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STRAC

Venture capital has transformed the innovation process in the US. Venture
capitalists provide funds and assist in the formation of new high technology
businesses. They actively cultivate networks comprised of financial

- institutions, universities, large corporations, entrepreneurial companies and
other organizatlons ) These networks and the information flow at their
‘disposal enable them to reduce many of the risks associated with new
enterprise formation and thus to overcome many of the barriers that hold back
innovation. Venture capital-financed innovation is a "new model" of
innovation which goes beyond both classical entrepreneurship and corporate-

- based innovation. Venture capitalists forge important linkages among a. . .
variety of organizations which are important to the innovation process and act
as "technological gatekeepers" accelerating the process of technological
change. The venture capital industry is organized in a series of relatively
self-contained complexes -- technology-oriented, financial-oriented and hybrid
" -- which play distinet roles in the process of venture capital-financed
innovation. While venture capital catalyzes technological change, it also
generates costs, most notably the disruption of established research
organizations and the establishment of strong. incentlves for "breakthroughs"
as opposed to. other types of innovation :




Introduction

The importance of venture caﬁital-financed innovation to the US economy

is reflected in the fast growing, high technology areas where venture backed
firms ﬁave risen to prominence [1]. These include'semicon&uctors, personal
computéfs, biotechnology, CAD-CAM, software and artificial intelligence.
Successes such as Faifchild, Intel, Digital Equipmenf_Corporation.(DEC),.

'.‘Apple, Microsoft, Sun Microsystems, and Genentech have virtually defined the
emergence of critical new ﬁechnologies and industrial branches [2]. Recent

:yeafs hﬁve witneééea.ﬁﬁ"éipigéisn.iﬁiﬁeﬂtufe-éépitai fiﬁancings of highr
technology businesses; indeed more than 85 percent of all wventure capital has
flowed to technology intensive areas [3i.

Venture capitalists play a critical role in the inﬁovation process in
the US by.providing funds and helping to organize embryonic technology-
§riented companies. They sit at the center of multifaceted.netwérks - which
they actively help develop -- comprised of financial-institutions, large

'corporations, universities and entrepreneurs, and in doing seo, forge importént
linkages between iarge and small inétitutions. Venture capital serves in
large measure to formalize the roles historically played by the_eﬁtrepreneur'.
and independent financier and lend structure to the innovation process and

~attendant "gales of creative destruction" which are so vital to the wave like

-eXpansions..of .capitalist societles [4]. .
.”.....Thé.hajof tﬁesisrbf‘this‘bapéf is that ﬁéﬁtﬁfénééﬂifél.ﬁgﬁmtfﬁﬁéféfﬁéd
~ the process of innovation in the US. We contend that venture capital has

given rise to a "new model" of innovation which transcends the entrepreneurial




versus corporate dichotomy posed by neo-§Chumpeterian theory. Venture
capital-financed innovation overcomes financial, technological and
organizational barriers which characterize both entrepreneurial and corporate-
based'innovation. We further contend that venture capital-financed innovation
~ accelerates the process of technological change and argue that venture
capitalists perfo:miné a critical, tecﬁnological gatekeeping function.

Lastly, ﬁe suggest that the way venture Qﬁpital influences innovation différs
‘substantially by place and that fully blown venture capital-financed

' innovation generally takes place only in thoée areas which possess well
déveloped teéhnological infrasﬁructures or what we refer to as "sbcial
structures of innovation" anchored by venture capital.

This paper proceeds aé follows. The first section presents a.brief
overview of tﬁe venture capital industry. The second section Prbvides a
concise description of the functions that venture capitalists perforﬁ over the
course of the technology life cycle. The third section then outlines our
model of venture capital-financed inndvatiﬁn. The fourth section eiaborates
on this model thrﬁugh examples taken from the semiconductor, personal
computer, and biotechnology_industfies. The fourth section outlines some of
the salient differeﬁces-among the major centers of venture capital aétivit --

California, Boston, New York and_Chicago, while the fifth.explores the limits .

-.0F.venture.capital-financed. innovation.... We..conclude with.a. summary.ef. major
pdints and a general discussion of venture capital's impact on innovation and

economic growth.




VENTURE CAPITAL: AN OVERVIEW

Venturing is a relatively unique form of investment. Venture capitalists
invest in new, unproven enterprises which traditional financial institutions |
ignore;[S].r Instead of 1endiﬁg money, they exchange capital for an equity or
ownershfp stake in the companies they finance. Venture capitalists are aetive
investors and are integrally involved in the creation of young companies. In
addition, most.venture capital investment takes place in syndicates involving
two.or more venture capital firms.[6] This process referred to as
.“.coinvesting enables venture capitalists to pool expertise diversify thelr
- investment portfolios and share risk.

Venture capitalists reduce investment uncertainty through carefui
screening of business proposals and by takiag aa active role in the management
of portfolio companies [7]. The use of equity investment rather than debt
eliminates the.problem of seheduled repayment; It allows young companies to
reinvest their earnings and provides an asset base which can be used to
'attract outside eapital and enhance a company's credibility with vendors and
financial institutions {8]. Equity financing enables venture capitalists to
- assume substantial investment risks since one enormously successful investment
.ean more than offset a series of bresk-even investments or outright lesses;. A
study of the perfermance of 10 leading renture capital funds indicates that of -

525 venture investments made during the period 1972-1983, just 56 "winners"

”W(or 10.7" percent) generated more than half ($450 million) of” the total value
‘held in portfolioc ($823 million), while roughly half (266)'either broke even

- or lost money [9].




Venture capital is provided through a numbér of different types of
organizations, Of particular significance are venture capital limited
‘partnerships which account for more than half of all venture capital firms and
: cﬁntrdi approximatglj three-quarters of industry resources (Exhibit 1). Ihése
‘are comﬁrisgd of Both g;néral and limited partners. The general partners are
the profeésional venture capitalists who secure capital commitments for the
fund aﬁd make and manage its investments, while the limited partners are the

fund's investors. Limited partnefships have a fixed life of seven to ten

" years. The first few years are ones of active investment, while the remaining -

period is used to build companieé to the point of public stock offerings,

' merger or another form of exit. Because of their limited life expectancies,

paftﬁerships seek to rapidly build ﬁompaniés and liquidate investments in -

- order to realize capital gains {10]. |

Recent years haﬁe seen a shift in the source of funds for'limitéd

: partherships (Exhibit 2). Between 1978 and 1984{ capital supplied by families
'aﬁd individuals declined in importance relative to capital from financial

" iInstitutions and corporations. By 1984, pension funds had become the single,

.most important sﬁurce of funds to venture capital partnerships, supplying $1.1
billion or 35 pércent_of,total capital. There were four primary reasons
underljing the shift to institutional sources of capital;. First, reductions

in the tax rate on capital gains made venture capital partnerships an

restrictions on public pension fund investments made partnership investments

especially attractive for pension funds. Third, the "profit squeeze" faced by

o at‘traéfive"""inves tment""‘vehi’cl‘e"“"‘fo'r"'"'].'arge-““‘invé"s'tors':“"""‘Sé'c"oﬁd;“".‘ch"ange"s “of “f‘e"d‘e‘ra“l i




EXHIBIT 1

Types of Venture Capital Firms

: ' Average
Number Share Capital Share Capital

of of - - Base of Base _ ;

Firms Total (Bllllons) Total (Mllllongl _ : ;
Limited Partnerships 271 53.2 2% $12 2 7e7% $44.9
Financial Subsidiaries 51 10.0 2.0 - 12.1 38.8
Industrial Subsidiaries 44 B.6 1.4 8.7 32.3
Venture Capital Oriented SBICs* 143  28.0 0.7 4.4 5.1
TOTAL 509 100.0 - $16.3  100.0  $32.0

_ NOTE: * Includes only small ‘business investment companies (SBICs) .which are
venture capltal orlented :

Source: Venture Economics, Venture Gapital Yearbook [3]




EXHIBIT 2

Capital Sources for Venture Capital
Limited Partnerships, 1978-1984
(Millions. of Dollars)

. Absolute Ratio of
1978 1980 1984 Change Change

S T (e wawww_ms““Wiﬁmwngﬁmig7“ R e g

Funds . (14.8) (29.8) (34.1) (35.5) -

Industrial $§ 22§ 127 $ 463  § 44l 20.15
Corporations (10.2) (19.2) (14.3) (14.9) -

Insurance § 35 $ 88 $ 419 "§ 384 10.97
Companies (16.2) =~ (13.3) (13.1) . (12.9) -

‘Foundations ~ § 19 § 92 § 178 § 159 - 8.37
(8.8 | (13.9)  (5.6)  (5.4) -

Foreign . & 38 $ 55. § 573 $ 535 14.08
Sources - (17.6) ( 8.3) (18.0) (18.0) -

Individuals/ $ 70 0§ 102§ 467 $ 397 '5.67
Fanilies . (32.4) (15.4) (14.7) (13.4) -

. TOTAL §. 216 $ 661 $3,185 $2,969 13.75

NOTE: Numbers in parantheses equal percentage share of total.:

. Souﬁce¢wWVentufemEconomieswwﬂenturamﬁanixglMXaarbookWLBJn




many corporations and financial institutions over the past five years or so
accelerated the flow of capital into new areas sucﬁ as venture capital.
Fourth, active sponsorship of companies by investment banks in the public
securifies market increased investor confidence in the long term viability of
ven;ure.hapital as an investment outlet-[ll]{

In addition, there are approximately 50 venﬁure capital subsidiaries of

financial institutipns which control approximately $2 billion in resources

f(Exhibit 1) [12]. Another 44 funds are subéidiaries of industrial .

' " corporations such as Xerox, General Electric and Lubrizel, which control

approximately $1.4 biilion in venture capital. The substantial majdrity of
these fi:ms invest strategically to diversify product lines, to secure a
"window on technology" or as a potential fifst step in aquiring or developing
a st:ategic partnership with a sucqessful small company [13]. Generaliy
speaking, ventﬁre capital subsidiaries are organizationally distinct entities
and are not subject to the.invgstment biases of their corporate parents.
‘”ﬂ““fiﬁaliy,rtﬁefé aré.léj fénture.#apitalud£ienfed1éﬁall.Bﬁ#inésétinve9£méﬁf
companieé (SBICS)thich are able td access to federal leveraging funds under

~ provisions of the 1958 SBIC-Act [14). Even though ther§ are a relatively
large mumber of SBIés, they Qoﬁprise_only & marginal part of the_ventufe'

capital industry. SBICs are generally smaller than other types of venture

-mcapital%fundswhavingwanwaver&gewcapitalizationmofwjust¥$5fiﬁmil&ionWMwForwthe

most part, SBICs have not been important in financing cutting edge, high
- technology enterprises [15].

- The emergence of limited partnerships as the dominant form of venture




investing was the result of a the résult.of_a lengthy period of
experimentation and evolution which distilled this mechanism from a variety of
organizational forms for providing venture capital. Bgsipally, the limited
partneéship eclipsed other models bedause it both provided an effective way to
'-mobiliéé large amounts of funds from ﬁﬁtside investors and enabled venture
capitalists to realigé significant financial gains. Today, partnerships are

often piggy-backed one on top of another, giving rise to the phenomenon of

__"megafunds” valued in excess of $500 million [16]. To effectively manage

their assets, megafundS-havemadopted increasingly formal organization.

VENTURE CAPITAL, NEW BUSINESS FORMATION AND TECHNOLOGICAL CHANGE

Venture capitalists are involved.in a wide variety of tasks that are
necessary to launch new, innovaﬁive'businESses. In the following section, we
explore the various functions performed by venture capitalists_by tracing the

changing na#urg fo their involvement over the course of the technology life
cycle. The technology cycle has been:described.as taking the sﬁape of an S;.
curve, proceediﬁg‘through three stages: emergence (initiation and rapid
-growth}), consolidatiﬁn (increasing economies of séale and steady expansipn)
and.maturity.(oligopbly_and decline) {17]. As Figure 1 shows, venture capital

is most important during the emergence stage which begins with a major

. This™phase™1s marked by experimentation with new"

‘technology, uncertainty regafding future progress, wide_ppeh markets, low
entry barriers and diseconomies of scale.

.During this stage, venture capitalists evaluate the technological
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potentials, financial requirements and organizational capabilities of new

: businesses and the products upon which they are based {18]. It is only after

gérefully screening the businéss proposél or_“business plan® that venture

capitﬁiists decide to invest.  1In this seﬁse, venture capitalists affect the

-trajectary of techndiogical developmentrbefore actually investing. |
Personal contaéts~are crucial to the search for good venture capital

investments. Survey research indicates that nearly two-thirds of all

—‘Wprcposalsuaremté£erralsﬁ£xomnothenmnentureﬁcapina;istswgpensggglwMLﬁwm“mw
acquaintances, banks or investment.brokersy while only 25 percent are
unsolicited "cold calls" [19]). Our interviews indicate that.the'large
.majority of proposals which are seriously evaluated by.venture capitalists
come from closé personal contacts such as executives of successful portfolio
éompanies, establishe& entrepreneurs ot other vénture capitalists [20]. While
. réputable vénture capitalists ¥eceive.between 300 and 500 business proposals a
"uyear; Just 25 to 30 are selected for careful screening and only ong”to_fivéru_‘
actually réceive funding.

Venture Cafitalists evaluate business ﬁlans in light of a variety of
~eriteria including: the originality.of the proposed product or technology,
- its potential compefitors, market size, busineés strategy and projected sales,

the évailability of patent protection or other proprietary characteristics,

"EhewqualibywandwbusinesswancnmenMgfgﬁhgm;hﬁzgngggggx1élM8£QyP1VQEd-th¢~

prospective manner of exiting from the investment and realizing a substantial
capital gain [21]. Venture capitalists also engage in extensive conferrals

with the management.of potential startups. This is suppleﬁented by a




relatively formal process of "due diligence" which involves a detailed search
of references and the solicitation ofeoutside informatipn from potential
customers, suppliers and competitors about the quality of the tgchnology'and
the enéreprengurial group. |

6nce the.business plan is accepted, capital is provided to the new
gnterprise.: In return, venture capitalists receive a significant ownership

. stake in the new company along with representation on the corporate board of

via syndicates. Our interviews with venture capitglis;s suggest that the most
highly'regardedIinvestments are ﬁself-organiéing" -- that is, two or more
. venture capital firms will simultaneously evaluate a potenﬁial investment and
ﬁutually-agree to invest and form a_syndicate_[22]._

| :Venture capltalists provide significant non-financial aésistance to -
" small, technology intensive businesses. They have substantial experience and
_contacts vhich help new companies secure legal counsel, patent attorneys,
accounting services, outside technical expérts, pﬁblic relations consultants
and a wide varietf of ancillary business sérvices as well as locate office or
production facilities.' The provision of financing from a reputable venture
firm in established technology regions like Silicon Valley or Route 128

functions as a "seal of approval" for new companies which need to establish

“working rélationships with suppliers, "finaneial frstitutions dnd related

businesses. Venture capitalists firms may also organize strategic
: partnerships between portfolio companies and larger corporations through

” technology exchanges, OEM or'other_custbmer'agreements and minority equity




investments.

- Venture capitalists often recruit managers for business startups. To

assist with such efforts, most venture firms have executive search firms on

retainer. A recent survey of 77 important venture capital firms indicates

that the venture capital community views management recruitment as the single .

lmost important form of assistance provided to young companies [23]. Indeed,
~the top flight Mayfield Fund has recently added a "recruiting partner" who

bw;specializes in filling management. positions at portfolio companies [24].

. Venture capitalists provide important assistance in luring top-level personnel

from secure academic or corporate posts by offering equity stakes in fledgling
businesses and the concomitant possibility of realizing large capital gains.

The role of venture capital changes as new businesses and technologies

proceed threugh'the cycle (Figure 1). Over time, technological and

entrepreneurial skills diminish in importance relative to managerial and

marketing capabilities and the young company establishes a more formal

organizational structure. At this stage, the role of venture capltal shlfts‘

from active intervention to one of advice and assistance. The venture

capitalist's expertise in particular industries and prior experience with

“business expansions provides a reservoir of knowledge which can be critical

for the survival of a growing company. Venture capital firms also encourage

'”ttiVe“pr6bTeﬁ”soivtﬂngy“menegerswoprortfoitowcompaniesvwcreetingman--'

"_intensive information exchange among entrepreneurs which eliminates or

diminishes the severity of many problems associated with new business

development.




The relationship between venture capitalists and the companies they
finance is not always devoid of conflict, Although venture capitalists and
‘entrepreneurs typically work together to build new companies; the reasons that
they do so are often quite different. Of primary importance to venture
_canitaiists are the profits or capital gains made on investments. While
entrepreneurs are also interested in financial gain, they are also likely to

. be driven by somé combination of profit longterm ‘economic . security, sense of

mission‘ and attachment to their enterprise WTheeemdiffefenees maylondefeeore
more obvious disagreemente which can at times lead to bitter confrontations
over corporate policy. In such cases, venture capitalists can use their
.control of board positions or leverage over further rounds of financing to
coerce management to make changes or to remove nhe founder or entrepreneurial
group. If dieagreements are serious enough, venture-oapitalists will endeavor

“to replace_managers and in certain situations may assume direct operating

positions themselﬁes, thongh.ouf'interviews ﬁiﬁh'ventufeecepitalists lead us

to conclude that they will do so only in the most dire situationms. Venﬁure
capitalists may e}so remove top.executives in response to.organized movements
of upper-level managers. | -

.Venture capital firms use investment syndicates to secure.additional

rmmds of. financing fox. newmcompanies .The. oxiginal lead investor may

arrange two or three investment syndications involving as many as 15 other
investors. Lead investors typically use personal networks to secure
coinvestors, trading opportunities to participadte in each others investments.

“While investment syndications are primarily accomplished to provide capital,

10



venture capitalists typically seek coinvestors with complementary skills and
supplementary contacts.. |

Venture capitalists’ réle in the innovation process culminates when
they "éxit“ from their investments (Figure 1). This is typically accomplished
through‘h pubiic stock offering or upéard merger wﬁich ttansforms.investménts
into liquid capital. ' Between 1978 and 1984,.near1y 300 venture backed

| cpmpanies were brought into the market for initial public offerings or IPOs

_[25]. The push to go public is ‘embedded in the _very structure of the venture

capital industry. The more. quickly investment portfolios are liquidated (at
high multiples of the original investment) and the limited partners receive

their'return, the sooner the venture capitalist can launch another fund [26].

- A NEW MODEL OF INNOVATION
The rise of venture cépital has dramatically transformed the way that

innovation takes place in the US giving rise to a “new model“ of innovation

which integrates components of entrepreneurial driven versus corporate- led
dichotomy posed_by neo-Schumpetarian theory [27]. Under entrepreneurial
innovation (model 1), individual entrepreneﬁrs or entrepreneurial groups drive
the innp&ation process. These actors either utilize ideas drawn from science

or employ technical know-how to launch new prodﬁéts and forge new product

- 'marksts. The technological and organtzational changes brought about by these-

innovations generate strong bandwagon effects which leads to the creation of
‘new .industries, the revitalization of some older ones and the disappearance of

_still others.

11



Under corporate or managed innovation (mode1:2), large corporations
organize the R&D process and internalize mhch-innovative-activity. These
corporations use internal R&D to remain at the forefront of new technqlogy and
generaﬁe successive waves of innovation. According to Freeman et al, this
createsA*a strong positive fe;dhack ioop froﬁ successful innovation to
.increased R&D activity setﬁing up a virtuous self-reinforcing circlé" [28];

The internalization of innovation within 1afge corporations makes

tephnological chapge a less sporadic, more continuous proces;._“L e

Recently, a number of analysts have poséd the idea of a complementarity
"~ existing between large and small institutions [29]. According to this view,
large corporations and universities establish the scientific and technological
context necessary for innovation, functioning as "incubator organizations" for
technolégical change [30]. These technological bpportunities are then
-exploited and commercialized by small entrepreneurial companies. Such_
interplgy is facilitated by direct circulation of personnel and attendant
transfers of technological and managerial capabilities as well as chrough
~indirect channels such as informal exchanges of informatiop, research
literature and prdfessional-relations_among manufacturers; suppliers and
vendors [31]. Largé organizations and small firms thus act in a dynamic and

- complementary way as pait of the innovation process [32].

“Figure~2-i}lustrates-the-role~of-venture~capital~in-the-institutional

context for innovation. Venture capitalists are situated at the center of
‘extended networks and actively forge connections which reach into large

corporatioﬁs, universities,'finanéiél iﬁétifutions, and & variety of other

12
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organizations which play important roles in the innovation process. From this
central vantage point, venture capitalists are uniquely equipped to match
pcrsonnel and resources drawn from various organizations in the formation of
new eﬁterprises.

VcﬁturE'capital's position within the innovation process can be best
thought of in terms of four overlapping-netwofks [33]. The first of these is

~used to mobilize capital. It consists of investors in the venture capital

fund (i e. instituticnal investors and wealthy individuals) and other venture

capital firms that take part in investmcnt syndicctes. .A second network is
dsed to locate and review potential investments and revolves around pfeviously
successful entrepreneurs, other venture capitalists, lawyers, and accountants
‘as well as contacts in large corporations and universities. Thc role of

. former entrepreneurs in this network is cpecially important sincettﬁey have
supplementary'contacts which typically extend to the most promising potehtial
startups A third network cultivated by venture capitalists includes
professional service firms such as 1aw and accounting firms ac.ﬁcil as market
‘research and consulting firms which serve as sources for Industry relevant

_ infofmation. A final network is comprised of scurces of labor and other

~ important inputs into the production process. It consists of contacts which

are used to recruit management and other personnel for startups as well as

"-scurceswfor&inputswint0wthcwproductionwprocessmcndwpossibls@oqtlatstfchdewwmwgm

- finished goods.
The rise of venture capital -financed innovation overcomes many of the

obstacles asssociated with innovation under Models 1 and 2. Under Model 1,

13




innovation occurs in a relatively ad hoc and unorganized way. The
individual entrepreneur is fqrced to organize the process of entreprise
formation -- locate financing;'purchase supplies, obtain facilities, etc. --
virtuaily singlehan@edly; As we have seen, venture capitalists bring
'resourcés and contacts to.this procesé which help réduce the information and
oppp;tunity costs aséociated with new business formation. And, by reducing

the uncertainty involved in enterprise creation as well as providing the

-w;ﬁgededmﬁinancial$nesoutces$ﬂtheygcneateuamﬂspptmmarketimnfMSQrts&fnzmbusihasa%&y
: formétion and development. | | | |
Under Model 2, innovatidn is often impaired by organizational rigidity of

large corporations -- what Kanter refers to as "segmentalism" [34]. Venture
capital-financed innovation replaces the functional specialization and
compartmentalized information flow ch#ragteristic of large corporations with a

relatively fluild and flexible organizational environment characterizéd by _
_frequent adjustment, decentrélizqd_deciSion,making and intense flows of
information. This occurs both within and to a lesser extent between venture
'capital backed coﬁpanies --'créating significaﬁt incentives for inno§ation.
In fact, the emergence of venture capital-finénced innovation represents a
partial response to the breakdown of Model 2 in large US corporations. This -

breakdown is evident in the inability of large corporations to provide either

res.necessary.to stimulate

inmovation, and is perhaps most visibly reflected in.the rise of self-
: contained *innovation complexes" such as California's Silicon Valley and

 Boston-Route 128 far afield from traditional centers of heavy industry.
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In organizing many of the elements necessary for innovation to take

- place, venture capitalists function to a large extent as "techmnological

H gatekeepers" -- setting the direction of technological change [35]. The idea
of “naiuralf or "technological" trajectéries suggests that the given path of
'technoiégical develbpment both both channels and constrains future
technological progresé [36]. The organizational and institutional context of

society acts as an additional constraint on technological change [37]. Since

»mginnoya;ion;andﬂxgghnglggigalighﬁnggmggkgmplgggmlggge1vﬂwithinxthese;:elatiyﬁlyw”memwwm

fixed constraints, only critical technological or organizational breakthroughs
can disrupt existing sociotechnical pathways and open up new technological
frontiers. Ayres makes this point quite succinctly:
Major new technological‘opportunities seem to occur, in genefal, vhen
a critical barrier or constraint is breached. ... Specifically,
opportunities are greatest just after a "breakthrough" and smallest as
a new barrier is approached. ... The territory beyond such a barrier
is lttle known, at first, because either the means or the motives for
exploring it were lacking.  But once the barrier is surmounted all is
changed, a "new" territory is suddenly open for exploration and
dominion [38]. -
Venture capitalists are a crucial part of the context within which such
breakthroughs occur. Due to the intensive flows of information at their
disposal, venture capitalists are well positioned to spot the‘oppor;unities

that arise as critical barriers are breached. It is at these junctures that

they perform a "gatekeeping” function, intervening to help create mew = =

companies and actualize important breakthroughs, while captﬁring”the *eébnbmiér
‘rents" that come form being first across. such boundaries. Although only a
- small subset of all venture investments ultimately pay off, the most important

‘choices or "technological bets” made by venture capitalists in fields such as
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semiconductors, personal computefs and Biotechnology have disrupted existing
sociotechnical trajectories and opened up whole new frontiers for
technological progress, setting the stage for.clusters of imitative activity
and sﬁérms of improvement innovations [39],

Ianhort, ventufe capital-financed innovation is more than ju#t a mid-
point between Models 'l and 2. It organizes the dynamic complementarities

i : vhich exist among a variety of organizations, and as such represents a new,

. financed innovation plays an important technological gatekeeping function --
moving the US across mew technologiéal frontiers and setting in motion the
"gales of creative destruction" which establish the context .for economic

restructuring.

EXAMPLES OF VENTURE GAPITAL-FINANCED INNOVATION

| The operation of this new, integrative model is perhaps best
illustrated througﬁ.some case examples. The linkage.between large
coxporations and_Qenture backed.companieé is clearly evidencéd in the.
‘evolution of the semiconductor industry. The basic technology used in
semiconductors was éeveloped at Beli.Laboratories during the 1950s by William

Shockley, Gordon Teal and their collaborators. 1In 1951, Teal left Bell Labs

to join Texas Tnstruients, “and 1n 1954, Shockley Teft to launch his own firu

‘The establishment of Fairchild Semiconductor in 1957 by Eugene Kleiner, Robert
Noyce and six other of Schockley's former employees catalyzed the nascent

_semiconductor industry.' Fairchild was one of'the'first important venture
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capital backed startups -- its financing was arranged by the proto-venture
capitalist, Arthur Rock, who was then an investment banker with a prominent
New York City firm [40]. |
Féirchild laid crucial groundwbrk for the genesis of the Silicon Valley
innovation complex, becoming ;n important incubator organizatien both for |
entrepreneurial spinoffs and venture capitalists {41]. By 1971, 21 of 23

‘semiconductor manufacturers located in the Silicon Valley area were offshoots

from Fairchild, and by the early 1970s, 41 high tech startups had been =~ '
establishéd by Fairchild alumni [42]. Just as importantly, the fapi& success
of Fairchild.provided thé impetus for establishment of the first formal
venture capital operations in the San Francisco/Silicon Valley area. By the

~ early 1970s, a number of Fairchild alumni had gone on to form prominent

venture capital’partnerships.. K1einer waé a cofounder of one of the

© preeminent ﬁenture capital firms, Kleiner, Perkihs,_Caufield and Byers, while

somewhat later both Noyce and Donald Valentine established important venture -

capital funds.

Venture caéital was of vital importance to the:personal computey
industry. Personal computers were virtuélly ignored by large companies as
late as the mid-1976s, when only # handfu1 of'sma11, entrepreneurial companies

were in this nascent market. At this point, the founders of Apple Computer,

to a small market comprised mostly of acquaintances. In 1977, the venture
‘capitalist, Donald Valentine, provided seed capital for the new company and

used his connections to 1ink the two entrepreneufs to “Mike? Markkula a
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seasoned technology manager who had worked at both Fairchild and Intel [43].
Valentine then convinced the prominent venture firm, Venrock, to invest in
Apple and.more investors were added at later stages. .By linking entrepreneurs
to-finéncihg sources and qualified managers, venture capital played an
importﬁﬁt role‘in‘opgning the new market for personal computers.

| The bioteéhnolog& industry provides an example of the proactiﬁe rele

played by venture capital. Although a series of scientific breakthroughs

”“whiehﬁogeuffed#duringMEhemearly@iQ?Osméreated%thempbss$bi&ieyﬁﬁorme6mmgre$a&m
biotechnology, few acfors realized the economic potential of this new |
 £echnoiogy; In 1976, the venture capitalist, Robert Swanson; left his
_'fosition at Kleiner Perkins to become a co-founder of Genentech with Dr.
Herbe:t Boyer, a prominent molecular biologis; from the Uﬁiversify of
California. Swanson had been inﬁolved with the biotecﬁnology field as manager
of Kleiner's investment in Cetus Cbrporation aﬁd in this capacity had 1earned..
abouf-important scientific breakthroughs in biotechnology. Swanson.and.Boier.
then received an initial $100,000 from Kleiner Perkins to fund what could
still be considered basic research and and launch their new company [44].

.The rapid success of Genentech and other small biotechnology companies
provided the impetus for large chemical and pharamaceutical companies to enter

. the biotechnblogy field. Due to the small companies' lead and because most

.1argewcompanieSMwewemunab%e@towrec@u&ﬁmtopnoEehwscieﬁtiﬁiemua%entwmlange ,
companies were forced to establish "strategic partnerships" with small
startups. Also, large companies utilized venture capital subsidiaries to

locate potential strategic partners. For example, Lubrizol made significant
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venture investments in both Genentech and Agrigenetics, Monsanto utilized. its
joint venture capital concern with Eﬁersoh Electric -- Innoven Corporation -
to invest in Biogen, Inc., while Martin Marietta investéd directly in
Holecuiar Genetics and Chironm.
-fhe rapid commercialization of biotechnology was.due in large measure
to the capacities of.venturé capitalists to recognize and capitalize on the

economic potential of "breakthrough" innovatioms., 1In contrast to the

;msemiconductorggndhpersonalMcompu;erwindustriesMwhgngwyenturemcapitalwwasMTHWM“,,”mewﬂ

éssentially provided to embryonic enterprises'"after-the;faét“,'venture“
bapital played more of a formative role in the biotechnology industry --
selzing the commerci@l opportunities opened up by developments in biological
science. This is in fact illustrafive of a more general trend.in the
evolution of venture cgpita1~finaﬁced inmovation from a reactive_to.proactife

role in the process of technological change.

VENTURE CAPITAL COMPLEXES

Although venture capital-financed'innovaﬁion_can in principal take
place anywhere, it is highly'concentrated in a few, distinct géographic areas.
We identify three distinct'types-of venture caﬁital complexes -- technology-

oriented, financial-oriented, and hybrid -- each of which plays a distinct

_xole in the inmovation process (Exhibit 3) [45].  Technology-oriented venture

R A O e SR R

capital complexes, like Northern California, most closély_mirtor'our:
characterization of venture capital-fihanced'innovation.' Such ccﬁplexes'afe

" located around existing concentrations of high technology businesses, invest
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EXHIBIT 3

Distribution of Resources and Firms
for Venture Capital Complexes

Source: Adapted from Florida and Kenney [45]

Capital Share : Share
Base of No. of of
(Millions) Total Firmg? Total
TECHNOLOGY - ORIENTED ' COMPLEXES
(5ilicon Valley/ ' :
San Francisco) $ 5,296 32.5% 173 27.3%
FINANCIAL-ORIENTED COMPLEXES |
New York 3,262 20.0 95 15.0 -
- Chicago 863 5.3 23 3.6
HYBRID COMPLEXES |
Boston 2,054 12.6 60 9.5
Total 11,475 0 70.4 351 . 55.4
' US TOTAL 516,308 100.0 634 100.0
NOTES: * Includes all SBICs.




most of their capital close to home, and attract venture capital from other

.locations. Financial-oriented complexes, such as New York and Chicago, are

located around concentrations of financial inétitutioﬁs and tend to export

theiruéapital, cften to technology-oriented complexes; Hybrid complexes, like

_Boston;fcombine elements of both financial and technology-orniented venturiﬁg.
More impbrtantiy, venture capital firms which are located around areas

of high technology comprise impoftant compoﬁents of what we term "social

_structures of innovation" -- integrative systems comprised of universities, .. ... . |

technology-oriented enterprise, highly skilled iabor, considerable
public/private R&D expenditures, extensive networks of suppliers,
manufacturers and vendors, support firms such as law firms and consultants

specializing in high technology, strong entrepreneurial networks, and 1nforma1_.

" mechanisms for information exchange and technology transfer. Social

structures of innovation provide an infrastructure for technology-based

‘business formations and represent integrative mechanisms for reproducing

highly skilied labor and continuously mobilizing information.

The Northern California (Silicon Valley/San Francisco) venture capital
complex:is the ideal-typical example of technclogy-oriented venturing. It
controls the largegt amount of venture capital'of any complex, $5;3 billion

and is comprised of_approximately'175 funds. Venture capitalists in northern

““California make most of their investments in the Immediate area. In fact, "

three-quarters ($280 million) of the $400 million invested by Northern

California venture-caﬁitalists in 1982 was placed in California, while just 25

percent was exported, most of it gbiﬁg to New England and Texas;- The Northern - |
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California venture complex was an enormous attractor as well as a generator of
. _venture capital. It claimed a disproportionate share of venture capital
invested bj other regions. Capital inflows of $136 million from New York and
$118 millioh from New England helped push the total invested in California to
$830 million -- more than 45 percent of all venture investﬁents.
Venture capital in Northern California evolved gradually alongside the

high technology enterprises that sprang up thexe. Its impetus came from

institutions. During the eariy.19603, thesé investpr groups began
experimenting with a variety of in#titutional mechanisms for for providing
venture capital including rudimentary limited partnerships, SBICs, and other
mechanisms for mobilizing capital. Gradually, key personnel from these
original ventﬁre cgpital-firms.and also from technology based companies went
on to_launch Qenture capitgl operations of their own.,fﬁécause of the |
'"‘difficulties‘facéd moﬁilizing funds'gnd'the ﬂeed‘to.share'infOIﬁation”and' '
expertise, these early independen; actors quickly evolved into an interactive
ﬁommﬁnity -- shafing information and participating together in rudimentary
syndicates [46].
Ventdre capifal fﬁus became an integral bﬁrt of the "social structure

~ of innovation" which to a large extent defines the Silicon Valley high ' :

technology complex. This opened up a unique windéw of oppertunity for the
emergence of a technology-oriented investment community apart from traditional
'-financial_institutions. Technologically-criented finance then proceeded along

a learning curve characterized by the gradual accumulation of investment and -
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management skills by venture capitalists and entrepreneurs alike. This in
turn facilitated the development of extended ﬁetworks for information sharing,
deal making, and-tesource mobilization. It was only after the.Califernia
iﬁdustty was established that large financial institutions and firms

' headquaftered elsewhere beganAopening up West Coast offices. Once in:place,
this technology focused complex begaﬁ'to attract entrepreneurs and accelerate

the process of new business formation and innovation [(47].

The New York and Chicago complexes offer ideal typical examples of -

_financial-oriented complexes. - In contrast to- California, both are dominated
by venture capital funds tied to major financial corporations or other
.institutional sources of capitall The New York complex controls $3.2 billion
in venture capital - leaving it second to California, and 1is comprised of 95
venture capital funds. Venture capital in New'Ybrk_emerged id the 1930s and
1940s, when funds linked to wealthy New York families sdch as the Rockefellers
'(Venrock), Whitneys (J H. Whitney and Co.) and Phipps {(Besgemer Securities)
:began making venture investments By the mid 1960s 1arge New York City o
conmercial banks and investment houses began to establish venture capltal

. subsidiaries. Many of the venture capital affiliates of large European
-financiergs also opened offices in New York. Recently, venture capital fdnds

headquartered in New York have begun opening rehote branches in high

‘ cechnulogy regions like Silicon Valley and Route 128 -

Today. ‘‘‘‘‘ roughly half ofwMWw

..all venture capital funds in New York are linked to financial institutions

(48]

- The Chicago complex is comprised of 23.funds which control approximately -
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$863 million, roughly half of all venture capital raised in the midwest. It
emerged in 1960 when Allstate Insurance set up one of the first wventure
':cspital.funds related to a large financial 1nstitution.' Allstate made very
;successful investments in a host of high tech companies such as Control Data,
Scientific Data éystems. snd Memorex among others. These successes spurred
Chicago commercial banks like the First National Bank of Chicago and

Continental Illinois to become active in venture finance. By 1969, the former

dlrector of Allstate s venture capital affiliate left to start his own flrm,

‘Heizer Corporation ‘which in turn has been responsible for spinning off a

number of important venture capital companies. Like New York, Chicago exports

most of its venture capital, with the bulk of it going to California [49].
Boston represents a hybrid venture capital'complex. It controls §$2

_511110n or 12 percent of the venture capital pool and is comprised of 60

venture. capital firms. Boston was the home of the first institutional venture

capital fund American Research and Development (ARD) which was established in

1946 ARD was the creation of a group of prominent bankers and industriallsts

who saw such an entity as a way to more effectively finance technology
oriented enterprises. By the early 1960s, large Boston financial institutions
“also became involved in venture capital. First National Bank of Boston:

established a orogram for providing loans to technology oriented businesses

and formed AT SBIC sffiliete\ﬂ Around..the..same.. time,mFederal Street. SBIGMﬁes

Tt

established by a consortium of Boston banks. In additon, a significant number

- of early venture oapltal investments in the Boston area were made by private

‘individuals and wealthy families both from the Boston area and New York City [50]
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ARD's enormously successful investment in Digital Equipment Corporation
(DEC) in the late 1950s provided a vital iﬁpetqufb the inchoate Boston -
venture capitai/high technology complex [51]. DEC played a significant role -
in thé;eﬁolution of the Boston?Rou;e 128 high technology center; it becamé an
incubator for more that 30 spinoffs, most notably Data General. ARD itself
5écame an incuﬁator fér venture capital funds. 1In 1963, Boston Capital Corp.
. was founded by ARD élumnus, Joseph Powell; and by the 1970s, ARD alumni were

. instrumental in launching a host of top level partnerships such as Palmer, -

Greylock, Charles River Partnership and Morgan Holland. 1In 1968, Peter Brooke
left his position as manager of First National Bank of Boston's high

technology loan program and later went on to launch TA Associates which

currently manages more than $1.5 billion in capital, making it the largest
venture capiﬁal fun& in the USs.

- As the techhology base of the Boston region continued to develop, a host
 .°£ pg{tngrships were‘prganized by veteran venture capitalists. Both Burr,
Egan and Deleage and Claflan Qapital ﬁanagement were formed bf.fﬁfmér fA |
Associates employées, while the Vénture'CapltalsFund_of New England was
established by the managers of First National Bank of ﬁoston‘s venture group.
The late 1970s and early 1980s #lso saw the formation of new fuﬁds such as

Eastech and Zerostage and the movement of branch offices of funds

““Headquartered elswhetrs, such as Bessemer Venture-Capital; into-the Boston o

grea.
Our interviews with Boston venture capitalists indicate that the venture

_ capital industry in Boston is not nearly as tightly organized as that of
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California. There appears to be much less informetion transfer or coinvesting
- among Boston venture capitalists, although a number of Bost;n firms possess
rather tight links to New York City venture capitalists. In contrast to -
Califofnia, é-significant nﬁmber of Boston venture firms are involved in
large-séale financial transactions such as leveraged buyouts (LBOs) of
established companies'which clearly fall outsidé'traditional venture capital

activities. Boston venture capitalists also tend to export a greater share of

-~ funds than their California counterparts. They invest roughly one third of - ' .'_

their funds in the New England region with sizeab1g shares.going”tq_"”
California, New England and Texas. Even though Boston venture capitaiists
participate in a significant amount of long distance investing, the Boston
venture;capital complex remains an important component of the Boston-Route 128
iphovation complex and the broader sqcial structure of innovation which
characterizes that area.

Investment syndication or.coinvestment provides an important limk bgtween'
ééﬁéﬁfél;épitai firms,lespéciéllj ;hosé in différe;t.éémﬁléxéé; Syﬁéicéfiénr.
is the Basic-way éhat venture capital gets from-financial complexes like New
York and Chicago to technology centers such as Silicon Véiley or Route 128,
'Coinvesting involves at least one "lead investdr" located within commuting’

distance of thé.portfolio company, who provides technical assistance and

functions-to-safegaurd-the-interests-of - the-other venture-investors..-

Syndication creates a symbiotic relationship between venture capital firms in
financial‘and technology-oriented complexes. For the most part, venture

capital firms located in financial complexes act ‘as "passive investors,"
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depending upon venture capitalists in teghnology-oriented-complexes to assume
the role of leaa investor. While such firms are "free riders" on venture
capitalists in teéhnology regions, they provide significant infusions of -
capitai thus allowing.technology-briented venture capitalists to initiate a
.greateftrange of inveétments and increase the overall scope of fenture o
capital-financed innd§ation {52]. |
This 1s not to imply that venture capital—financgd innovation takes

N_g}ggg_pg}xﬂin teg@nolongqriqu§¢wgomp1exes such as no:thern California or .

:hybrids like Boston. There are indeed numerous instances of venture capital
- financed innﬁvation occuring in "remote" areas. It is just as clear however
that a disproportionate share §f innovative companies financed by venture
capital are located in areas like Silicon Valley or Route 128 which possess
R high concentrations of technology-based entefprise, technology-oriented or -

hybrid venturing and rather well develpped social structures of innovation.

LIMITS .19_ M CAPITAL- FINANCEQI Iﬁnd'vg.r; on

While venture capital-financed.innovation accelerates the t;ajectory of
technical progress, it can result—in substantial misallocations of fesources.
‘A short term focus on capital gains means that portfolio compénies may be

moved into the IPO market without being afforded sufficient time to develop.

_LSﬁm@fﬁﬁhﬁéﬁtﬁtﬁrs*cbntgnd”that“fncreased“avaiiabi&itywofwventure%capita&whasw

given rise to "venture capital myopia" as venture capitalists duplicate one
 another's investments [53]. The recent shakeouts in the personal computer and

computer disk drive industries provide recent as examples of the potentially
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Compounding this is what some observers have termed "vulture capitalism" [54], '

_ pose serious consequences for the future of both corporate and university

devastating consequences of this behaviour.
The existence of highly charged entrepreneurial environments fueled by
venture capital heightens the incentives for job hopping, erodes employee

commitment and seriously disrupts ongoing research or technological projects.

where venture capital firms actively target and entice corporate personnel and

university researchers away from their regular posts. 5Such developments may

based innovation in the US by bidding up salaries end breaking up research

financed innovation. During the consolidation phase of the cycle, uncertainty

”Tuother.investments become”justified.and shekeoutsroccur; At.tbis.noint, most o

venture capital backed firms -- even ones that have grown significantly -- are

teams_.
Moreover,'the remaining phases of the technology cycle are

characterized by a significant reduction in the importance of venture capital-

over technological opportunities and market potentials diminishes and the

emergence of significant scale economies means that large amounts of R&D and

poorly equipped to compete with large, vertically integrated corporations
which possess significant internal resources. Over time then, the innovations

pioneered by venture capital backed firms_tend to be overtaken by large

m.onrnorations -either.. through ..... sucessful.imitation.or. via. outrightwacquisition

And, because of the relatively low startup costs associated with most
- .information intensive technologies and the reletive openness of international

-tetbnology transfer among the advanced industrial countries, this process is
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more or less indiscriminate with regard to national boundaries [55].

- CONCLUSIONS

o Thé'emergence of A forma;ized venture capital industry has transformed the
naturevaf.innovation in thg US [56]. Venture capital-financed immovation
overcomes a variety of barriers which stymie-techhological_progress including:
the risk aversion 6f established finanpial markets, the organizational inertia

_of large corporations, and the multifaceted techmological, organizational and

_'financial requirements of new business developmenﬁ. Generally speakipg,
venture capital financed-inmovation accelerates the processes of technqlqgical_-
Ainnovation and business formation by combining resoﬁrces and personﬁel drawn
from a variety of organizations. In addition, venture capital financed-
innovation oécupies.a particular niche in the techneclogy cycle; It is of
' 5pe§ial importance during the early and chaotic stages of a te;hnological'
thrust when the natﬁre of nascent technology, its applications and market
mpgééﬁ£i;1§ afe iﬁ fi#x'[5j];' e B R
Venture capitalists are agents of innovation, performing a technological
-gatekeeping function for the US economy. As focal points of social structures
of innovation, they organize thé myriad transﬁctions énﬁ reduce the |

uncertainty associated with new business formatioh, and in doing so, catalyze

; -ehewdynamicecomplementaritie5wwhichwexisthetweenwlargewcorporations,

universities, small éompanies and a variety of related organizations. They
are not omniscient with regard to techﬁblogical change but draw their power - -

from the wide ranging contacts and networks at their disposal.
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While venture capital financed-innovation has implications for the
entire US economy, it genmerally takes place in a few specific areas.
. Technology-oriented, financial-oriented and hybrid complexes play distinct
roles in tnis process. _Venture capitalists In technology-oriented or hybrid
'eomplexes locate investments typically in local markets and then draw upon the
resources provided through coinvestments with their counterparts in financial-

oriented'complexes._ This symbiotic relationship increases the overall scope

- and power of venture capital-financed innovation.

However, the emergence of venture capitalsfinanceoVinnoustionrposes
some serious implications'for the competitive position of the US.economy and
'its inmovatory component. These revolve around the.myopic development of
young companies, the disruption of ongoing R&D in large institutions and the
" relatively open international context within which venture capital-financed
innovation takes place. More importantly, the establishment of a set of
' powerful financial incentives for entrepreneurially -based (new company) :
-innovation creates. strong biases in favor of proprietary products or -

technologies and.away from improvement innovations in manufacturing techniques
and processes. In these ways, venture capital-financed innovation functions
to skew the trajectory of sociotechnical innovation

The innovation process in the US is currently distinguished by an

evolving set of eomplementanyrrelationships betwaan 1arge and nmnll

institutions, which are to a significant extent mediated by venture capital.
Whether this set of ad hoc arrangements can be transformed inte a.coherentr

systeﬁ'of institutional relations which emsure that technological
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breakthroughs can be diffused throughout the US economy remains one of the
‘most crucial issues for the competitive situation of the US and its role in

future global economic restructuring.
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e -
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dimensions of high technologﬁ business formation. The literature on bank
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partners from leaving the fund after the lest important inﬁestlenta have
.realized their value. Basically, returns are vested over fhe life of the
partnership so that gains are realized toward the end of the partnership term.
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251 Case [23]).
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Venture capital affili
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traditional'partnerships'then those affiliated with large commercial banks.
Since they have direct access to significant bloeks.of capital, venture cabital
concerns tied to large commercialubenks do.not.faee eonpefitive ﬁressure to

' generate funds from external sources. 1In addition; sponsoring banks often
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the rate of return achieved by preminent venture capital partnerships. This
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elployee_who.is'now a member of the limited partherahip Dougerj, Jones and
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17. See especially, w. Abernathy and J. Utterback Patterns of Industrial
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particulafiy pronisihg.proposal. when necessary, venture capital firms will
utilize outside consult;nts or other venture capitalists to evaluate business
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... .For further discussion, see. C.. FEreeman,..J. Clark and L. Soete,. Unenglog!ent
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32. The ahility of large US firms (i.e., IBM, Radio Shack and ATT) as well as
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