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glesSs Oreanization: Aim of class — summary of
/Hrrom — .

(oLlf q ckgrounds Interests; Mine
\/\/nglz._c you want to get from class?

- Orr ey you talk, you don'’t learn unless you
alle, > and talk to each other not just me —

“'ﬁave 0 read - need you in the discussion
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“* |nnovation Is about people — people not
Institutions innovate - Craig Venter story
(http://www.cwhonors.org/archives/histories/ven
ter.pdf)



(http://www.cwhonors.org/archives/histories/ven
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- Mem[L. — how Investors look at innovation
for] MVEStmEent

S \ote emerging debate on comparative
: ﬁTvantage of competitor nations

T Rewew 2 elements of DIRECT innovation policy
~ —R&D and Education

e Review elements of INDIRECT innovation policy
® | ook at Innovation as an ecosystem
® ook at the “valley of death” between R&D

2Ss.OnE; SplowiandiRomer— bas)
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seneraifBackground = Definitions

S eERipderstanding the natural world — out of “natural philoseplk w
ICERCETILUIHES=relserves natulal world — discevery. ok

- ———

Technology — ystem to organize scientific:and technical knowledge to achieve a
gracijczl] gurc — “systems” include technical advance plus models te Implement
Tzt zlclvelrlos moveJ OINOLEE} gnrom LONITIpIEMEN [atienE

Research — -easmg scientific OR technical knowledge or both
Invention — as ,jylng research knowledge to create a practical idea/device

Innovation — L:Hlt on scientific discovery and breakthrough invention(s) — is the
SySuelin orJﬁ{" search,, Invention, & Development using both science and technology to
C ommere 2l Jze (spread advances into societal use) —

gf;_fm :sectlon off Invention and insight leading to the creation of social and
~ ECONor nic value” (NI1)
——

a--‘-"; In — the ecosystem for developing innovation — operates at 2 levels:
—the lnstltutlonal 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 not in 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]



<elaw |p Between SCIen g....,
IECHNC ogy ~t-. ‘&ﬁa

EBETore mid=19th c'e'ntury — technology based on
il "erm., ‘not science — telegraph, RR - early
tec hru gy gIves rise to early technology

— -.a._

' baS|c science gives rise to technology —

: B ebut 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
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Thisimage isin the public domain.



r<ooer Vi Solow Gro

(NS el-Unlv Press—iEEEB..
SO0 Eco., MIT, Nobkel Prize 1987

SO OVTATLACKS! Clal ==
ROy Rlelifdel 'Evsey Domar:
—- G \/\/r ﬂ is an economy capable of steady growth?

— € L:rs* rcal Answer: When national savings rate (income
el ed) capital/output ratio + rate of labor force

wih JI7E0T

at’l Medal Tiech.
-0

-
v - 1/

== _°_Have to keep capital plant and equip. in balance
- with'labor supply

® 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



2 SOIOWWE Rethlnklng R
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SEIeWE “the story told by these [Classical] moedels felt
Wrorief”

rlrtrrorl i ad a hlnt — vague generalizations about
emrreo.af"- Jeuriall behavior”

G Jr.JJ;c AlfViodel: riecipe for doubling rate of growth was
Jmc V. to double the national savings rate, perhaps
agh the public budget (Keynes) — throw money at it

Economic development: Classical: “key to transition from
~ Slow ‘growth to fast growth was sustained growth in the
~ savings rate”

-® But Selow: “ | thought about replacing the capital and
labor output “with a richer and more realistic
representation of technology” — a new theory of
production not just output levels
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B solowsTBasic Finding: -
s . C— - QJ-*

e-no of the savings

SHENRALE! off growin IS Inde

(JrJ\/eererr e
- Old * Jrf- Vi theory was mechanical” — simply
td 0es FfEﬁ ion: of flows and stocks of goods”

> -S“f;lndlng of “technological flexibility...opened up
Jrf\' Vit theory to a wider variety of real world facts”

__:.-n- = —
.- — ._.i'—-- -
=

“Eﬁ’sm Growth theory — Solow in 1957:

- — “Gross output per hour of work in the US doubled
between ‘09 and 49’ [productivity gain]

— “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

E«-—

=
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25 ﬁmvng Solow/— Dennison:

<ev]~vverl USs fowth.129 '82 to lreak am

inice) -prog ress™; S

2500 increased labor output

9% JJ’JH&E €0 eduication gualification’ of average Worker

12%) wth off capital [same as Soloew]

L% fff pfmved allecation of resources” [ex.- shift of labor from
rlgflg?lﬁ (] re to high productivity industry]

_ .'-._é{:onomles of scale

'l— -

o =310 growth of knowledge or technical progress [Dennison’s narrow
;-‘:?‘- == efmltlon]
5:* —'I%‘taT 109% [extra 9% Is misc.factors that reduce growth]

‘Dennlson 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) 1s part of that and in second place



IRANSLEATION-OF SOLOW,: =
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'tra_ns‘_r'}'_’é_ '_ growth

Peiiidi] hitial technology advance — yields new

~ zloe matlons which pile on to broaden the advance —
= \Which ylelds productivity gains throughout economy —
= Whichi yields real growth in wages, income

-
-E—I___-l-r e

) ‘Solow’s basic point about classical economics: “No
= amount of statistical evidence will make a statement
iInvulnerable to common sense”

® The good news: you can increase your rate of economic
growth through technological advance — you can
Improve real incomes/societal wellbeing



MMW what is the. role. ofs
- AsSupportingsPla —

PIOQIEsSS: .. could_flnd its Way mto actual productlon only: with
Waanodiierent cafiiel ec- pment”.

£ : ffectlveness of innovation in mcreasmg output would be
rate Off gross Investment”

transfer of new technology into production with investment

—_—— et

-

w-what kind ofi Investment are most important to innovation?
‘ enture Capital IPO’s, general equity, lending)

. : Do éq echnlcal advance yield investment, not just the other way around?

* 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




JERS0I0W! E%nous-@rmi"

o \Q]Q\j\j ],ee\-- Joerortechnological advance™
£\g 2l conomlc force, but he doesn’t see how to
fr) eas e |t

S He's S ¢ tuck with the traditional toolset of both
s‘ical and neoclassical economics - capital
upply and labor supply measures and market
—movements

‘= He’s not ready to measure innovation system
elements

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




Lt

eatherenvaslittieseconemic-growtiine
g Vall EUFOpE because so little technical
; __-— econemy. Wwas a capture economy --

#S0IC Quotlng Frost:

@st of the change we think we see in life Is
ue to truths being in an out of favor”

p xxvi: ‘social institutions and social norms
- evolve... so economic behavior will surely evolve
with them”

* So: “the permanent substructure of applicable
economics cannot be so very large”

i .—-
S .-r:"
-
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Jechnol nge” i
ol 98, pp. 72-102 (1990)

AUtV Remer — Profwof Economi

I IOYE = =“Endogk
( Jotiggizl .e Political Economy/;

BASIC RO '
5 Jrowrrm odel” — groewth Isidriven by technological change

2 wme is drlven Py researchers who are profit maximizing agents at the
edlate pre-commercial stage

-echnology IS not a conventional good and not a “public good” — it is a
— ~'1 — ‘non:nval” potentially excludable good, so it won't support price-taking
'-E--‘-'ac- — competition, it's more like monopolistic competition

=

2 = '.The stock of human capital (talent) determines the rate of growth

T

— _3 -~ Given that role, too little human capital i1s devoted to research (the major
Input into technology so behind growth)

l.

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

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

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



815 Growth. Model —

_—

ONLpUIL Per hour worked (productivity) now: Is
ii0xeas valuable per hour worked 100 years ago

ISt vtechnolooucal change

‘‘‘

e

= Ptn 3 what other specific and measurable
{ors generate growth of output per worker?

“increase in the effective labor force” &

= mcr_ease In effective stock of
: capital/worker




3 Romers 3 Premises -

DINECpIsical.change. (“improvement in the nsiaﬁ-*
IKErtegether raw materals® —ie, te ysical product-
IeSEERN oL process) “lies at the heant of economlc grewth’

d"[e rnQJ(r\ BYoN C" theNnceRtvesorcapitalaccumulation™™

no g1ca| change occurs in large part because of people
iespend to market incentives

ademlc scientists on gov't grants don’t but when new
wledge IS translated into practical goods, market
=== Jﬁcentlves are key

3) Jrechnological 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

-=_.'...-:-—-""‘




4, ﬂomiechnologlcal Knowledge

SEENIIRIEO-101) “Rival good”-property: us PESERIGK
flrns] oreem' use by anoﬂae,r__ =,

dNGREIVAl 0ped’-propenty: Use Py one person QK firmiin ne way

lirnits use o\ Anotesereciinoeloay s nattrally non=rivall it~
Czlf) ge rorvo shared or adopted by others

(C Jurm@ — |ff the owner of a good can prevent others from
sir) J JF "6x., legal (patents) or commercial trade secret

> Taof ogy is partially excludable

J_,é-;- en—nval feature of technology-based growth is
=== tnbeunded 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

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




= Role of Human -aJ;-

e the total stock of: human camtal‘("ﬁqaqed In

..

& mcrease N the amount of research are > directly

OfOOJ{FJQ!JrIJ IT I'f ' C’,’r‘?l‘f-‘ 1 €COnNoImiIC C WA

Toiel 2 eI eff human: capital and fraction of that capital
rlevozegt o research Is now: highest in human history

uman capital (engaged in research) = economic

=8 s _41‘ttle growth In prehistoric times (except increase in labor)

'.1

-E_-r, CJVlIlzatlon therefore economic growth, could not begin until
- human capital was spared from production and allocated to
research

| | |

e 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)



GWROIME ar o ¢ Growth Tira T
REsearch, RelaT%ﬁshlps (pp 212-215)"

rationtintorwerdd

o Growir ]5_ (J_Q f.’—*?ll‘.—\( WIE|
markets

> rlavige J_‘i arge number of consumers or large population is
EHEY - not a substitute for trade with other nations

- f f rées economic integration with a large pool of human

-..._I—-

2
C
l—
G

“Economy with large stock of human capital (engaged in
: fresearch) fosters economic growth

=
)

N
-

"= Accounts for unprecedented growth of 20t century
economies

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

e (Closed economies stagnate



/. ET‘F ous Growth Thgify_.__,

S EOIERON e unlike Selow, growth theory Incorpoerates
erovgluon 29 an ENL C Orl\ PUS NBEEXOUENBUSHECLON

ROIMIEN \/ WS technology mnovatlon as Inside and part off an
eoonomJJ ystem not outside it

-'

%mer ncepts of technological knowledge and human
Celo rengaged In research create tools to begin to measure
inigle) auons eco. role

-} _-.'—-

'_d-——"

CIaSSICaI 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
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IENINBIEENSON, RIOT. of
conorrllcs  rlE EI e Nart ov
. Tech, Fall 2001))__

WiiE Jmormgr,eﬁ Age” (Issues in Sci &

= L
Wt

- ”mgﬁ . 90’s — story of technology
Breakthrough driving economic growth

7 —'-I"t-.
F= '._' _.-_'l:-:|

_..ﬁesurgence of US economy In ‘95-'00 outran all
%’—‘if__"‘}*' expectations

e

i —

— 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



Jorgenson;: “Better,Faster .«
LeGonOmys

SIEAPEr™ mantra of new

rJJ,ror/ Bell Labs 47 (Bardeen, Brattaln Shockley) develops transistor —

pemscmiconduciepmatenials;elec bigcaliswitchiiorencodinainionmation.

i) cligjitztf fe)fpgie

|'

frisc|rzticiel 1rCU|t

-'l

J &= Kllby, of Texas Instruments, and Robert Noyce, Fairchild
nd uctor — develop IC’s/semiconductors

=; Jfﬁ HJons off transistors to store data in binary form — so at first IC is
= 1o etslata storage — Memory Chips (DRAMS)

i —
. e |

e -@rdon Moore (Fairchild Semiconductor) — Moore’s Law — each new IC:

=21 =3

=‘i— .every 2 years doubles the no. of transistors per chip & cost of
: “transistors per chip cut in half

' .-l-""

-

— This 1s 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 of years ago has 42 million transistors



S EIEIENSOI omputmg prlce/gr th"

2 Coprlntinlestilogs Eqummen —
SHeOsIalSe  dovwn  driven by cheaper semlconductors

— J‘mrbmjggjgm [ECHNBIOEIES =N e iEINOPpLICS, MiCrowWave: oy (o Eaﬁ’mgf*

conmulies tions satellites, DWDM (dense Wavelength division
mnlupiexing — multiple S|gnals over fiber optic cable simultaneously) --
Progresss t rates faster than Semiconductors — key to “free” internet

> Rasifi 6 mv h Resurgence

—

\ ' tlng grewth in output and productivity in 90’s
= ?,_.,4— D) en by decline in Semiconductor prices

g '

— fe‘éde to price declines in computers, communication equipment

_'u-—*'

-

= * " ® Computers: 90-95: -15%/year price decline; 95-00: -32%/year
s 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



A Jorg" 6] "-ACCOU'FftIng for

VIESSIVENCIE: ses mmmm._lmg p@wer 1)
Industries &

OWiia
—

— Raises oduct|V|tv In IT-pre

. . -.-=‘
S OntrbULES 16} PRECLCHVILYARRVAGIE SCOROM —
e NEtVIL Measures:

— aeuo[ J’-OdUCtIVItV increased steadily from '48-99; sharp acceleration in
5= 00 '-n" 25ponse tor Semiconductor price drops

PLlre nrlfl ﬁ ‘productlwtv enhancing equipment:
& ou:y -—qmwth in US ONE FULL POINT
s . :aaione accounts for half of this

s —
-

T

_._r‘ .?6% oft GDP, yields surge of US productivity in '95-'00

Summarv IT growth drives capital investment in IT
- capital goods, which drives productivity gains, which
drives US growth

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%

5_-

i




——

Spdorgenson: What's Next?
Bration of growitiidepends on ng

ICHIVItY,

) \j\/f]rll’ﬂrlff STV LINETNVOOIE SHCaVW R ESTSIOWE D7

-~ _Acce
oroe

.-;'_'.._'"____ e

— SEN conductor Industry shifted to 3-year product
e n@f_fter '03

2 r) 'ance of IT industries has become crucial to
e growth prospects. We must give close attention

= —'f:'-; ) certalntles that surround the future development of
‘FI' -

& And: What will IT role be of Korea, Malaysia, Singapore,
Taiwan, China, India?

5—-

'! 1:4'1-“ 1',

— Economic law of comparative advantage is now
knowledge-based instead of resource-based

— Knowledge moves faster and is less excludable than
physical resources



2 r)f w e1nvestment requires short time-frames
= ?eral direct investment in R&D

a
g

i -l:ﬂ-_-':-l-—'

=2 Federal Investment in human capital (education)
> Nelson on national innovation systems

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




Merrill E ch The Next Sm

soevenviiltipevien, John M.A. Rem;@'_c_)ductlon to Na
Viemgltynen Report. e
(netp://wwwwy. Jhrlﬁ;m' e, mer/rﬁJer IIEr0-t0- nrlnozecnmo deyrnerlE e

chnology — 9/4/01

- \5]5 POINT how: do Investors look at potential
Le m ogy breakthroughs? Do they believe they

)
fve /e growth?

= GRC WTH PATTERN:

_;,.'-:’-'3 rﬂII Report cites its economist Norman Poire

~= Poire: growth innovations drive the economy and stock
== ,market

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

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

"

S


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

2 VerrillfReport — “Vision /Enabler.
RESEArcher Mass! Pattenngs —

=

- —
= i —

FoIEExample, Nanotechnology = aprication at the
rriolget]fzlg Scale (l1e, at 100 nanometers, where
nrnnom*" er = 10 hydrogen atoms)

= Flrs |S|on — Richard Feynman — “Plenty of Room at
= _f. "Bottom? — 1959 envisioned the potential of
e _Otechnology

l|.—-—'-'.-l--"

_-.

== Second Enabler — for example, the scanning tunneling
- _microscope (IBM) allowed measurement and basic
manipulation of nanoscale systems (20 years ago)

|.

® Third: Research Mass — 15t Eric Drexler’'s 1981 journal
article; by 2000, 1800 journal articles (similar to total
number of internet articles in early 90’s)




»MerdllfReport: Investment .
J‘Jmerc 9le MHSE be ShOHJ

r\lrrrj,c;i [HE fUtUIStic make sfascma ing,

ol JfJ‘—‘l/ faC Sleese Ul

“Nziplei chnology IS close to commercial markets”
Q P :-+ ‘:

--ﬁ'"

IS

\ue 2 rewews key short term markets — p.5
; 0-2 years - short term

- 0-5 years — mid term

5+ years — long term

® These categories give a good perspective on how far
out investors will look

* “The 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.5

—



VerdlisReport: Near-Term Nanos.

Jnvm ment Focus: . J#
_

SN@ppOtunity One: Inst‘r’umﬁntatlon — p.1 — “In any new
IECHNEIOOYTHE LWIRRErS  ake: thetooll makers?

BENGLE the mterdisciplinary nature of efforts in nano instrumentation
Arrorg L“chemlstry and mechanical engineering”; teams of “chemists,
prysIcists, biologists, material scientists to accelerate research and
C Omfﬁ T~C|al spInoefis”

2 QOCL_,)A nltv Two: Semiconductors

e ﬂ"‘? 1th|n the next ten years, molecular electronics is expected to become
_:___: —avallable as a replacement for silicon-based computing — HP’s Stan
-+-W|Tllams —p.4

e,

p—

=

. *‘{'{: 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
iInvestment 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”?



DIREC ICI—'F9:I~NNOVA
EAC TCLE PRED AN lﬂ* , ;”
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2 EASIC POINT:
.-_-=r-' ;
o= 3 @‘ IS RIGHT,

= ;—J ECHNOLOGICAL AND RELATED INNOVATION IS
' -"»-R‘ESPONSIBLE FOR 2/3'S OF US ECONOMIC GROWTH

- 'T‘FIEN R&D INVESTMENT IS A CRITICAL PILLAR
-~ FOR OUR ECONOMY.

e LET'S REVIEW R&D INVESTMENT PATERNS:



RAL RESEARCH FUNDING:

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

T '

Broad Field of S&E

20000.0 Life Sciences

Engineering

Physical Sciences
Environmental Sciences
Social Sciences

Math & Computer Sciences

15000.0 Psychology
Other Sciences, n.e.c.

10000.0
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Fiscal Year

Note - FY 2001 and 2002 data are preliminary

Image by MIT OpenCourseWare.

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



=4eral R&D Spending g Asa
PETCENt of GDP-

0.02
0.018
0.016
0.014 -
0.012

0.01 -
0.008
0.006
0.004

0.002
O I I I I I I I I I I
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

R&D spending / GDP

Year

Source: NSF R&D and BEA GDP data
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gipldlization ef US Industial R& D=

N
o

Foreign R&D
" Overseas R&D

[EEY
o1

Billions of current dollars
(I
(@]

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.




Physical sciences

Engineering

Environmental sciences

Mathematics

Psychology

Social sciences

Other sciences not
elsewhere classified

Computer sciences

Life sciences

0 1 2 3

Percentage-point share change

Image by MIT OpenCourseWare.

P.Fleury, Yale Eng. Sch.



SUNMAR DERAL-:R&D FUNBING
FEDERALIR &D ROLE DECLININ

EEWENEIRSI are O R&D as 50 %?‘"GDP In dechne

[fe 5gjeﬁfe NI '_rCLr 210/049)¢) ’C” flekel el 0) 6

—

si—

-

- anlu smence researnch declined as % of GDP
HED) r*J IDING CAPACITY THREATENED:
Ir crea:ﬁ o] pressure on Federal budget

= xploswe short term debt -$400+B deficits through
_ —"decade which will be exacerbated as boomers 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
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= _)rJJF @INT IF ROMER IS RIGHT,

— MAN CARITAL (TALENT) ENGAGED IN
= ESEARCH IS CRITICAL INPUT FOR THE

‘”fTECHNOLOGICAL ADVANCE WHICH DRIVES
~ ECONOMIC GROWTH

o THEN TALENT DEVELOPMENT IS A
SECOND KEY ECONOMIC PILLAR

e LET'S LOOK AT US TALENT PATTERNS:

.1

-;.--

—



TALEN

....

- rospector theory # of ‘prospectors™
Jmoglgr» number of finds

YOL_LE @n t fit your talent base to your
SEcenemy; your talent base sizes your

: @nomy — they relationship is dynamic

- __.-—-n- -

._aef_,'_:".-r

- = Total # overall US degrees increased between
=00 and '00

— But: science/engineering degrees declined
same period
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The Proportion of Science and Engineering Degrees Grew Abroad
While Declining in the United States

——

=

Percent of Change 1985-95

[ 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

Image by MIT OpenCourseWare.



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

Image by MIT OpenCourseWare.

NSF, Indicators, 2002 —

Cited in E.Milbergs, Innovation Metrics, NII, 1/2004



—a—Engineering

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

—=—Biological / Agricultural
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NS&E Doctoral Degrees

United States

Number of Degrees

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

Image by MIT OpenCourseWare.

NSF Indicators, 2002 — Cited, E. Milbergs, Innovation Metrics, NII, 1/2004




1) RicnzageENE SRR erNe
oMlegiela Universiy. .
Neatlorial Jnmovrluar Systems —AC ekl
Analysis (O,<Urr PreSS 1993)

racnruJogﬂr I capabllltles of a nation’s firms are a key source
OIRHIEIIECOM petitive prowess”

/J\ HL,J ﬂevelops the term:

i .-.1.-.—""| o

=il J’S’al jAnoyation systems”

—‘-Does-the term make sense despite transnational businesses?
ﬂrguably yes

““innovation” - Nelson uses broad def., “process by which firms
master and get into practlce product designs and new
manufacturing processes”




socHUmpeteran lnneyaierEs
—

ey

EJ Yf altallsm OCGU’(S Vla mnovatlon it's not
].—\ er Jf]fj(\jrll‘[)f Tplelt gelo) Cl (ESIMost ofthe =

mererore 8 natlon S concern Is In broader “innovative
ngrIOJ]JI‘L E5h

Not ]Jrf te __I iny to firms or only to science research but to a
( STENV — * a set of institutional actors” that influence
a—-ff ﬁve PErformance

s.'f-* Q: What S “the way technical advance proceeds” — what are the
= “keyﬁprocesses”’?—A science and trial and error learning

> Q: Institutional actors? A: univ.’s, firms, government
agencies and policies

® Q: Is there a “common analytical framework” across nations?
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31 — electromagnetic induction
l n

t light, gramaphone—Edison, telephone-Bell
2z 867 — radio waves — radio, TV

: }e 77T 3\/ electr|C|ty NOT because scientists seeking applications
:E__c. stry— Science as Follower:

53:-#- "tFrrst alchemy, tanning, dyeing, brewing — practical applications

= 18_60 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

=

@

s

(‘W

5 (D

Q© &

l’f!ﬁ
”-Ll i '@

"!

[ S——

(1
hil=:
| l\

(b

HT_"I il



. Willard Gibbs crea es smencé“of thermodynamlcs
ANEROIRES " =

Eclisorn — rlev_ o Ps eiectrlmty based lighting (flow of electricity across
ano)— ESH @37 Jop electron theory — yields much of 20™ century
orysies, eJe__ﬁ _F‘ nics
Alrcreift ,r,rfré ology (starts with Wright Bros — bike mechanics) —
/JHJFJ ‘Berospace engineering

_ Ff Ff Sa@r (Bardeen Shockley, Brittain - Bell Labs) in 1940 leads to
=———ar rowth of solid-state physics

e o .-;-'- =

= ai.cgmputlng yields computer science

=2

_:- Las.ers and optical fiber yield science of optics
L J

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
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5) N elae [ ﬂm@fﬁm

SleYation ini highs techi— is not only invention but:
2 IDESIgN — 'Choosing the right “mix of performance
eru raw TIS’[ICS — ex.-modern aircraft wing

wm &D spending Is “incremental improvements” — ex.,

et*englnes added to aircraft replacing propellers

= -r_,__ -pr.oeess of Incremental advance is not classic science
~breakthrough

L

® |ncremental vs. radical innovation - need both




SRAEIECH: Who are‘t‘h%
glisiiiional Attorsz? ==

——

t1_ - -

L. Incdust / —b by WWI mdustrlal research lab staffed by Univ.-
WEINECRSE IJS'[S and' engineers — dedicated to “invention” and
EIEMEN! r_r Jnhancements

_; :f‘_.
— \/lr ; _'To ortant than university or government labs —

> —-r
.-.1:-:-':[

= 1;__, a“use after initial tech. in place users have knowledge of
.-:-r-’—:_—“ ,strength and weaknesses that transcends general public

— =

~ = Reverse engineering is R&D in many countries

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



UnJverJJr/ | rloy —

— Univ. ~rme‘ onnectlon o modern Industrial research lab and
[JIGEEHIT arch UnIV. grew up as companions/partners

.:I_' Y ":"
*
'rr'- ——

Vi ACal emlc science fields are applied-oriented: material
ooJr‘f e'- - mputer science, engineering

= ;;—:-:,. _n]V supports technical advance — how channeled to nation’s
IT.ms” Some argue it isn’t

—— T
_.-- ——

el

3 Government Labs

=2

-~ _US gov'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]



lRpevauentinstitutional Acto

i
C. _-___*._...:___

Nea evervawnere else |

— | Ysi JfLe strlal R&D IS rationalized under gov't. agency
rm;;pr - e, defense R&D with industry- for defense

,a.

'—.-'i' "l'J-

S

'.-._...- ._.'

-

-~ *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




NNEIESN: COMmparison= U.s./3a

I novaﬁr._kn , ys‘fél:fiEgr

l/ll_'l

O AS-75 US JfJfJJ\/s‘EJO SUET

=

— U3 ﬂrrm rger In scale/servmg continental sized markets

US s
Us gjvq pends more on R&D, via defense mission

= -.a._

-UJ-L FV" research stronger — better connected to industry than in
= _-'f-u. pe — tied to strong public financing for Univ. R&D after WW2

ost us goods sold into US market — little export orientation

= '—'?L == ° ‘Note: US research Univ’'s (Hopklns Columbia are the first) are
~  modeled on German Univ.’s; R&D of US chemical industry (first
_ - large scale industry R&D) modeled on Germany

e '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



T r' 0o -
SHICES .
fe

- e
PEPOIES Off Coun =

_'ge*reg income couptries:

Ol 6"-\"

— 3) | Q\j\j\—‘fu‘ me countries

--.--u— 'u-'

e connties \ t)ut resources have export orientation — Germany, Japan,

K l_--__'_

o

SN I‘J’Jf msecurlty Imputed to/connected to innovation system — in
— US,UK, France

f—-* ﬁefense R&D is majority of gov't industrial R&D

— Japan — Industrial cartel structure set with high industry R&D pre-

- WW2 period
e 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



HNNE SO\ hatsleads to -

erer 6)] %~

KEY FAC FCP STRONG FIRMS (not necessarlly large),
niejrily gomc n:

— oro;lt_ e deS|gn

— access to Investment,
— -must compete in world markets to be strong, &

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



17) Nelsor): @liglel Key | RROVALION
SHEEESS =aetar§ J-ﬂw

D‘UCATJ(' & TRAINING — s -pased industry depends on

NIVErsity education — the gevernment has a key role. supporting higher

tor requires broad base off educated talent in and outside

|

o '/eri “Talwan — education led growth

RIOCAL, -*\ NETARY TRADE POLICY — government fiscal and monetary
POliCyAare one of the most important ways governments influence
=SUCCES: ful [Anovation

-_ -.

- '=‘B'L“IC SUPPORT OF UNIV. OR GOV'T LAB RESEARCH --

= For univ. or gov't labs — direct interactions between researchers and
= commercial enterprlse IS critical for movmg Innovation into practice —
you need 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



SO Q: What . About E

Igh fiech Jnnevaiios) S —

p: High tech advance key to high wages, high
oo romoeu iveNmanaeeEmental Iw_———q

MlJr il \f' ué occurs downstream In industries
HCO @l‘atlng these advances

== r\& _gov’t policies can be effective in generating
mpetltlve advantage in tech advances and are
,comparatlvely low cost

_Fﬂ'_

=
-ll-"'_
5-—

—

- o Andi— these active goVv't policies can play a role In
helping an industry take advantage of upstream
technology advances

® Overall — advances in key tech sectors are “building
blocks” for advances in downstream industries, as well
as upstream



VENU'OEDIRECT U.S.
NG ‘T-IGN%TEM%@:"

> DIRECT=ICE)Y —
— A R .
= ovr,Jbé '
— (Jllrru: , lrraining

— L f; 90! t for Industry R&D (primarily via Defense,
S Egency missions)

= f,, Prlmanly research, but support through all stages if agency
= E‘T - mission

-’_- IRECT PRIVATE SECTOR

e - _-——"

S — Industry R&D

- - * Primarily Development
® Goes through engineering, prototyping and production

— Training

——




VENUGEIINDIRECT U.S
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o INDIRECT INOVATION FACTORS e P B COViT
= F‘DgaL/r‘ fmonetary pollcy

= rrglcle l|£y

=SEChno Ugy standards

_ ec ‘f’-iology transfer policies

‘ evt procurement (for mission agencies)
: *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)
— EXxport controls
— ETC.
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VIEINGRO= D!RELTW
INNBVA -|QN CTORS "CDN : mm—

.‘1'I..‘.—, —

-..._.
e

F NOVATION FACTORS — SET BY PRIVATE

.-...——

— angel, venture, IPO;s, equity,

e

— .._-;M'érkets

e ———

- — Management & Management Organization, re: innovative

- and competitive quality of firms
— Talent Compensation/Reward system
— ETC.
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LEWIS M BRANSCOMB & PHILLIP E.
IANTIEIRSVVALLD, —
BETWEEN [N ENTION ANBHININ VATIO ANEANARES) SHE)
SONINE F0R EARLY-STAGE TECHNO G DE VELLOPIMENT
(Cornrerce Dagiy, 1} il
Repori GRE J/*P%A 11/2002)

. -:-.F.' '..'.

— = BN _)l fﬁ

: -.}_ ﬁnﬂlng for technology development in the
= stage between invention and innovation comes
= +:f*rom

*:-'4-_' _ f]ndlv'idual private-equity “angel” investors
- eCorporations
® Federal government programs

— Does NOT come from Venture Capital
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Blanscomio & Auerswald

I—'//\/_)//\/f‘ - N’TH!.:.&& w

SV AIHELS T O, ,allocat/ng,,ga oltal to ear/y—stage tech
/H//[L/fr' /e INOIRETICERIS

= In mgpr se 0. these Inefiiciencies, /nsttutional
ZIfLElf) jn’f ents nave evolved for early stage runaimng

& -".-|_ £

- Cc Corl ,55 ns JOr stjccess In sclence-based. tech innovation
’/f«—i ncentrated /N a few geographical areas

= -_E ﬁﬁOVHfOI’ -/nvestor yo/4 OX/m/Zj/ /S //77,00/’ lant

- -

ﬂ

5_

i
.

_Feo’era/ role in early stage tech transition Is very
~ S/gnificant

i||,.'

e Fed. Tech development funds complement and don'’t
supstitute for private funas



The Valley of Death

Basic
Research:
Invention

Research:
Innovation

Political picture
of the "gap”

1" I source: http://www.atp.nist.gov/eao/gcr02-841/chapt2.htm.
Ual le}" Df Death Thisimageisin the public domain.



Branscomb & Auerswald, Con’ t- The Linear Model

pau:m

irvEnticn. functional

J.'J'.I-ﬁlﬂﬂﬂ:’: '-'EIlIIﬂ!I[Ii}T'l Iﬂr'ﬁ}'u'ﬂU{fl néw firm OF program | | viabke busingss

* I
Hrlﬁtuge
pmtfuctlunr'
dmmlnmurt n:aualclpman' marketing
[ESTD]

Corporate venture

Angel Imvestars, N funis, equity,
N5F, NIH corporations, . COMMErcial dabt
COrporate technalogy labs, Venture capital
research, SBIR phase |

SBIR phasa |

Source: http://www.atp.nist.gov/eao/ger02-841/
[chapt2.htm Thisimage isin the public domain. ke d e SOURCEH mmmm"ljl funids this [mhnmn.giﬂal' el

-4 S0UrCE frequently funds this tachnolpgical stage
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anscomi & Auerswaldi—.
BIREE |pel1ned\ﬂode1,

Tre J]ﬂ‘:‘clf mor 2lus ,erec» istic — Jactualipatawayss
mrlurleds ultiple parallel streams |terative loeps through

inle SjLele]S 5 and Ilnkages to developments outside the core

o any s agle company”

—

J _j?_"ily, “patents occur throughout” the phases

) =

féf “f ptions, the alternatives and branches of where
'_ prejects go, and what happens to them”

., e top line of the chart does not capture “the full range of
0

—

| |_.r'!' 'l

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

((a8S & The Struggle of
'@5] _;-?‘_i Inventions to
i ‘ - Become Innovations
oW 4
Ii ‘g . BN
o l’“ E-[lill.l
Innovation &
— Research & Invention New Business

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

Source: http://www.atp.nist.gov/eao/ger02-841/chapt2.htm.
Thisimageisin the public domain.




Blranscomierss Auerswald, Con't
MEREIRE Sources — Early Stage
rea nology Development ($5-$36B):
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Image by MIT OpenCourseWare.




Bransconibh & Auerswald, Conit

SN St ) ASIEGE e eV E/0pIIElE ProaUGHS/
IEbed marser are: bped and. proauction
WIOEE55E5 ale ealced o, Il Lice, aefinea, ana.proauct
rJJrAer sfeqa. So G s ages 1aventon tiea ito
Oraigrye e(s) engineering a’eS/gn aesign for miq., anad

JIOHUCEITIAIKEL SEL.

“':I'

> Yenily re cap/ta/ iunaing Is spent on proauct aevelopment
G bUsIness development not early stage tech
== Eye/_apment

ey

__.—--—

== Between 358 (2%) and $368 (14%) of overall US R&D

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

Ty —




BiilisScomn’ & Auerswald,

> Gorddgeiis Innovan&‘féﬁenera//yhas
fifs.core business .

ve Wit

mmm—

JOLIEEH. O cIemental innovaton, rarely radical
1410, /af/a

-
3 qu" -

ce JfOJ/’rff" 'managemem‘ tenas to arive jnvestment
loyard. Lproglcts where. the commercial case.Is stronger
—le., /ncrementa/ R&D In core business

-_-.'—-

{sourcmq R&D. Corp’s Increasingly using external
fa///ances/parmersh/ps/consort/a more reach for less
_ money and risk, enabling early stage investment
Justification

___..-u-'

= L‘

'Il.{

® Some corp’s establish their own venture funds to /ocate
ana support innovation outsiae firm
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- Umvy— ’_C avesewnwenturescapital fundsitor
pishrtniv. research to commercial range; use
SEWHEDC ple Act (Univ. holds patent for federal

RS Jr =ﬂnducts)

SSiates: a few starting commercialization funds

_':L_-.- ‘ﬁels—lmtlally family members, friends;
“nowBand of Angels” and solo professionals

F deral — strongest programs: SBIR, ATP

—
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.
_:—-"—
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WRAPSEP::
Solow — €8y 1o g‘m‘ww,e_g '

e

ology related
ReYaLiont (shorthand: R&ID; — S ——

=il — behind technoelogy: “human capital engaged
[INESEArC ’ — prospectors (shorthand: Talent)

'.L

USIIENSON — key to 90’s growth: SC’s, multiply
ororuc* ‘throughout economy

_...,__

f,J.V S F— mvestors understand value of technology
gﬁ 0 eakthroughs but only support short term

—I_ _—

' 'devempment

‘s Direct Innovation Factors -
— R&D and
— Talent
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