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Course IntroductionCourse Introduction --Course IntroductionCourse Introduction
•• Class Organization:Class Organization: Aim of classAim of class –– summary of syllabussummary of syllabus

•• Your backgrounds, interests; MineYour backgrounds, interests; Mine 

•• What do you want to get from class?What do you want to get from class?

••••
not just menot just me ––

•• have to readhave to read -- need you in the discussionneed you in the discussion

--------------

•• Inno ationInno i boi peopleation bo people people ipeople nstit ionsnstit innoi ions inno C aiC ai•• InnovInno ation isation abouabo t peopletv is u people –– people notpeople institutions innovatenot institutions innovate -- CraigCraig
Venter story (http://www.cwhonors.org/archives/histories/venter.pdf)Venter story (http://www.cwhonors.org/archives/histories/venter.pdf)

One Key — you talk, you don't learn unless you talk, and talk to each other

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


Cl O O iCl O O iClass One OverviewClass One Overview

•• Points in Class OnePoints in Class One: Solow and Romer : Solow and Romer –– basic growth theory; Jorgenson basic growth theory; Jorgenson 
–– role of innovation in 90’s; role of innovation in 90’s; 

M ill L hM ill L h h i t l k t i ti f i t th i t l k t i ti f i t t•• Merrill Lynch Merrill Lynch –– how investors look at innovation for investmenthow investors look at innovation for investment

•• Note emerging debate on comparative advantage of competitor nationsNote emerging debate on comparative advantage of competitor nations

•• Review 2 elements of DIRECT innovation policyReview 2 elements of DIRECT innovation policy –– R&D and EducationR&D and EducationReview 2 elements of DIRECT innovation policy Review 2 elements of DIRECT innovation policy R&D and EducationR&D and Education

•• Review  elements of INDIRECT innovation policyReview  elements of INDIRECT innovation policy

•• Look at Innovation as an ecosystemLook at Innovation as an ecosystem

•• Look at the “valley of death” between R&DLook at the “valley of death” between R&D



Class 1Class 1 –– Part 1: EconomicPart 1: EconomicClass 1Class 1 Part 1:Part Economic1: Economic
Models of InnovationModels of Innovation



General BackGeneral Backgground Definitionsround -- Definitions
•• ScienceScience –– understandinunderstandingg thethe natural world – out of “naturalout of “natural pphilosohilosopphnatural world – hyy”” of the 16of the 16thth--

1919thth cencenturies – observes natural world – discovery orienteddiscovery orientedturies – observes natural world –

•• TechnologyTechnology –– System to organize scientific andscientific and technical knowledgetechnical knowledge to achieveto achieve aSystem to organize
practical purpose – “systems” include technical advance plus models toadvance plus models to implementimplementpractical purpose – “systems” include technical  
ththaatt aaddvance – moves ffrom orom obbservaservatitionon ttoo iimpmpllemenementtaatitionon vance – moves

•• ResearchResearch –– iincreasing scientificncreasing scientific OROR technical knowledgetechnical knowledge or bothor both

•• InventionInvention –– applyingapplying researchresearch knowledgeknowledge toto createcreate aa ppracticalractical idea/deidea/deInventionInvention viceviceapplyingapplying researchresearch knowledgeknowledge toto createcreate aa idea/deidea/devicevicepracticalpractical

•• InnovationInnovation –– built on scientific discoveryon scientific discovery andand breakthroughbreakthrough invention(s) – iis thebuilt invention(s) – s the
systemsystem of Research, Invention, & Developmentof Research, Invention, & Development using both science andusing both science and technology ttechnology to
commercializecommercialize (( p( p(ssppreadread advances intoadvances into societal usesocietal use)))) ––

•• or: “intersection of invention andor: “intersection of invention and insight leadinginsight leading to the creation of social anto the creation of social and 
economic value”economic value” (NII)(NII)

cosystemcosystem forforfor developingeveloping iinnovationnnovation levels:levels:•• InnovationInnovation SystemSystem –– thetheInnovationInnovation SystemSystem thethe ecosystemecosystem for ddevelopingdeveloping innovationinnovation –– operatesoperates atat 22 llevels:evels:operatesoperates atat 22
thethe institutional actors, and theinstitutional actors, and the faceface--to-face groupsto-face groups \\

•• Innovation WaveInnovation Wave –– 40/50 year cycle40/50 year cycle ofof innovationinnovation based onbased on radical, breakthroughradical, breakthrough,
disruptivedisruptive iinventionnvention,, thenthen applicationsapplications pilepiledd onon tthishis,, pproductivityroductivity rrisesises,, thenthendisruptivedisruptive lonlongthenthen applicationsapplications pilepiledd onon thenthen longlonginventioninvention thisthis productivityproductivity rises rises
periodperiod of incremental invention of incremental invention 

•• “Valley of“Valley of Death”Death” –– where invention and innovation usually dies - gap betweenwhere invention and innovation usually dies - gap between
rreseaesearrcch nd – iin ns gege tthihiss gap,gap,gap,gap, aandh aand dedevveellopopopopmmeenntt – nststiituttutiioons ooffteten nn notot inin ppppllaceace toto bbriridgedge nd
move ideamove idea into developmentinto development prototypinprototypingg and production, thenand production, then invention intinvention into 
innovationinnovation

[source[source for some of thesefor some of these –– Prof. Charles Weiss, Georgetown UniversityProf. Charles Weiss, Georgetown University]



Relationship Between Science andRelationship Between Science andRelationship Between Science andRelationship Between Science and
Technology:Technology:

* Before mid* Before mid--19th century 19th century –– technology based on technology based on 
“tinkering” not science“tinkering” not science –– telegraph, RRtelegraph, RR -- earlyearlytinkering not science tinkering not science telegraph, RRtelegraph, RR earlyearly
technology gives rise to early technologytechnology gives rise to early technology

*Now: basic science gives rise to technology *Now: basic science gives rise to technology ––
laserslasers

••but Dr Lee Buchannan exbut Dr Lee Buchannan ex DARPA DeputyDARPA Deputy••but Dr. Lee Buchannan, exbut Dr. Lee Buchannan, ex--DARPA DeputyDARPA Deputy
DirectorDirector–– “I get nothing from basic science “I get nothing from basic science ––
could drop that science funding and nevercould drop that science funding and nevercould drop that science funding and nevercould drop that science funding and never
miss it”miss it”

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



Professor Robert M. Solow, MITProfessor Robert M. Solow, MIT ––
Growth TheoryGrowth Theory
(NY, Oxford Univ. Press 2000)(NY, Oxford Univ. Press 2000)
-- Prof. of Eco., MIT, Nobel Prize 1987, Nat’l Medal Tech.Prof. of Eco., MIT, Nobel Prize 1987, Nat’l Medal Tech.

•• Solow Attacks Classical Economic TheorySolow Attacks Classical Economic Theory –– ofofyy
RoyRoy HarrodHarrod,, EvseyEvsey DomarDomar::

–– Q: When is an economy capable of steady growth?Q: When is an economy capable of steady growth?

–– Classical Answer: When national savings rate (income saved)Classical Answer: When national savings rate (income saved)=
capital/output ratio + rate of labor force growthcapital/output ratio + rate of labor force growth

•• Have toHave keep capitalkeep plant andplant equipe in balancein withw laborl supplyto capital and quip balance ith abor supplyHave toHave keep capitalkeep plant andplant equip.equip in balancein with laborwith supplyto capital and . balance labor supply

•• Static view: 3 factorsStatic view: 3 factors –– labor supply/capital supply/savings ratelabor supply/capital supply/savings rate –
have to fix these ratios in balancehave to fix these ratios in balance

•• Capitalism: jCapitalism: ust periods of alternatinust periods g worsening g unemployment andgj of alternatin  worsenin  unemployment and
labor shortageslabor shortages 



2. Solow’s Rethinking:2. Solow’s Rethinking:

•• Solow: “the story told by these [Classical] models felt wrong”Solow: “the story told by these [Classical] models felt wrong”

•• HarrodHarrod had a hinthad a hint –– vague generalizations about “entrepreneurial behavior”vague generalizations about “entrepreneurial behavior” 

•• Classical Model: recipe for doubling rate of growth was simply to double theClassical Model: recipe for doubling rate of growth was simply to double the
national savings rate, perhaps through the public budget (Keynes)national savings rate, perhaps through the public budget (Kegg ynes))) –– throwthrow, p p g p g ( y, p p g p g ( y
money at itmoney at it

•• Economic development:Economic Classical: “key to transition from slow growth toClassical: “keydevelopment: to transition from slow growth to
fast growth was sustained growth in the savings rate”fast growth was sustained growth in the savings rate”

•• But Solow: “ I thought about replacingBut Solow: “ I thought about the capital andthe capital labor output “with alaborreplacing and output “with a
richer and morericher realistic representation of technology”realistic representation ofand more technology” –– a new theory ofa new theory of
production not just output levelsproduction not just output levels 



3. Solow’s Basic Finding:3. Solow’s Basic Finding:

•• The Rate of growth is independent of the savings (investment) rateThe Rate of growth is independent of the savings (investment) rate

•• Old “growth theory was mechanical”Old “growth theory was mechanical” –– simplysimply

“a description of flows and stocks of goods”“a description of flows and stocks of goods”

•• Solow’s finding of “technological flexibility…opened up growth theory to aSolow’s finding of “technological flexibility…opened up growth theory to a
wider variety of real world facts”wider variety of real world facts”

----------
•• Basic Growth theorBasic Growth theory –– Solow in 1957:Solow in 1957:

–– “Gross output per hour of work inhour of work the US doubledthe US between ’09 and ’49“Gross output per between ’09 and ’49’in doubled
[pro[ ductd ivi ityi gag ini ]pro uct v ty a n]

–– “7/8’s of that increase could be attributed to ‘technical change in thto ‘technical“7/8’s of that increase could be attributed change in the
largest sense’”largest sense’”

–– “all the remaining 1/8the remaining could be attributedcould be to a conventional increase i“all to a conventional increase in1/8 attributed
capital intensitycapital intensity



4. Unpacking Solow 4. Unpacking Solow –– Dennison:Dennison:
•• R i d US th ’29R i d US th ’29 ’82 t b k t S l ’’82 t b k t S l ’•• Reviewed US growth ’29Reviewed US growth ’29--’82 to break out Solow’s’82 to break out Solow’s

broad term “technical progress”:broad term “technical progress”:
–– 25% increased labor output25% increased labor output25% increased labor output25% increased labor output

–– 16% increased education qualification of average worker16% increased education qualification of average worker

–– 12% growth of capital [same as Solow]12% growth of capital [same as Solow]

–– 11% “improved allocation of resources” [ex.11% “improved allocation of resources” [ex.-- shift of labor from shift of labor from 
agriculture to high productivity industry]agriculture to high productivity industry]

–– 11% economies of scale11% economies of scale% eco o es o sca e% eco o es o sca e

–– 34% growth of knowledge or technical progress [Dennison’s narrow 34% growth of knowledge or technical progress [Dennison’s narrow 
definition]definition]

Total: 109% [extra 9% isTotal: 109% [extra 9% is misc factorsmisc factors that reduce growth]that reduce growth]Total: 109% [extra 9% isTotal: 109% [extra 9% is misc.factorsmisc.factors that reduce growth]that reduce growth]

Dennison basically confirms Solow’s broad “technical progress” total   Dennison basically confirms Solow’s broad “technical progress” total   

Solow reduces Dennison’s factors to 3 broad factorsSolow reduces Dennison’s factors to 3 broad factors

-- “straight labor”, “straight capital” and “technical change” “straight labor”, “straight capital” and “technical change” 

-- argues that technology and related innovation is 2/3’s of    growth argues that technology and related innovation is 2/3’s of    growth 

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



5. TRANSLATION OF SOLOW:5. TRANSLATION OF SOLOW:

•• Solow attacks classical economics and transforms growth theorySolow attacks classical economics and transforms growth theory –– seessees
capitalism and growth as dynamicapitalism and growth as dynamiccapitalism and growth as dynamiccapitalism and growth as dynamic

•• We see his pointWe see his point –– railroads, canals, electricity, telegraph, telephone,railroads, canals, electricity, telegraph, telephone,
aerospace, computing, internet, all transform growthaerospace, computing, internet, all transform growth

•• Patte initial technolog adPatte initial technolog ad ields applications hich pileields applications hich pile•• Pattern: initial technology advancePattern: initial technology advance –– yields new applications, which pile onyields new applications, which pile on
to broaden the advanceto broaden the advance –– which yields productivity gains throughouwhich yields productivity gains throughout
economyeconomy –– which yields real growth inyields real growth wages, incowhich wages, incomein

•• Solow’Solow s bs asic pointasic about classicalabout economics:e “No“ amount ofamount statistical’ b point classical conomics: No of statisticalSolow sSolow basic pointbasic about classicalabout economics: Noeconomics: amount ofamount statisticals point classical No of statistical
evidence will make a statement invulnerableevidence will make to common sense”to commona statement invulnerable sense”

•• The goodThe news: you can increase your rate of economicnews: you can increase your rate growth througgood of economic growth through
technological advancetechnological advance –– you canyou improve rimprove eal ieal ncomes/societal wncomes/societal ellbeingcan r i wellbeingtechnological advancetechnological advance you canyou improve realimprove incomes/societal wellbeingincomes/societalcan real wellbeing



6. Under Solow, what is the role of 6. Under Solow, what is the role of 
C it l?C it l? A S ti PlA S ti PlCapital? Capital? ---- A Supporting PlayerA Supporting Player
•• “technological progress could find its way into actual production only with“technological progress could find its way into actual production only with•• technological progress …could find its way into actual production only with technological progress …could find its way into actual production only with 

the use of new and different capital equipment”the use of new and different capital equipment”

•• Therefore the effectiveness of innovation in increasing output would be Therefore the effectiveness of innovation in increasing output would be 
paced by the rate of gross investment”paced by the rate of gross investment”paced by the rate of gross investmentpaced by the rate of gross investment

•• So: much faster transfer of new technology into production with investmentSo: much faster transfer of new technology into production with investment

----------

•• Comment: what kind of investment are most important to innovation? Comment: what kind of investment are most important to innovation? 
(Angel, Venture Capital IPO’s, general equity, lending)(Angel, Venture Capital IPO’s, general equity, lending)

•• Doesn’t technical advance yield investment not just the other way around?Doesn’t technical advance yield investment not just the other way around?•• Doesn t technical advance yield investment, not just the other way around? Doesn t technical advance yield investment, not just the other way around? 

----------

•• Comment: Boom & Bust: Periods of boom and stagnation can and do Comment: Boom & Bust: Periods of boom and stagnation can and do 
d t K i d l i l l td t K i d l i l l t Q l tiQ l tiappear due to Keynesian and classical unemployment appear due to Keynesian and classical unemployment –– Q: can accelerating Q: can accelerating 

the rate of technological advance/innovation reduce the “bust’ period?the rate of technological advance/innovation reduce the “bust’ period?

–– Implication: innovation Implication: innovation capacitycapacity is a keyis a key
h l h i ih l h i i i k hi k h–– A healthy innovation A healthy innovation systemsystem is a key to growth     is a key to growth     



7. Solow7. Solow -- Exogenous GrowthExogenous Growth

•• Solow sees the power of technological advance as an economic force, butSolow sees the power of technological advance as an economic force, but 
he doesn’t see how to measure ithe doesn’t see how to measure it

H ’ k ith th diti l l f b th l i l d l i lH ’ k ith th diti l l f b th l i l d l i l•• He’s stuck with the traditional toolset of both clH ’ k ith assical and neoclassicale s stuc  w the traditional toolset of both classical and neoclassical
economicseconomics -- capital supply and labor supply measures andcapital supply and labor supply measures marketand market
movementsmovements

•• He’He s not reas not dyd to measure innovation system elto measure innovation system e ements’ rea y lements

•• He therefore treats techHe innovation as “exogenous”therefore treats tech innovation as “exogenous” -- as outside theas outside the 
understood economic syunderstood economic s stem and outside of metricsstem andy outside of metricsyy



8 S l ’ W i8 S l ’ W i8. Solow’s Warning:8. Solow’s Warning:
* Ex* Ex there was little economic growth in medieval Europe because so littlethere was little economic growth in medieval Europe because so little* Ex.* Ex. –– there was little economic growth in medieval Europe because so littlethere was little economic growth in medieval Europe because so little

technical advance technical advance –– economy was a capture economy economy was a capture economy ---- piracy, war were piracy, war were 
ways to capture wealth ways to capture wealth 

* Solow Quoting Frost:* Solow Quoting Frost:Solow Quoting Frost:Solow Quoting Frost:

“Most of the change we think we see in life is due to truths being in an out of “Most of the change we think we see in life is due to truths being in an out of 
favor” favor” 

** ii ‘ i l i i i d i l l i b h i ill‘ i l i i i d i l l i b h i ill* * p.xxvip.xxvi: ‘social institutions and social norms evolve… so economic behavior will: ‘social institutions and social norms evolve… so economic behavior will
surely evolve with them”surely evolve with them”

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



Paul M. RomerPaul M. Romer –– Prof. of Economics,Prof. of Economics,
St f dSt f dStanfordStanford ----“Endogenous Technological Change”“Endogenous Technological Change” 
(Journal of Political Economy,(Journal of Political Economy, volvol 98, pp. 7298, pp. 72--102 (1990)102 (1990) 

BASIC POINTSBASIC POINTS
11 “Growth model”“Growth model” –– growth is driven by technological changegrowth is driven by technological change1.1. Growth modelGrowth model growth is driven by technological changegrowth is driven by technological change

•• which is driven by researchers who are profit maximizing agents at thwhich is driven by researchers who are profit maximizing agents at the
immediate preimmediate pre--commercial stagecommercial stage 

•• Technology is not a conventional good and not a public good”Technology is not a conventional good and not a public good” –– it is ait is a 
“non“non--rival” potentially excludable good, so itpotentially excludable good, so won’t supportwon’t pririval” it support price--takingtaking
competition, it’s more like monopolistic competitioncompetition, it’s more like monopolistic competition

22 The stockThe of humanof capital (talent)capital determines thedetermines of rowthofstock human (talent) the rowth2.2. The stockThe of humanof capital (talent)capital determines thedetermines rate ofrate growthstock human (talent) the of growth

3.3. Given that role, too little human capitalGiven that role, too is devoted tois devoted research (the majoresearch (thelittle human capital to major
input into technology, so behind growth)input into technology, so behind growth)

4.4. Growth theory is therefore ENDOGENOUSGrowth theory is therefore ENDOGENOUS -- part of the economic systeofpart the economic system
not outside itnot outside it

5.5. IntegInte ration into world markets increases accessration into to humanto capca ital andg world markets increases access human pital and 
technologtechnolo y and therefore increasesy and growthgg therefore increases rowth

6.6. A largeA population is notpopulation enough to generateenough growth, the key is the size ogrowth, the key is thelarge is not to generate size of 
human capitalhuman (talent)capital (talent)



2. Romer’s Growth Model2. Romer’s Growth Model 

•• Output per hour worked (productivity) now is 10x as valuable peOutput per hour worked (productivity) now is 10x as valuable per
hour worked 100 years agohour worked 100 years ago

•• Cause:Cause: technological changetechnological change 

•• But: what other specific and measurable factors generate growtBut: what other specific and measurable factors generate growth
of output per workerof output per worker?of outputof per worker?peroutput worker?

–– ““increase in the effectivethe labor forincrease in labor forceeffective ” &” &

–– increase in effective stockincrease in effective of caof pital/workep rstock ca ital/worker



3.3. Romer’sRomer’s 3 Premises3 Premises

1)1) Technological changeTechnological change (“improvement in the instructions for mixing(“improvement in the instructions for mixing
together raw materials”together raw materials” ––ieie, tech. is physical product, tech. is physical product--based, notbased, not 
process) “lies at theprocess) “lies at the heart of economic growthheart of economic growth”process) lies at theprocess) lies at the heart of economic growthheart of economic growth

-- technology provides the incentive for capital accumulation andtechnology provides the incentive for capital accumulation and 
both of these improve output per worker (of products)both of these improve output per worker (of products)

2)2) Technological changeTechnological change occursoccurs in lin f peoplefarge partlarge part because obecause o  people whowho
respond to marketrespond to incentivesmarket incentives

-- academic scientists onacademic scientists on ggggov’tov’t ggggrants don’t but when new knowledgrants don’t but when new knowled e isge isgg
transltrans atedate  into practicainto l gl oodoo s, marks, mar et incentives areet incentives keykl d practica g d k are ey

3)3) Technological knowledgeTechnological knowledge ((ieie, “instructions for working with raw“instructions, for working with raw
materials”)materials”  is) is inherentlyyyy different from other economic modeldifferentinherentl from other economic models::))

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

-- this is the defining economic characteristic of technologthis is the defining economic characteristic of technology



4.4. RomerRomer––Technological Knowledge:Technological Knowledge:4.4. RomerRomer Technological Knowledge:Technological Knowledge:
•• (see pp(see pp--189189--191) “Rival goo191) “Rival good”--property: use by one person or firproperty: use by one person or firm 

precludes use by anotherprecludes use by another

•• “Non“Non--rival good”rival good”--property: use by one person or firm in no way limits usproperty: use by one person or firm in no way limits use
by anotherby another –– so technology is naturally nonso technology is naturally non--rival, it can be readily shared orival, it can be readily shared or 
adopted b otheadopted b otheadopted by othersadopted by others

•• “excludable”“excludable” –– if the owner of a good can prevent others from using iif the owner of a good can prevent others from using it ––
ex., legal (patents) or commercial trade secretex., legal (patents) or commercial trade secret

•• TechnologyTechnology –– is partially excludabis partially excludable

•• So: nonSo: non--rival feature of technologyrival feature of technology--based growth is “unboundedis growthbased growth growth”“unbounded
and “incompand “incom leteplete appropp priap bilitb ya yro ria ilit ””–– meaningmeanin  it can onlit can y bey partlp y excludedyg onl  be artl  excluded

•• So: technology is unlike many other economicSo: goodstechnology is unlike many other economic goods

•• Note: given the powerNote: given of technology (fromof technology human capital in research) fohuman capitalthe power (from in research) for
growth ourgrowth investmenti ini human capital/researchhuman isi toot lowour nvestment n capital/research s oo lowgrowth,growth our investmentour in humanin capital/researchcapital/rese is toois low, investment human arch too low

•• Technological innovation needs market incentives as key to growth bTechnological innovation needs market incentives as key to growth by
technological agents doingtechnological agents researchdoing research



5. Romer5. Romer –– Role of Human Capital:Role of Human Capital:5. Romer5. Romer Role of Human Capital:Role of Human Capital:
•• Increase in the total stock ofIncrease in the total stock of human capital (engaged in research)human capital (engaged in research), &, & 

increase in the amount ofincrease in the amount of researchresearch, are directly proportional to the increase, are directly proportional to the increase
inin economic growtheconomic growth 

•• Total level of human capital and fraction of that capital devoted to researcTotal level of human capital and fraction of that capital devoted to researchTotal level of humanTotal capital andcapital fraction offraction that capitalthat devoted todevoted researchlevel of human and of capital to research
is now highest in human historyis now highest in human history

•• Lack of human capitalLack (engaged in research) = economic(engaged stagnationof human capital in research) = economic stagnation

•• So: little gSo: little rowth in prehistoric times (except increase in labor)growth in prehistoric times (except increase in labor)

•• Civilization, therefore economicCivilization, growth, could not begingrowth, until human capitaltherefore economic could not begin until human capital 
was spwas s ared from pared from roduction and allocated to researchroduction and allocatedp p to researchp pp p

•• Gov’tGov’t policy: subsidies for capital comparescapital poorly to subsidy forpoorly to humapolicy: subsidies for humancompares subsidy for 
capital (engaged in research)capital (engaged in research)

•• Gov’t’sGov’t’s best policy should encouragshould encoura e allocation of human capitale allocation of human tobest policy tog capital
research; next best: subsidizeresearch; next best: production of human capitalproduction (education)subsidize of human capital (education)



6 Romer on Growth Trade and6 Romer on Growth Trade and6. Romer on Growth, Trade, and6. Romer on Growth, Trade, and
Research RelationshipsResearch Relationships (pp. 212(pp. 212--215)215)::
•• Growth is coGrowth is co--related with the degree of integration into world markerelated with the degree of integration into world markets

•• Having a large number of consumers or large population is not keyHaving a large number of consumers or large population is not key –– not anot aHaving a large number of consumers or large population is not keyHaving a large number of consumers or large population is not key not anot a
substitute for trade with other nationssubstitute for trade with other nations

•• Trade forces economic integration with aTrade forces economic integration large poollarge of human capitalwith a pool of human capital

•• Economy with large stock of human capitalEconomy with large (engaged in research) fosters(engagedstock of human capital in research) fosters 
economic growtheconomic growth

•• Accounts forAccounts unprecedented growthunprecedented of 20offor growth 20thth century ecentury conomieseconomiesAccounts forAccounts unprecedented growthunprecedented of 20offor growth 20 century economiescentury economies

•• Less developed economies can benefitLess developed from access to human capital viafrom access to human capitaleconomies can benefit via
trade andtrade the integration it bringsthe integration (story of growth in Asian economies)and it brings (story of growth in Asian economies)

•• Closed economies stagClosed economies sta nategnate



7. Endogenous Growth Theory7. Endogenous Growth Theoryg yg y

•• For Romer, unlike Solow, growth theory incorporates innovation as an For Romer, unlike Solow, growth theory incorporates innovation as an 
ENDOGENOUS t f tENDOGENOUS t f tENDOGENOUS not exogenous factorENDOGENOUS not exogenous factor

•• Romer views technology innovation as inside and part of an economic Romer views technology innovation as inside and part of an economic 
system, not outside it system, not outside it 

•• Romer’sRomer’s concepts of technological knowledge and human capital engaged in concepts of technological knowledge and human capital engaged in 
research create tools to begin to measure innovation’s eco. role research create tools to begin to measure innovation’s eco. role 

•• Romer takes the major next step past SolowRomer takes the major next step past Solow•• Romer takes the major next step past SolowRomer takes the major next step past Solow

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

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



Dale W. Jorgenson, Prof. ofDale W. Jorgenson, Prof. of 
Economics HarvardEconomics HarvardEconomics, HarvardEconomics, Harvard
the Information Age” (Issues in Sci & Tech, Fall 2001))the Information Age” (Issues in Sci & Tech, Fall 2001))

•• Basic Point: 90’sBasic Point: 90’s –– story of technologystory of technology 
breakthrough driving economic growthbreakthrough driving economic growth
–– Resurgence of US economy in ‘Resurgence of US economy in ‘95--’00 outran all expectatioall’00 outran expectations

–– Rapid decline in IT prices provides keydecline in IT prices provides to the surge in 90’s US economiRapid to the surge in 90’s US economickey
growthgrowth

This developmentThis isi rootedr in thein semiconductor technologysemiconductor sectordevelopment s ooted the technology sector–– This developmentThis is rootedis in thein semiconductor technologysemiconductor sectordevelopment rooted the technology sector

(in "US Economic Growth in



2. Jorgenson: “Better,Faster2. Jorgenson: “Better,Faster 
Cheaper”Cheaper”Cheaper”Cheaper”

•• History: Bell Labs ’47 (Bardeen, Brattain, Shockley) developsHistory: Bell Labs ’47 (Bardeen, Brattain, Shockley) develops transistortransistor –– fromfrom
semiconductor materials: electrical switch for encoding information in digital formsemiconductor materials: electrical switch for encoding information in digital form

•• Integrated CircuitIntegrated Circuit::

19581958 JackJack KilbyKilby of Texas Instruments nd Robertof Texas Instruments nd Robert NoyceNoyce FairchildFairchild–– 19581958 --JackJack KilbyKilby, of Texas Instruments, and Robert, of Texas Instruments, and Robert NoyceNoyce, Fairchild, Fairchild
SemiconductorSemiconductor –– developdevelop IC’s/semiconductorsIC’s/semiconductors

–– IC: millions of transistors to store dataIC: millions in binary formin binaryof transistors to store data form –– so at first IC is for dataso at first IC is for data 
Memo ChipsMemo Chips (DRAMS)(DRAMS)sts oragora et ge –– MemoryMemo Chipsry Chips (DRAMS)(DRAMS)

–– Gordon Moore (FairchildGordon Moore Semiconductor)(Fairchild Semiconductor) –– Moore’s LawMoore’s Law –– each new IC: every 2each new IC: every 
years doubles theyears doubles no. of transistors per chip & cost of transistors perno. of transistors per ch chip cut inchip cutthe ip & cost of transistors per in
hah lfalf

–– This is a huge deflationary factor in econois a huge deflationaryThis factor in economy 

19681968 NoyceNoyce Moore andMoore Andy GroveAndy found Intelfoundand Grove Intel–– 19681968 –– NoyceNoyce, Moore, and Andyand Grove foundGrove IntelMoore Andy found Intel

–– Begin makingBegin making Microprocessors or Logic Chips or MicrochipsMicroprocessors or Logic Chips or Microchips

•• First logicFirst chiplogic chip –– 2300 transistors2300 transistorsFirst logicFirst chiplogic chip 2300 transistors2300 transistors

•• Pentium 4 hasPentium 4 42 million42 transistorshas million transistors

mantra of new economy



3.Jorgenson3.Jorgenson--Computing price/growthComputing price/growth 
•• Communications EquipmentCommunications Equipment

–– Cost also down driven by cheaper semiconductorCost also down driven by cheaper semiconductorsCost also down driven by cheaper semiconductorsCost also down driven by cheaper semiconductors

–– Transmission technologiesTransmission technologies –– ieie, fiber optics, microwave broadcasting, fiber optics, microwave broadcasting,
communications satellites, DWDM (dense wavelength divisiocommunications satellites, DWDM (dense wavelength division
multiplexingmultiplexing –– multiple signals over fiber optic cable simultaneously)multiple signals over fiber optic cable simultaneously) ----multiplexingmultiplexing multiple signals over fiber optic cable simultaneously)multiple signals over fiber optic cable simultaneously)
progress at rates faster than Semiconductorsprogress at rates faster than Semiconductors –– key to “free” internekey to “free” internet 

•• Result: Growth ResurgenceResult: Growth Resurgence
–– Accelerating growth in output and productivity in 90’sAccelerating growth in output and productivity in 90’s

–– Driven by decline in Semiconductor pricSemiconductorDriven by decline in prices

–– Leads tLeads o po rice declinesrice in computersin communication equipmentcommunicationt p declines computers equipmentLeads toLeads price declinesprice in computersin , communication, equipmentto declines computers communication equipment

•• Computers: 90Computers: 90--95:95: --15%/year pricea decline;15%/ye decline;r price 95--00:00: --32%/year32%/year

•• Software: 90Software: 90--95:95: --1.6%; 951.6%; 95--00:00: --2.4%2.4%

-- Yields: capital growth in high productivityYields: capital goodsgrowth in high productivity goods

-- Big growth in 90’s in this area, muchgrowth in 90’s in this area, higher than any other capitahigher than anyBig much other capital
goodsgoods ---- And:And:goodsgoods And:And:

-- widespread: pervasive inwidespre economyad: pervasive in economy -- in homes, business,in homes, business, gov’tgov’t



4. Jorgenson4. Jorgenson--Accounting for GrowthAccounting for Growth 
•• MassiveMassive increases in computingincreases in computing power in US:power in US:

–– Raises productivityRaises productivity in ITin IT--producing industries &producing industries & 
Contributes to productivity in whole economyContributes to productivity in whole economy–– Contributes to productivity in whole economyContributes to productivity in whole economy

•• ProductivityProductivity Measures:Measures:
–– IT sector productivity increased steadilyIT sector productivity increased steadily from ’48from ’48--’99; sharp acceleration in’99; sharp acceleration in 

’95’95--’00 in response to Semiconductor price dro’00 in response to Semiconductor price drops

•• Purchase ofPurchase of productivity enhancing equipment:productivity enhancing equipment: 
–– boosts growth in US ONE FULL POINboosts growth in US ONE FULL POINTboosts growthboosts in USin ONE FULLONE POINTgrowth US FULL POINT
–– IT alone accountsIT for half of thisfor half ofalone accounts this

•• IT, 4.26% of GDP,IT, 4.26% of GDP, yields sury ge of USg productivitp yields sur e of US roductivity in ’95in ’95--’00’00y gy p ypg y
•• Summary: ITSummary: growth drives capital investment ingrowth drives capital IIT investment in IT

capital goods, which drives productivity gains, whiccapital goods, which drives productivity gains, which
drives USdrives growtUS growthdrives USdrives growthUS growth

•• BackgroundBackground::
–– ‘45‘45--’73: US productivity growth’73: US productivity growth 3% 
–– ’73’73--’93: US productivity below growthbelow’93: US productivity growth 3% 
–– ’95’95--’00: US productivity growthUS 3.5%, and economic3.5%, and growth 4.growth’00: productivity growth economic 4.2%



5: Jorgenson: What’s Next??5: Jorgenson: What’s Next?? 

•• Acceleration of growth depends on accelerating productivityAcceleration of growth depends on accelerating productivity

•• What happens now that Moore’s Law has slowed?What happens now that Moore’s Law has slowed?What happens now that Moore s Law has slowed?What happens now that Moore s Law has slowed?

–– Semiconductor industry shifted toSemiconductor industry shifted to 3--year product cycle after ’year product cycle after ’03

•• “Performance of IT industries has become crucial to future growth“Performance of IT industries has become crucial to future growth 
prospects. We must give close attention to uncertainties that surround theprospects. We must give close attention to uncertainties that surround the 
future development of IT.”future development of IT.”

•• And: What willAnd: IT role be of Korea,IT role be of Korea  MalayMala sia,sia  SingSin apa ore,ore  Taiwan,Taiwan  China,ChinaWhat will , y , g p , , ,
India?India?

–– Economic lawEconomic of comparative advantage isof now knowledgenowlaw comparative advantage is knowledge--basedbased
instead ofinstead resourcerof esource--basedbasedinstead ofinstead resourceof resource basedbased

–– Knowledge moves fasterKnowledge and is less excludableand than physical resourcesthan physicalmoves faster is less excludable resources



Class 1Class 1 Part 2: Patterns fPart 2: Patterns fClass 1Class 1 –– Part 2: Patterns ofPart 2: Patterns of
investment in Science aninvestment in Science andinvestment in Science andinvestment in Science and
TechnologyTechnologygygy

•• Private investment requires short timePrivate investment requires short time--frameframes•• Private investment requires shortPrivate investment requires short timetime framesframes
•• Federal direct investment in R&DFederal direct investment in R&D
•• FedFe eralera  investment in hinvestment in uman capitaluman capita (ed( ucation)ucationd l h l ed )
•• Nelson on national innovation systemsNelson on national innovation systems
•• Connecting research to developmentConnecting research to development –– thethe

“V“ alla ey oey f Deatf D hV ll o eath”a eya e o eae ty o at



Merrill LynchMerrill Lynch –– The Next Small ThingThe Next Small ThingMerrill LynchMerrill Lynch The Next Small ThingThe Next Small Thing
–– StevenSteven MilunovichMilunovich, John M.A. Roy, An Introduction to Nanotechnology , John M.A. Roy, An Introduction to Nanotechnology –– 9/4/01 9/4/01 
Merrill Lynch ReportMerrill Lynch Report
((http://www.slideshare.net/tseitlin/introhttp://www.slideshare.net/tseitlin/intro--toto--nanotechnologynanotechnology--merrillmerrill--lynchlynch))

•• BASIC POINT: how do investors look at potential technology BASIC POINT: how do investors look at potential technology 
breakthroughs?  Do they believe they drive growth?breakthroughs?  Do they believe they drive growth?g y y gg y y g

•• GROWTH PATTERN: GROWTH PATTERN: 

•• Merrill Report cites its economist Norman Merrill Report cites its economist Norman PoirePoire

•• PoirePoire: growth innovations drive the economy and stock market: growth innovations drive the economy and stock market

•• Takes 28 years for wide acceptance of a new technologyTakes 28 years for wide acceptance of a new technology

•• Takes 56 ea s fo apid g o th to e ol eTakes 56 ea s fo apid g o th to e ol e•• Takes 56 years for rapid growth to evolveTakes 56 years for rapid growth to evolve

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

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


2. Merrill Report 2. Merrill Report –– “Vision /Enabler/ “Vision /Enabler/ 
R h M ” P ttR h M ” P ttResearcher Mass” Pattern:Researcher Mass” Pattern:

•• For example, Nanotechnology = fabrication at the molecular scale (For example, Nanotechnology = fabrication at the molecular scale (ieie, at , at 
100 nanometers, where nanometer = 10 hydrogen atoms)100 nanometers, where nanometer = 10 hydrogen atoms)

Fi tFi t Vi iVi i Ri h d FRi h d F “Pl t f R t th B tt ”“Pl t f R t th B tt ” 19591959•• First: First: VisionVision –– Richard Feynman Richard Feynman –– “Plenty of Room at the Bottom” “Plenty of Room at the Bottom” –– 1959 1959 
envisioned the potential of nanotechnologyenvisioned the potential of nanotechnology

•• Second: Second: EnablerEnabler –– for example, the scanning tunneling microscope (IBM) for example, the scanning tunneling microscope (IBM) 
allowed measurement and basic manipulation of allowed measurement and basic manipulation of nanoscalenanoscale systems (20 systems (20 
years ago)years ago)

•• Third: Third: Research MassResearch Mass –– 11stst: Eric Drexler’s 1981 journal article; by 2000, : Eric Drexler’s 1981 journal article; by 2000, j ; y ,j ; y ,
1800 journal articles (similar to total number of internet articles in early 1800 journal articles (similar to total number of internet articles in early 
90’s)90’s)



3. Merrill Report: Investment3. Merrill Report: Investment 
Timetable Must be Short TerTimetable Must be Short TermTimetable Must be Short TermTimetable Must be Short Term

•• “Although the futuristic market is fascinating, it is not inevitable”“Although the futuristic market is fascinating, it is not inevitable” -- p.2p.2

•• “Nanotechnology is close to commercial markets”“Nanotechnology is close to commercial markets” –– p.2p.2

•• Article reviews key short term marketsArticle reviews key short term markets –– p.5p.5

–– 00--2 years2 years -- short termshort term

–– 00--5 years5 years –– mid termmid term

–– 5+ yea5+ years –– long termlong term 

•• These categoriesThese give agive good perspectivegood on howon far outfar investors winvestors ill looillcategories a perspective how out w lookThese categoriesThese give agive good perspectivegood on howon far outfar investors willinvestors lookcategories a perspective how out will look

•• “The keys to“The nanotechnology are manufacturing and communication.nanotechnology Ikeys to are manufacturing and communication. If
you can’t build ityou can’t build in volume, then there isin volume, not much you can do withnot much you can do it.”it then there is with it.” –
p.5p.5p.5p.5



4. Merrill Report: Near4. Merrill Report: Near--TermTerm NanoNano
Investment FocusInvestment Focus:Investment Focus:Investment Focus:
•• Opportunity One: InstrumentationOpportunity One: Instrumentation –– p.1p.1 –– “In any new“In any new

technology the first winners are the tool makers”technology the first winners are the tool makers”technology the first winners are the tool makerstechnology the first winners are the tool makers
–– Note the interdisciplinary nature of efforts iNote the interdisciplinary nature of efforts in nanonano instrumentationinstrumentation

effort: “chemistry and mechanical engineering”; teams of “chemists,effort: “chemistry and mechanical engineering”; teams of “chemists,
physicists, biologists, material scientists to accelerate research andphysicists, biologists, material scientists to accelerate research andp y , g ,p y , g ,
commercial spinoffs”commercial spinoffs”

•• Opportunity Two: SemiconductorsOpportunity Two: Semiconductors
–– “Within the next ten years, molecular electronics is expected to become“Within the next ten years, molecular electronics is expected to become

available as a replacementavailable for siliconas a replacement for silicon--based computingbased computing –– HP’s StanHP’s Stan 
WilliamsWilliams –– p.4p.4

Merrill: investorMerrill: interest becauseinterest thet timeinvestor because he time frameframe longlong termterm–– Merrill:Merrill: investor interestinvestor because thebecause timeinterest the time--frameframe longlong--termterm

–– Ultra smallUltra small nanonano--based hard drives available at IBM (Petebased hard drives available at IBM (Peter VettigerVettiger) in) in
22--3 yrs, or memory chips in3 yrs, or memory chips in 3--5 yrs5 yrs 

–– Intel’s GaryIntel’s Gary MarcykMarcyk combined “complementary”combined aspects of silicon an“complementary” aspects of silicon and
nanotechnology microprocessors in midnanotechnology microprocessors in mid––term, making a betteterm, making a better
investment option than nanotech microprocessors at HPinvestment option than nanotech microprocessors at HP

SO:SO: WHO WILLWHO DO THE LONG TERM RESEARCH ANDWILL DO THE LONG TERM RESEARCH AND
DEVELOPMENT?DEVELOPMENT? –– IS THIS A GOV’T ROLEIS THIS A GOV’T PROVIDINGROLE PROVIDING
“PUBLIC GOOD”?“PUBLIC GOOD”?

no is too



DIRECT (EXPLICIT) INNOVATIONDIRECT (EXPLICIT) INNOVATION 
C O & SC O & SFACTOR #1: R&D INVESTMENTFACTOR #1: R&D INVESTMENT

•• BASIC POINTBASIC POINT::BASIC POINTBASIC POINT::

•• IF SOLOW IS RIGHT,IF SOLOW IS RIGHT,

–– IE, TECHNOLOGICAL AND RELATED INNOVATION IS RESPONSIBLEIE, TECHNOLOGICAL AND RELATED INNOVATION IS RESPONSIBLE 
FOR 2/3’S OF US ECONOMICFOR 2/3’S OF GROWTHUS ECONOMIC GROWTH

•• THEN R&D INVESTMENT IS A CRITICAL PILLAR FORTHEN R&D INVESTMENT IS A CRITICAL PILLAR FOR 
OUR ECONOMY.OUR ECONOMY.

•• LET’S REVIEW R&DLET’S INVESTMENT PATERNS:REVIEW R&D INVESTMENT PATERNS: 



I. FEDERAL RESEARCH FUNDING:
FEDERAL R&D FUNDING PRIORITIES

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

Rand, based on NSF data; cited: E.Milbergs, Innovation Metrics, NII, 1/2004
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Federal R&D Spending AsFederal R&D Spending As aFederal R&D Spending As aFederal R&D Spending As a
Percent of GDPPercent of GDP
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Gl b li ti f US I d t i l R&DGl b li ti f US I d t i l R&DGlobalization of US Industrial R&DGlobalization of US Industrial R&D

Source: P.Fluery, Yale Eng.Sch.
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‘90‘90--’99 Changes in Federal Academic’99 Changes in Federal Academicgg
Research Obligations by FieldResearch Obligations by Field 

P.Fleury, Yale Eng. Sch.
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SUMMARYSUMMARY--FEDERAL R&D FUNDINGFEDERAL R&D FUNDING 

FEDERAL R&D ROLE DECLINING:FEDERAL R&D ROLE DECLINING:
Federal share of R&D as % of GDP in declineFederal share of R&D as % of GDP in decline 

•• Life science (NIH)Life science (NIH) ––doubled ’doubled ’98--’03, near $30b’03, near $30b 

•• Physical science research declined as % of GDPPhysical science research declined as % of GDP

R&D FUNDING CAPACITY THREATENED:R&D FUNDING CAPACITY THREATENED:
Increasing pressure on Federal budgetIncreasing pressure on Federal budget

•• Explosive short term debtExplosive short term debt --$400+B deficits through decade$400+B deficits through decade,
which will be exacerbated with baby boomer retirwhich will be exacerbated with baby boomer retirewhich willwhich be exacerbated withexacerbatedbe baby boomerbaby retirewill with boomer retire

•• Soc. Sec./Medicare Trustees estimateSoc. Sec./Medicare $72 trillion$72 new presentnewTrustees estimate trillion present
value of federal unfunded entitlement liabilitiesvalue of federal unfunded entitlement liabilities –– total US wealttotal US wealth
$45$45$45$45 TTT

•• Taxation capacity may beTaxation politically brokencapacity may be politically broken 

•• CongCon ressional budgressional bud et,et  appropro riations priations rocesses breakingrocesses breakin  downg g , pp p p g downg gg , p, p pp p gpg p p g



DIRECT (EXPLICIT)DIRECT (EXPLICIT) 
INNOVATION FACTOR #INNOVATION FACTOR #2INNOVATION FACTOR #2:INNOVATION FACTOR #2:
TALENTTALENT --TALENTTALENT

•• BASIC POINT: IF ROMER IS RIGHT,BASIC POINT: IF ROMER IS RIGHT,
–– HUMAN CAPITAL (TALENT) ENGAGED IN RESEARCH, IS CRITICAHUMAN CAPITAL (TALENT) ENGAGED IN RESEARCH, IS CRITICAL 

INPUT FOR THEINPUT TECHNOLOGICALT ADVANCE WADVANCE HICH DRIVEHICHFOR THE ECHNOLOGICAL W DRIVESINPUT FORINPUT THE TECHNOLOGICALTHE ADVANCE WHICHADVANCE DRIVESFOR TECHNOLOGICAL WHICH DRIVES
ECONOMIC GROWTHECONOMIC GROWTH

•• THEN TALENT DEVELOPMENT IS A SECOND KEYTHEN TALENT DEVELOPMENT IS A SECOND KEY 
ECONOMIC PILLARECONOMIC PILLAR

•• LET’S LOOK AT US TALENT PATTERNS:LET’S LOOK AT US TALENT PATTERNS:



TALENT:TALENT:TALENT:TALENT:

–– Romer: Prospector theoryRomer: Prospector theory -- # of “prospectors” impact# of “prospectors” impacts
b f fi db f fi dnumber of findsnumber of finds

–– You don’t fit your talent base to your economy; your talenYou don’t fit your talent base to your economy; your talent 
base sizes your economybase sizes your economy –– they relationshipthey is dynamicisrelationship dynamicbase sizesbase your economyyoursizes economy they relationshipthey is dynamicisrelationship dynamic

–– Total # overall US degrees increased between ’90 and ’0Total # overall US degrees increased between ’90 and ’00 

But: science/engineeringBut: degrees declineddegrees same periodsamescience/engineering declined period–– But: science/engineeringBut: degrees declineddegrees same periodsamescience/engineering declined period



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

Change in Science and Engineering Degrees as a Percent of First University Degrees, 
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12

10

8

6

4

2

0

-2

-4

-6
Sweden Germany Italy U.K. Australia Japan Canada U.S.A

Pe
rc

en
t o

f C
ha

ng
e 

19
85

-9
5

Science Engineering

Figure by MIT OpenCourseWare.



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

Figure by MIT OpenCourseWare.

121086420
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.
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Doctoral DegreesDoctoral Degrees ----

NSF Indicators, 2002 – Cited, E. Milbergs, Innovation Metrics, NII, 1/2004 
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1) Richard Nelson,1) Richard Nelson, 
Prof of Economics Columbia UnivProf of Economics Columbia UnivProf. of Economics, Columbia Univ.Prof. of Economics, Columbia Univ.
National Innovation SystemsNational Innovation Systems –– A ComparativeA Comparative
Analysis (Oxford U Press 1993)Analysis (Oxford U Press 1993)Analysis (Oxford U. Press 1993)Analysis (Oxford U. Press 1993)

•• “Technological cap“Technolo abilities of a nation’s firmsabilities of are a keyare a ke  source ofgical cap a nation’s firms y source of 
their competitive prowess”their competitive prowess”

Nelson develops the term:Nelson develops the term:
“national innovation systems”“national innovation systems”

Does the term make sense despite transnational businesses?Does the term make sense despite transnational businesses? ––
arguably yearguably yesyesyesarguablyarguably

“innovation”“innovation” -- Nelson uses broad def., “process by which firms masteNelson uses broad def., “process by which firms master
and get into practice product designsand get into and new manufacturingand newpractice product designs manufacturing
processesprocesses””



2) Nelson: “Schumpeterian Innovator”2) Nelson: “Schumpeterian Innovator”

•• Destructive CapitalismDestructive Capitalism occurs via innovationoccurs via innovation -- it’s not necessarily theit’s not necessarily the 
firstfirst innovator that captures most of the economic rents associatedinnovator that captures most of the economic rents associated
with the innovationwith the innovation

•• Therefore: aTherefore: a nation’s concernnation’s concern is in broader “is in broader “innovative capabilityinnovative capability””Therefore: aTherefore: a nation s concernnation s concern is inis broaderin broader innovative capabilityinnovative capability
•• Not limited only to firms or only to science research but to aNot limited only to firms or only to science research but to a SYSTESYSTEM

–– “ a set of institutional actors”“ a set of institutional actors” that influence innovative performancethat influence innovative performance
•• Q: What’s “the way technical advanceQ: What’s “the way technical proceeds”advance proceeds” –– what are the “keywhat are the “key

processes”?processes”?––A: science and trial and error learniscienceA: and trial and error learning 
•• Q:Q: Institutional aInstitutional ctorsactors? A:? A: univ ’univ s’s firms gfirms overnment aovernment gencies agencies ndg a andQ:Q: Institutional actorsInstitutional actors? A:? A: univ. suniv. s, firms, government agencies and, firms, government agencies and

policiespolicies
•• Q: is there a “Q: is there a “common analytical framework” across natiocommon analytical framework” across nations??



3) Nelson: Science as Both Leader3) Nelson: Science as Both Leader))
and Follower:and Follower:
•• “New science gives rise to new technology” (and vice versa)“New science gives rise to new technology” (and vice versa)
•• ElectricityElectricity –– Science as Leader:Science as Leader:ElectricityElectricity Science as Leader:Science as Leader:

–– Faraday 1831Faraday 1831 –– electromagnetic inductionelectromagnetic induction 
–– Incandescent light,Incandescent light, gramaphonegramaphone––Edison, telephoneEdison, telephone--BellBell
–– Hertz 1887Hertz 1887 –– radio wavesradio waves –– radio, TVradio, TV
–– Radio/TV, electricityRadio/TV, electricity –– NOT because scientists seeking applicationsNOT because scientists seeking applications

•• ChemistryChemistry-- Science asScience Follower:Fas ollower:ChemistryChemistry Science asScience Follower:as Follower:
–– FirstFirst--alchemy, tanning, dyeing, brewinalchemy, tanning, dyeing, brewing –– practical applicationspractical applications 
–– 1860’s1860’s –– KekuleKekule –– molecular structure ofmolecular structure benzeneof benzene –– leads to organic chemistorganicleads to chemistry
–– Polymer chemistryPolymer chemistry –– grew from industry needsgrew from industry needs 
–– “Chemical Engineering”“Chemical Engineering” –– merger of chemistry and mechanical engineeringmerger of chemistry and mechanical engineering ––

interdisciplinary advance



4) Nelson: More Science as Follower:4) Nelson: More Science as Follower:4) Nelson: More Science as Follower:4) Nelson: More Science as Follower:

•• Steam engineSteam engine –– J. Willard Gibbs creates science of thermodynamics to J. Willard Gibbs creates science of thermodynamics to 
describe steam enginesdescribe steam engines

•• EdisonEdison –– develops electricitydevelops electricity--based lighting (flow of electricity across gap)based lighting (flow of electricity across gap)––d sod so de e ops e ec c yde e ops e ec c y based g g ( o o e ec c y ac oss gap)based g g ( o o e ec c y ac oss gap)
has to develop electron theory has to develop electron theory –– yields much of 20yields much of 20thth century physics, century physics, 
electronicselectronics

•• Aircraft technologyAircraft technology (starts with Wright Bros(starts with Wright Bros –– bike mechanics)bike mechanics) –– yieldsyieldsAircraft technologyAircraft technology (starts with Wright Bros(starts with Wright Bros bike mechanics)bike mechanics) yieldsyields
aerospace engineeringaerospace engineering

•• TransistorTransistor (Bardeen, Shockley, (Bardeen, Shockley, BrittainBrittain -- Bell Labs) in 1940 leads to growth of Bell Labs) in 1940 leads to growth of 
solidsolid--state physicsstate physicssolidsolid--state physicsstate physics

•• ComputingComputing –– yields computer scienceyields computer science

•• Lasers and optical fiberLasers and optical fiber yield science of opticsyield science of opticsLasers and optical fiberLasers and optical fiber yield science of opticsyield science of optics

•• SO: science yields technology but technology yields science SO: science yields technology but technology yields science –– rich and rich and 
complex interactioncomplex interaction

•• NeedNeed bothboth science and technology leadership for science and technology leadership for bothboth science and science and 
technology leadership technology leadership -- interactinteract



) l f S) l f S5) Nelson: Limits of Science:5) Nelson: Limits of Science:

•• Innovation in high techInnovation in high tech –– isis not only invention butnot only invention but::Innovation in high techInnovation in high tech isis not only invention butnot only invention but::

•• DesignDesign –– choosing the right “choosing the right “mix of performance characteristicsmix of performance characteristics”” –– ex.ex.--
modern aircraft wingmodern aircraft wing

•• Most R&D spendingMost R&D spendin  is “isg “incremental improvementsincremental improvements”” –– ex., jet enj gines addeg dex., det en ines adde
to aircraft replacingto aircraft propellersreplacing propellers

•• process ofprocess of incremental advanceincremental is notis classic scienceclassic breakthroughadvance not science breakthroughprocess ofprocess of incremental advanceincremental is notis classic scienceclassic breakthroughadvance not science breakthrough

•• Incremental vs. radical innovatioIncremental vs. radical innovation -- need bothneed both



6) Nelson: Who are the Innovation6) Nelson: Who are the Innovation))
“Institutional Actors”?“Institutional Actors”?

•• 1. Industry Lab1. Industry Lab-- by WWI industrial research lab staffed by Univ.by WWI industrial research lab staffed by Univ.--
trained scientists nd engineerstrained scientists nd engineers dedicated “invention” anddedicated “invention” andtrained scientists and engineerstrained scientists and engineers –– dedicated “invention” anddedicated “invention” and
incremental enhancementsincremental enhancements

–– More important than university or government labsMore important than university or government labs ––More important than university or government labsMore important than university or government labs

–– because: after initial tech. in placeinitial users have knowledgeusers have of strength anbecause: after of strength andtech. in place knowledge
weaknesses that transcends general publicweaknesses that transcends general scientific knowledgepublic scientific knowledge 

•• Reverse engineering is R&D in many countriesReverse engineering is R&D in many countries

•• Note: RNote: &D only&D part ofpart larger innovationlarger pictureR only of innovation picture –– managementmanagementNote: R&DNote: only partonly of largerof innovation pictureinnovationR&D part larger picture managementmanagement
style, organizational organization, including forstyle, R&D, alsoR&D,organizational organization, including for also
importantimportant

SC1

to



7) Nelson: Innovation Institutional7) Nelson: Innovation Institutional
ActorsActors Con’tCon’tActors,Actors, Con tCon t..

bb•• 2. University Labs2. University Labs ––

–– Univ.Univ.--Firm ConnectionFirm Connection –– modern industrial research lab and modern researchmodern industrial research lab and modern research
univuniv grew up as companions/partnersgrew up as companions/partnersunivuniv. grew up as companions/partners. grew up as companions/partners

–– Many academic science fields are appliedMany academic science fields are applied--oriented: material science, computeoriented: material science, computer
science, engineeringscience, engineering

–– If a Univ. supports technical advanceIf a Univ. supports technical advance –– how channeled to nation’s firms?how channeled Someto nation’s firms? Some
argue it isn’targue it isn’t

•• 3. Government Labs3. Government Labs

–– USUS gov’tgov’t. labs keylabs to advance in agriculture,to advance health, nuclear energ. health, nuclear energykey in agriculture, –– they act viathey act via 
public servicepublic missionservice missionspublic servicepublic missionsservice missions

–– [[Gov’tGov’t. labs substitute in many countries for Univ. researc. labs substitute in many countries for Univ. research –– Korea, Finland]Korea, Finland] 



8)Innovation“Institutional Actors”Con’t8)Innovation“Institutional Actors”Con’t

•• 4. Public Sector Support for Industry R&D4. Public Sector Support for Industry R&D

–– Controversial in the US, assumed everywhere else in worldControversial in the US, assumed everywhere else in world. 

–– In USIn US--industrial R&D is rationalized undeindustrial R&D is rationalized under gov’tgov’t. agency mission. agency mission -- ieie,,
defense R&D with industrydefense R&D with industry-- for defensefor defense

There are InterThere are Inter--industry Differences in Innovation Actors:industry Differences in Innovation Actors: 

** affected by role of suppliers/users, etc.affected by role of suppliers/users, etc.

* no standard model* no standard model

* i* i comple technologiescomple technologies ppl chainppl andchain and* in* in complexcomple technologiesx technologies: s: upply chain andsupply chain and
customer/users playcustomer/users role in innovation; alsoplay role in innovation; also

* component and systems producers* component and systems producers

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



9) Nelson: Comparison 9) Nelson: Comparison –– U.S./Japan  U.S./Japan
Innovation Systems:Innovation Systems:
•• ’45’45--’75 US Innovation System :’75 US Innovation System :

–– US firms larger in scale/serving continental sized marketsUS firms larger in scale/serving continental sized markets

US fi d R&DUS fi d R&D–– US firms spend more on R&DUS firms spend more on R&D

–– US US gov’tgov’t spends more on R&D, via defense missionspends more on R&D, via defense mission

–– US Univ. research strongerUS Univ. research stronger –– better connected to industry than in Europebetter connected to industry than in Europe ––US Univ. research strongerUS Univ. research stronger better connected to industry than in Europebetter connected to industry than in Europe
tied to strong public financing for Univ. R&D after WW2tied to strong public financing for Univ. R&D after WW2

–– Most US goods sold into US market Most US goods sold into US market –– little export orientationlittle export orientation

N t US hN t US h U i ’U i ’ (H ki C l bi fi t) d l d(H ki C l bi fi t) d l d•• Note: US researchNote: US research Univ’sUniv’s (Hopkins, Columbia are first) are modeled on (Hopkins, Columbia are first) are modeled on 
German Univ.’s; R&D of US chemical industry (first large scale industry German Univ.’s; R&D of US chemical industry (first large scale industry 
R&D) modeled on GermanyR&D) modeled on Germany

•• ’70’s’70’s ’80’s Japan Innovation System Model:’80’s Japan Innovation System Model:•• 70 s70 s-- 80 s Japan Innovation System Model:80 s Japan Innovation System Model:

–– Resource poor so strong export orientation since 1880’sResource poor so strong export orientation since 1880’s

–– R&D more tied to industryR&D more tied to industryyy

–– Gov’tGov’t via MITI has explicit technology development policyvia MITI has explicit technology development policy



10) Nelson: Country Innovation 10) Nelson: Country Innovation 
System Differences:System Differences:System Differences:System Differences:

•• 3 Basic Categories of Countries:3 Basic Categories of Countries:

–– 1) Large high income countries 1) Large high income countries 

•• Large fraction of economy in R&DLarge fraction of economy in R&D--oriented industriesoriented industries•• Large fraction of economy in R&DLarge fraction of economy in R&D--oriented industriesoriented industries

–– 2) Small high income countries2) Small high income countries

–– 3) Lower income countries3) Lower income countries))

•• Countries without resources have Countries without resources have export orientationexport orientation –– Germany, Japan, KoreaGermany, Japan, Korea

•• National securityNational security imputed to/connected to  innovation system imputed to/connected to  innovation system –– in US,UK, Francein US,UK, France

–– Defense R&D is majority of Defense R&D is majority of gov’tgov’t industrial R&D industrial R&D 

–– Japan Japan –– industrial cartel structure set with high industry R&D preindustrial cartel structure set with high industry R&D pre--WW2 periodWW2 period

•• Differences inDifferences in gov’tgov’t role:role:•• Differences inDifferences in gov tgov t role:role:

–– US, UK US, UK –– limited limited gov’tgov’t role in industrial R&D outside defenserole in industrial R&D outside defense

–– Low income countries and resource short, exportLow income countries and resource short, export--driven countries driven countries –– largelarge gov’tgov’t, p, p gg gg
industrial R&D roleindustrial R&D role



11) Nelson: What Leads to11) Nelson: What Leads to 
I ti S ?I ti S ?Innovation Success?Innovation Success?

•• KEY FACTOR: STRONG FIRMSKEY FACTOR: STRONG FIRMS (not necessarily large), highly competent in:(not necessarily large), highly competent in:

–– product design,product design,

–– management,management,

–– fitting consumerfitting needconsumer needsfitting consumerfitting needs,needsconsumer ,

–– linked to upstream suppliers and downstream markets,linked to upstream suppliers and downstream markets,

–– access toaccess investmentto investment,access toaccess investment,to investment,

–– --must compete in world markets tocompete in be strong,must be strong, &world markets to 

–– --the bulk of their innovation has to bebulk byb  firms themselves [firms themselves even ifthe even ifof their innovation has to be y [
networked to others]networked to others]



12) Nelson: Other Key Innovation12) Nelson: Other Key Innovation
Success FactorsSuccess Factors:Success Factors:Success Factors:

•• EDUCATION & TRAININGEDUCATION & TRAINING –– sciencescience--based industry depends on universitybased industry depends on universityEDUCATION & TRAININGEDUCATION & TRAINING sciencescience based industry depends on universitybased industry depends on university
educationeducation –– the government has a key role supporting higher educatiothe government has a key role supporting higher education

–– HightechHightech sector requires broad base of educated talent in and outside R&Dsector requires broad base of educated talent in and outside R&D 

•• Korea, TaiwanKorea, Taiwan –– education led growtheducation led growth

•• FISCAL, MONETARY, TRADE POLICYFISCAL, MONETARY, TRADE POLICY –– government fiscal and monetarygovernment fiscal and monetary 
policy are one of the most important ways governments influence successfulpolicy are one of the most important ways governments influence successful
innovationinnovation

•• PUBLIC SUPPORT OF UNIV. OR GOV’T LAB RESEARCHPUBLIC SUPPORT OF UNIV. OR GOV’T LAB RESEARCH ----
ForFor univuniv gov’tgov’t labslabs direct idirect nteractions bnteractions researchers ndresearchersi b nd–– ForFor univuniv. or. or gov’tgov’t labslabs –– direct interactionsdirect between researchersbetween andinteractions researchers and
commercial enterprise is criticalcommercial enterprise for moving innovation into practicefor movingis critical innovation into practice –– youyou
need a “technological community”need a “technological community”

–– Defense researchDefense has supportedhas many newmany fields especiallyfields in thein USUresearch supported new especially the SDefense researchDefense has supportedhas many newmany fields,fields especially inespecially the UStheresearch supported new , in US
(electronics, computing, semiconductors, aerospace)(electronics, computing, semiconductors, aerospace)

•• There is “declining spillover” because USThere military has shifted from new generic technology tmilitaris “declining spillover” because US y has shifted from new generic technology to
specific hardwarespecific hardware –– And note: USAnd public R&Dpublic funds much lower outside defensenote: US R&D funds much lower outside defense 



13) Nelson13) Nelson -- Q: What About ExplicitQ: What About Explicit 
Gov’t High Tech Innovation RoleGov’t High Tech Innovation Role?Gov’t High Tech Innovation Role?Gov’t High Tech Innovation Role?
•• Backdrop: High tech advance key to high wages, highBackdrop: High tech advance key to high wages, high 

skills, top competitive management abilityskills, top competitive management ability
•• Innovation System Goal: create systematic technicalInnovation System Goal: create systematic technical 

advance in series of areaadvance in series of areasadvance in series of areasadvance in series of areas
•• Much value occurs downstream in industriesMuch value occurs downstream in industries 

incorporating these advancesincorporating these advances
•• Active gov’t policiesActive gov’t policies can be effectivecan be effective in generatingin generating 

competitive advantage in tech advancescompetitive and areadvantage in tech advances and are 
ti lti ll lcomparaticompara velve y ly ow costow costi l l t

•• AndAnd –– these active gov’t policiesthese active gov’t policies cancan play a role inplay a role in
helping anhelping industryi take advantagetake of uof pstreaan ndustry advantage upstreamhelping anhelping industry takeindustry advantage ofadvantage upstreaman take of upstream
technology advancestechnology advances

•• OverallOverall –– advances in key tech sectors are “buildingadvances in key tech sectors are “building
blocks” for advances in downstream industries, as wellblocks” for advances in downstream industries, as well 
as upstreamas upstream



MENU OFMENU OF DIRECTDIRECT U.S.U.S. 
INNOVATION SYSTEM FACTORINNOVATION SYSTEM FACTORSINNOVATION SYSTEM FACTORS:INNOVATION SYSTEM FACTORS:
•• DIRECTDIRECT–– GOV’TGOV’T ––

–– Univ. R&DUniv. R&D 
–– Gov’t LabsGov’t Labs 
–– Education, TrainingEducation, Training
–– Support for Industry R&D (primarily via Defense,Support for Industry R&D (primarily via Defense, 

agency missionsagency missions)missions)missions)agencyagency
•• Primarily research, butPrimarily research, support throughsupport all stages if agencall stagesbut through if agency

missionmission

•• DIRECTDIRECT PRIVATE SECTORPRIVATE SECTORDIRECTDIRECT –– PRIVATE SECTORPRIVATE SECTOR
–– Industry R&DIndustry R&D 

•• PrimarilyPrimaril  DevelopDevelo menty pment
•• Goes through engineering, prototypingGoes through engineering, and productionprototyping and production 

–– TrainingTraining



MENU OF MENU OF INDIRECTINDIRECT U.S. U.S. 
INNOVATION SYSTEM FACTORSINNOVATION SYSTEM FACTORSINNOVATION SYSTEM FACTORS:INNOVATION SYSTEM FACTORS:
•• INDIRECT INNOVATION FACTORS INDIRECT INNOVATION FACTORS –– SET BY GOV’T:SET BY GOV’T:

–– Fiscal/tax/monetary policyFiscal/tax/monetary policy

Trade policyTrade policy–– Trade policyTrade policy

–– Technology standardsTechnology standards

–– Technology transfer policiesTechnology transfer policiesTechnology transfer policiesTechnology transfer policies

–– Gov’tGov’t procurement (for mission agencies)procurement (for mission agencies)

–– IntellecturalIntellectural Property protection systemProperty protection system

–– Legal/Liability systemLegal/Liability system

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

–– Accounting standards (via SEC through FASB)Accounting standards (via SEC through FASB)

–– Export controls Export controls 

–– ETC.ETC.



MENU OFMENU OF INDIRECTINDIRECT U SU SMENU OFMENU OF INDIRECTINDIRECT U.S.U.S.
INNOVATION FACTORS, CON’T.:INNOVATION FACTORS, CON’T.:

•• INDIRECT INNOVATION FACTORSINDIRECT INNOVATION FACTORS –– SET BY PRIVATE SECTOR:SET BY PRIVATE SECTOR:INDIRECT INNOVATIONINDIRECT FACTORSINNOVATION FACTORS SET BYSET PRIVATE SECTOR:PRIVATEBY SECTOR:

–– Investment CapitalInvestment Capital –– angel, venture, IPO;s, equity, lendiventure, IPO;s, equity,angel, lending

–– MarketsMarketsMarketsMarkets

–– Management & Management Organization, re: innovativeManagement & Management and competitivOrganization, and competitivere: innovative 
quality of firmsquality of firms

–– Talent Compensation/Reward systTalent Compensation/Reward system

–– ETC.ETC.



LEWIS M.LEWIS M. BRANSCOMBBRANSCOMB & PHILLIP E.& PHILLIP E.
AUERSWALDAUERSWALD,,

BETWEEN INVENTION AND INNOVATIONBETWEEN INVENTION AND INNOVATION –– AN ANALYSIS OFAN ANALYSIS OF 
FUNDING FOR EARLYFUNDING FOR EARLY STAGE TECHNOLOGY DEVELOPMENTSTAGE TECHNOLOGY DEVELOPMENTFUNDING FOR EARLYFUNDING FOR EARLY--STAGE TECHNOLOGY DEVELOPMENTSTAGE TECHNOLOGY DEVELOPMENT
(Commerce Dept., NIST(Commerce Dept., NIST 
Report GRC 02Report GRC 02--841 11/2002)841 11/2002)Report GRC 02Report GRC 02 841, 11/2002)841, 11/2002)

•• FINDINGS:FINDINGS:FINDINGS:FINDINGS:
–– 1) Funding for1) technology development intechnology theFunding for development in the

stage betweenstage invention and innovation comesbetween invention and innovation comes 
from:from:
••Individual privateIndividual private--equity “angel” investorsequity “angel” investors 
••CorporationsCorporations••CorporationsCorporations
••Federal government programsFederal government programs

–– Does NOTDoes come fcome rom Vrom enture CapitaentureNOT f V CapitalDoes NOTDoes come fromcome Venture CapitalVentureNOT from Capital



LewLew BranscombBranscomb--Prof. Emeritus, Kennedy School,Prof. Emeritus, Kennedy School, 
Harvard.; VP & Chief ScientistHarvard.; VP & Chief Scientist –– IBM; Director ofIBM; Director of 
NIST; physicistNIST; physicist –– atomic and molecular ions; NSF’satomic and molecular ions; NSF’s 
V.BushV.Bush Award winnerAward winner
PhilPhil AuerswaldAuerswald––Ass’tAss’t Prof. at George MasonProf. at George Mason-->>
Branscomb’Branscomb s’s student &student collaborator atcollaborator Harvard& at HarvardBranscomb sBranscomb s student &student collaborator atcollaborator Harvard& at Harvard



Branscomb & AuerswaldBranscomb & Auerswald
FINDINGS, CON’T FINDINGS, CON’T ––
•• Markets for allocating capital to earlyMarkets for allocating capital to early--stage tech stage tech 

ventures are NOT efficientventures are NOT efficient
•• In response to these inefficiencies, institutional In response to these inefficiencies, institutional 

t h l d f l t f dit h l d f l t f diarrangements have evolved for early stage fundingarrangements have evolved for early stage funding
•• Conditions for success in scienceConditions for success in science--based tech innovation based tech innovation 

are concentrated in a few geographical areasare concentrated in a few geographical areasare concentrated in a few geographical areas are concentrated in a few geographical areas 
•• InnovatorInnovator--investor proximity is importantinvestor proximity is important
•• Federal role in early stage tech transition is very Federal role in early stage tech transition is very 

significant significant 
F d T h d l f d l d d ’F d T h d l f d l d d ’•• Fed. Tech development funds complement and don’t Fed. Tech development funds complement and don’t 
substitute for private funds  substitute for private funds  



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



Branscomb & Auerswald, Con’t- The Linear Model 

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



Branscomb & AuerswaldBranscomb & Auerswald –– TheThe
Linear/Pipeline Model, Con’tLinear/Pipeline Model, Con’t

•• The linear model is unrealisticThe linear model is unrealistic –– “the actual pathway“the actual pathway
included multiple parallel streams, iterative loops throughincluded multiple parallel streams, iterative loops through 
the stages, and linkages to developments outside the corethe stages, and linkages to developments outside the corestages, linkages developmentsstages, linkages developments
of any single company”of any single company”

•• realistically, “realistically, patents occurpatents throughout”throughout the phasesthe“ occur ” phasesrealistically, patentsrealistically, occur throughoutoccur the phasesthepatents throughout phases

•• The top line of the chart does not capture “the full range ofThe top line of the chart does not capture “the full range of 
exit optionsexit thet alternatives andalternatives branchesb of wof hereoptions he and ranches whereexit optionsexit , the, alternatives andalternatives branches ofbranches whereoptions the and of where
projects go, and what happensprojects go, and to them”what happens to them” 

•• “Darwinian“ SeaS ” of” interaction binteraction etween Retween and Dand andDarwinian ea of b R D andDarwinian SeaDarwinian of interactionof between Rbetween and Dand andSea interaction R D and
development stages better termdevelopment stages better term ------



Branscomb & Auerswald, Con’tBranscomb & Auerswald, Con’t

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



Branscomb & Auerswald, Con’tBranscomb & Auerswald, Con’t
Funding SourcesFunding Sources –– Early StageEarly StageFunding SourcesFunding Sources Early StageEarly Stage
Technology Development ($5Technology Development ($5--$36B)$36B)::
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E l h d lE l h d l d fd f
Branscomb & Auerswald, Con’tBranscomb & Auerswald, Con’t
•• Early stage tech development:Early stage tech development: product specs for an product specs for an 

identified market are developed and production identified market are developed and production 
processes are reduced to practice, defined, and productprocesses are reduced to practice, defined, and productprocesses are reduced to practice, defined, and productprocesses are reduced to practice, defined, and product
cost established. So in this stage: Invention turned into cost established. So in this stage: Invention turned into 
prototype(s), engineering design, design for mfg., and prototype(s), engineering design, design for mfg., and 
product market setproduct market setproduct market set.product market set.

•• Venture capitalVenture capital funding is spent on product development funding is spent on product development 
d b i d l t t l t t hd b i d l t t l t t hand business development not early stage tech and business development not early stage tech 

developmentdevelopment

B t $5B (2%) d $36B (14%) f ll US R&DB t $5B (2%) d $36B (14%) f ll US R&D•• Between $5B (2%) and $36B (14%) of overall US R&DBetween $5B (2%) and $36B (14%) of overall US R&D
spendingspending was devoted to early stage tech development was devoted to early stage tech development ––
the 2 numbers were modeled based on differentthe 2 numbers were modeled based on differentthe 2 numbers were modeled based on differentthe 2 numbers were modeled based on different
definitional “early stage” interpretationsdefinitional “early stage” interpretations



Branscomb & Auerswald , Con’tBranscomb & Auerswald, Con’t
•• Corporate Innovation:Corporate Innovation: Generally has to be withinGenerally has to be within 

firm’sfirm’s core businesscore business
•• focused onfocused on incrementalincremental innovation, rarely radicalinnovation, rarely radical 

innovationinnovation
•• Corporate management tends to driveCorporate management tends to drive investmentinvestment

toward products where the commercial case is strongertoward products where the commercial case is stronger
–– i.e., incremental R&D in core businessi.e., incremental R&D in core business

•• Outsourcing R&D:Outsourcing R&D: Corp’s increasingly usingCorp’s increasingly using externalexternal
lli / hilli / i// hi i h f lh f lallia ances/ances partpar nershiners ps/ps consortiaconsorlli / t hi / tia –– more reachmore reac forf lesslh or ess

money and risk, enabling early stage investmentmoney and risk, enabling early stage investment 
justificatioj nustificationjj

•• SomeSome corp’scorp’s establish their ownestablish their own venture fundsventure funds to locateto locate 
and suppand su ort innovation outside firmpport innovation outside firm 



Branscomb & Auerswald, Con’tBranscomb & Auerswald, Con’t
•• OTHER PLAYERS:OTHER PLAYERS:
•• Univ’sUniv’s 19 have apital funds19 have apital funds•• Univ’sUniv’s 19 have capital funds to19 have capital funds to

push Univ. research to commercial range; usepush Univ. research to commercial range; use
BayhBayh--Dole Act (Univ holds patent for federalDole Act (Univ holds patent for federalBayhBayh Dole Act (Univ. holds patent for federalDole Act (Univ. holds patent for federal
R&D it conducts)R&D it conducts)

•• States:States:States:States: a fa ew startingew commercialization fcommercialization undf starting fundsa fewa starting commercialization fundsfew starting commercialization funds
•• AngelsAngels––initially family members, friends;initially family members, friends; 

now“now Band ofBand Angels”Angels and soloand professionalsp“ of ” solo rofessionalsnow Bnow and ofand Angels andAngels solo professionalssoloB of and professionals
•• FederalFederal –– strongest programs: SBIR, ATPstrongest programs: SBIR, ATP 

own venture-



WRAPWRAP--UP:UP:
•• SolowSolow –– key to growth: “technology and related innovation”key to growth: “technology and related innovation” 

(shorthand: R&D)(shorthand: R&D)

•• RomerRomer –– behind technology: “human capital engaged inbehind technology: “human capital engaged in 
research”research” –– prospectors (shorthand: Talent)prospectors (shorthand: Talent)

•• JorgensonJorgenson –– key to 90’s growth: SC’s, multiply productivitykey to 90’s growth: SC’s, multiply productivity 
throughout economythroughout economy

•• MerrillMerrill –– investors understand value of technologyinvestors understand value of technology 
breakthroughs, but only support short term developmentbreakthroughs, but only support short term development

•• Direct Innovation FactorsDirect Innovation Factors --

–– R&D andR&D and 

–– TalentTalent



WRAPWRAP--UP, CON’TUP, CON’T:,,
•• NELSON:NELSON:

–– Idea of innovation as aIdea of innovation as a complex systemcomplex system 

–– Operates at aOperates at a national scalenational scale 

–– We can doWe can do comparative analysis of national innovatiocomparative analysis of national innovationWe can doWe can do comparative analysis of national innovationcomparative analysis of national innovation
systemssystems

–– System oSy pppperates at thestem o erates at the INSTITUTIONAL LEVELINSTITUTIONAL LEVEL --look alook ayy
connections, interaction betweenconnections, interaction between innovation actorsinnovation actors in publicin public 
and private sectorsand private sectors

•• INDIRECT INNOVATION FACTORS, TOOINDIRECT INNOVATION FACTORS, TOO
–– Mix of indirect and direct innovation factors in interacting inMix of indirect and direct innovation factors in interacting in 

an ian nnovatinnovat on ecosystemi ion ecosystem

•• BRANSCOMB AND AUERSWALDBRANSCOMB AND AUERSWALD
–– Valley of Death between R&DValley of Death between R&D
–– Not linear, a DarwinianNot linear, a Darwinian SeaSea
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