneurship Risk

Source: Lewis M. Branscomb and Phillip E. Auerswald.




Branscomb & Auerswald, Con'’t
| Ing Sources — Early Stage -
.;.__., ology Development ($5- $3GB):

Industry Angels Federal Venture State Universities
Government Capitalists Government




Branscomb & Auerswald, Con't

> tech development: product spees for ah ——
a’ market are developed and production

asses are reauced to practice, defined, and proauct

aplisned. So A0 E yention turnea nto

ype(s), engineering a’e5/gn design for mng., and
/ :__merket set.

iture capital funaing is spent on proauct adevelopment

ana business development not early stage tech
-j_;:,.. ae elopment

..-—

—

. Between $5B (2%) and $368 (14%) of overall US R&D

- Spending was devoted to early stage tech development —
the 2 numbers were modeled based on different
definitional “early stage” interpretations




Ar coﬁ‘b & Auerswald Con't

ate Innovation: Generally has (o be within
ore business

d on incremental innovation, rarely radical
tlon

70, ate management tends to drive investment
, * m’ proaucts where the commercial case Is stronger

= sl e., incremental R&D in core business

. ‘_— g

#z—:a— O yfsourcmq R&D. Corp’s increasingly using external
--____,.-—'

_—— a///ances/uartnersh/ps/consort/a more reach for less
- money and risk, enabling early stage investment

Justification

® Some corp’s establish thelr own venture funds to locate
and support innovation outside firm




omb & Auerswald, Con't"

RPLAYERS: = |

Univ. research to commercial range; use
ole Act (Univ. holds patent for federal
conducts)

ﬂ‘ . a few starting commercialization funds

— 4- Y gels—lnltlally family members, friends;

™
. E o —

— — now“Band of Angels” and solo professionals
= Federal - strongest programs: SBIR, ATP




R

t ' ?@E’_ oy
to growth: “technology and r d innovation”

d: R&D)

ehine ology: “humat capla engage IN
prospectors (shorthand: Talent)

DN — key to 90’s growth: SC's, multiply productivity
ou’ economy

, -r'_

el 1l — investors understand value of technology
___‘ h roughs, but only support short term development

If réct Innovation Factors -
_— R&D and
— Talent




L Q comparative analysis of national innovation

) ._.,. ooerates at the INSTITUTIONAL LEVEL -look a
= conne actions, interaction between innovation actors in public
:: orivate sectors

-~INDIRECT INNOVATION FACTORS, TOO

— |V|IX of indirect and direct innovation factors in interacting Iin
an innovation ecosystem

e BRANSCOMB AND AUERSWALD
— Valley of Death between R&D
— Not linear, a Darwinian Sea
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