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Assessing the contribution of venture capital
to innovation
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We examine the influence of venture capital on patented inventions in the United States
across twenty indusitries over three decades. We address concerns abowt causality in
several ways, including exploiting a 1979 policy shift that spurred venmtuve capital
Jundraising. We find that increases in veniure capital activity in an industry are as-
sociated with significantly higher patenting rates. While the ratio of venture capital to
R&D averaged less than 3% from 1983-1992, our estimaites suggest that venture cap-
ital may have accounted for 8% of industrial innovations in that period.

1. Introduction

B Governments around the globe have been eager to duplicate the success of the
fast-growing U.S. venture capital industry. These efforts share a common rationale:
that venture capital has spurred innovation in the United States, and can do so elsewhere
{see, for instance, European Commission (19953).

The purported relationship between venture capital and innovation, however, has
not been systematically scrutinized, We address this omission by exploring the expe-
rience of twenty industrics covering the U.S. manufacturing sector over a three-decade
period. We first examine in reduced-form regressions whether, controliing for R&D
spending, venture capital funding has an impact on the number of patented innovations,
We find that venture capital is associated with a substaniial increase in patenting. The
results are robust to a variety of specifications of how venture capital and R&D affect
patenting and to different definitions of venture capital.

We then consider the Hmitations of this approach. We present a stylized model of
the relationship between venture capital, R&D, and innovation. This model suggests
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that simple reduced-form regressions may overstate the effect of venture funding. Both
venture funding and patenting could be positively related to a third unobserved factor,
the arrival of technological opportunities.

We address this concern in two ways. First, we exploit the major recent event in
the venture capital industry. In 1979, the U.S. Department of Labor clarified the Em-
ployee Retirement Income Security Act, a policy shift that freed pensions to invest in
venture capital. This shift led to a sharp increase in the funds comumitted to venture
capital. This type of exogenous change should identify the role of venture capital,
because it is unlikely to be related to the arrival of entreprencurial opportunities. We
exploit this shift in instrumental-variable regressions. Second, we use R&D expendi-
tures to control for the amrival of technological opportunities that are anticipated by
economic actors at the time, but that are unobserved o us as econcmetricians. In the
framework of our model, we show that the causality problem disappears if we estimate
the impact of venture capital on the patent-R&D ratio, rather than on patenting ifself.

Even after addressing these causality concerns, the results suggest that venture
funding does have a strong positive impact on innovation. The estimated parameter
varies according to the techniques we employ, but focusing on a conservative middie
ground, a dollar of venture capital appears toc be about three times more potent in
stimulating patenting than a dollar of traditional corporate R&D. Qur estimates there-
fore suggest that venture capital, even though it averaged less than 3% of corporate
R&D from 1983 to 1992, is responsibie for a much greater share—about 8% —of 1.5,
industrial innovations in this decade.

One natural concern is that changes in the legal environment may be confounding
our results. In earlier work (1998), we have highlighted how the creation of a central-
ized appeliate court for patent cases in 1982 nearly coincided with an increase in the
rate of U.S. patent applications. To address this concern, we employ in all regressions
dummy variables for each year, which shouid control for changes in either the propen-
sity to file for patents or for these applications to be granted. Year effects control for
changes in the overall legal environment uniess the [982 pelicy shift boosted patenting
disproportionately in particular industries, which does not appear 1o have been the case
(Kertum and Lerner, 1998).

The final section of the article addresses concerns about the relationship between
the dependent variable in our analyses {patents) and what we really wish to measure
(innovations). Venture capital may spur patenting while having no impact on innovation
if venture-backed firms simply patent more of their innovations fo impress potential
investors of to avoid expropriation of their ideas by these investors. To investigate this
possibility, we compare indicators of the quality of patents between 122 venture-backed
and 408 non-veniure-backed companies based in Middlesex County, Massachusetts.
Wenture-backed firms’ patents are more frequently cited by other patents and are more
aggressively litigated: venture backing does not appear to lead to lower-quality patents.
Furthermore, the venture-backed firms are more frequent litigators of trade secrets,
which suggests that they are nof simply patenting more in lieu of relying on trade secret
protection.

It is important to acknowledge the limits of our analysis. We have followed a
somewhat crude “production function’ approach to assess the contribution of ven-
ture capital. In so doing, we face many of the fundamental issues raised by Griliches
{1979) in his critique of attempts to assess the contribution of R&D to productivity.
Due to the lack of previous research in this arena, our article should be seen as a
first cut at quantitying venture capital’s impact on innovation. We hope that it will
stimulate additional investigations of the relationship between the institutions
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through which innovative activities are financed and the rate and direction of tech-
nological change.!

The plan of the article is as follows. Section 2 provides an overview of the U.S.
venture capital industry.? Section 3 presents the data and a set of reduced-form
regressions. In Section 4 we build a simple model of venture capital, R&D, 2nd in-
novation, in light of which we refine our estimates of the potency of venture capital.
We address concerns about patenting as a2 measure of innovation in Section 5. The final
section concludes.

2. VYeniture capital and the financing of young firms

B Venture capital—defined as equity or equity-linked investments in young, privately
held companies, where the investor is a financial intermediary who is typically active
as a director, an advisor, or even a manager of the firme—dates back to the formation
of American Research and Development in 1946. A handful of other venture funds
were established in subsequent decades. The flow of money into mew venture funds
between 1946 and 1977 never exceeded a few hundred million dollars annually and
usually was much less.

As Figure 1 demonstrates, funds flowing into the venture capital industry increased
dramatically during the late 19705 and early 1980s. An important factor behind this
increase was the 1979 amendment to the “prudent man” rule governing pension fund
investments, Prior to 1979, the Employse Retirement Income Security Act (ERISA)
Limited pension funds from investing substantial amounts of money into venture capital
or other high-risk asset classes. The Department of Labor’s clarification of the rule
explicitly aliowed pension managers o invest in high-risk assets, including venture
capital.® The fundraising patterns are mirrored in the investments by veniure capitalists
into voung firms, also depicted in Figure . In the second half of the 1990s, there was
another leap in venture capital activity, which emerged as the dominant form of equity
financing in the United States for privately held high-technology businesses.

3. Reduced-form regressions

® We begin our empirical znalysis by investigating whether, conditional on R&D
spending, venture capital funding influences innovation. Afier describing the dataset,
we estimate and report on patent production functions in the next two subsections. In
undertaking this analysis, we will employ many of the conventions of the literature on
“innovation production fanctions” reviewed in Griliches (1990).% In the last subsection,
we estimate a simpler lnear specification that we will return to later in the article.
Throughout Section 3, we treat venture financing as exogenous, deferring the discussion
of its determinants until the next section.

Uin addition to the Luerature on the contrtbution of R&D to productivity (Gr.liches, 1979} and on the
relationship between R&D and patenting (reviewed m Griliches. 1993), our article also relates to the empirical
literature on the relanionship between cash flow and R&IDD expend:tures at the firm level (e g, Bernstei and
Nadirs. 1986, Himmelberg and Petersen, 1994} 3ut as far as we are aware there 15 only one other study
examining the relationship between innovation and che piesence of particular financial institutions Hellmann
and Puri {1998) compare the survey responses of {70 venture-backed and non-venture-backed firms.

2 7his section 18 based in part on Gommpers and Lerner (1998, 1999).

‘In 1978, when $424 mullion was invested in new venture capatal funds, individuals accounted for the
largest share (32%). Penston {unds supplied just i5% Eight years later, when more than $4 billion was
mvested, pension funds accounted for more than half of all contmbutions

+ As in tus Inerature, we nitially 1gnoze the mmpact of such factors as the uncertamnty about technolog-
ical success on the propensity to patent innovations. In Section 5 we show that the resulis are robust to the
use of alternahive measures that at lcast partinlly address these problems
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FIGURE 1

YENTURE CAPITAL FUNDRAISING AND DISBURSEMENTS, 1965-1998
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Mote' Data on veniure capital fundraising are not avaitable prior to 1989, No capiial was
raised by venturs funds in 1875,

O  The dataset. We analyze annual data for twenty manufacturing industries between
1965 and 1992. The dependent variable is U.S. patents issued to U.S. inventors by
industry and date of application. Our main explanatory variables are measures of ven-
ture funding collected by Venture Economics and industrial R&D expenditures col-
lected by the U.S. National Science Foundasion (NSF}.

Before discussing the use of this data, we should acknowledge two challenges that
these measures pose. First, our dependent variable is problematic. Since the U.S. Patent
and Trademark Cffice (USPTO) does not compile patent statistics by indusiry and many
firms have multiple lines of business, patenting in each industry can be only be indi-
rectly inferred. We rely on a concordance that relates a patent’s industry te the primary
technological classification to which it is assigned by the patent examiner’

Second, while we distinguish conceptually between R&D financed by corporations
and R&D financed by venture capital organizations, the data do not allow a clean
division, The industrial R&D data that we use, while based on a survey that overlooks
the activities of many smaller firms, undoubiedly includes some research financed by
venture capital organizations. Similarly, while the bulk of venture financing supports
innovative activities at technology-intensive firms, some is used tor other purposes. For
instance, some of the venture financing goes to low-technology concerns or is devoted
to marketing activities. It should be noted that by leaving some venture funding in our
measure of corporate R&D, it is less likely that we will find an impact of venture
capital on patenting conditional on the R&D measure.

3 This concordance rehies on industry assignments of patents issued by Canada (the majonty of which
are 1ssued to U S mventon) to determine the bikelihood of a particular industry assignment given & patent’s
technological classification (Kortum and Putnamm. 1997). Industry counts for the United States are based on
the International Patent Classification assigned to each patent issued by the USPTO. The paten: counts differ
depending on whether the assigned industry corresponds to the user or the manufacturer of the patented
invention. We focus on the mdustry of use sertes, but our results about the impact of venture capital are
robust to replacing mdustry of use with mdustry of manufacture In either case, the mdustry assignment of
patents may not conespond precisely to the industry doing the R&D or recerving the venture capital funding
that led to the underiying invention
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Yenture fumding and patents are then aggregated imtc essentially the industry
scheme used by the NSF in tabulating its survey of industrial R&D. We consclidate a
few NSF industries that account for little R&D.5 The data are described in detail in the
supplement to this article (available at hitp://www.rje.org/main/sup-mat.htmi).

Table 1 summarizes the main data series. The table highlights the rapid growth of
the venture capital industry. The ratio of venture capital to R&D jumped sharply in
the late 1970s and early 1980s, and fell a bit theresfter. Patenting declined from the
earty 1970s to the mid-1980s, but then rose sharply.” i should be noted that disburse-
ments are concenirated in certain industries. The top three industries—drugs, office and
computing, and comununication eguipment—represent 34% of the venture disburse-
ments. The comparable figure for R&D expenditures is 35%.

2 The patent production function. We estimate a patent production function of the
form P, = (R + bVe)vru, Patenting (P) is a function of privately funded industrial
R&D (R) and venture disbursements (V), while an error term (i) captures shifts in the
propensity to patent or technological opportunities, all indexed by indusiry (¢} and year
(). We focus on the parameter b, which captures the role of venture capital in the
patent production function. For any & > 0, venture funding matters for innovation,
while if » equals zero, the patent production fupction reduces to the standard form,
P, = Rou, The parameter o capiures returns io scale, ie., the percentage change in
patenting brought about by a 1% increase in both R and V. The parameter p measures
the degree of substitutability between R and V as means of fnancing innovative effort.
When p eguals one, the function reduces to P, = (R, + 5V, yu,. As p goes to
zero, the patent production function approaches the Cobb-Douglas functional form,
P” = R;/:Hb)v;h/u»rb)um

0 Estimates. Nonlinear least-squares estimates of the patent production function are
shown in Table 2. The dependent variable is the logarithm of the number of (ultimately
successiul) patent applications filed by U.S. inventors in each industry and year. The
two independent variables of interest are privately financed R&D in that industry and
year and either the dollar volume of venture disbursements or the pumber of firms in
the industry receiving venture backing.? We use as controls the logarithm of the fed-
erally funded R&D in the industry, as well as dummy variables for each industry (to
control for differences in the propensity tc patent} and year.

5We focus on the manufactunng mdustries, since survey evidence (summartzed i Cohen {1995))
suggests that the rebance on patenting as a means of approprniating new technological discovernes s much
higher 1n these mdustries (as opposed to, for mstance, trade seciecy or {irst-mover advantages) Patcnting 1s
thus likely to be u better indicator of the rate of technological imnovation i the manufacturing sector The
tme period 1s determined on one end by the avadabilny of data on venture capital mmvestment and on the
other end by our mability to obscrve the detuled technological classifications of U S patent applicattons
betore they are 1ssued {applications are held confidential unti! ssue).

! A natural concern is the extent of correlation between the venture capital and private R&D measures
While the two vanables are positively correlated, the extent of correlation 1s less than the aggregate numbers
i Table 1 might lead one to believe. in particular, the correlation coetficient between the logarithms of the
dollar volume of venture financings and privaie R&D m each mdustry 13 43 The partial correlation, once
the year and :ndustiy are controlled for, 13 21 The correlation between the number of companies receiving
venture financing and private R&D 1s even lower.

5 The parameter b 1» generally not mmvanant to the units m which venture activity is measure¢ Te
facilitate comparisons across regressions, we scale our measure of the number of companies funded by
venture capitaiists to have the same overall mean as the dollar disbursements measure (in 1992 doilars). For
both measures of venture finance, we add a mnuscule amount (the squivalent of $1,000) tv each observation
50 that we can consider the Cobb-Douglas Iimiting case in which the log of ventme funding 1s what matters
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TABLE 1 Patenting Activity of, R&D Expenditueres by, and Venture Capital DMsbursements for
U.S. Manufacturing Industries, by Year

R&D Venture Capital

Number of Expendi- Dnsbursements Rano of Venture Capital to R&D
Patent tures Number Amount Early-Stage
Year Applications (RS of Firms (M) Al VT Only
1965 50,278 23313 8 13 5% 2%
1966 48.740 27.573 3 2 0% Q0%
1967 48,904 29,515 9 24 08% 7%
1968 49.980 31,387 25 37 12% 08%
1969 51,614 33,244 66 149 45% 38%
1970 53,950 32,883 63 126 38% 24%
1971 54,776 32,360 57 224 69% A1%
1972 49.777 33,393 52 209 62% A4,
1973 45,807 36,169 74 235 85% 30%
1974 44,465 37,323 42 81 22% 13%
1975 44,082 35,935 4} 118 33% 24%
1976 44,026 38,056 47 83 22% 10%
1977 41.550 39,605 57 {38 35% 21%
1978 42,648 42,373 116 255 60% 37%
1979 44,941 43,218 152 301 H56% 28%
1980 41,726 48,700 231 535 1 30% 80%
1981 39,137 52,012 408 1,146 220% 1.39%
1932 38.039 55,033 466 1,388 252% 1.29%
1983 34,712 58,066 656 2,391 4 12% 1 $7%
1984 33,905 63,441 709 2,347 370% 1.95%
1985 36.732 66,860 646 1,551 292% 1.42%
1986 41,644 68,476 639 2,211 323% 1.62%
1987 46,434 67,700 713 2,181 324% 1.57%
1988 51,355 69,008 660 2,976 301% 1.54%
1989 55.103 70,456 669 1,995 2 83% 1.56%
1990 58.358 69,714 557 1,875 2 40% 1.11%
1991 58.924 69,516 422 1,026 1 48% 1%
1992 60,771 70,825 459 1,571 2.22% 1.05%

Notes Patent applications refer to the number of ultimately successful patent applicatnons tiled i each year
Ali dollar figures are mn mullions of 1992 dollars. The ratios of venture capital disbursements to R&D expen-
ditures are computed using 2l venture caputal disbursements and early-stage venture disbursements only

The results suggest that venture funding matters. The magnimide of & estimated in the
unconstrained equation is substantial, in fact implausibly large, am issue we will return to
below. Although the estimates are imprecise, a likelthood ratio test overwhelmingly rejects
the special case of b equal to zero {with a p-value of less than 0G5},
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TABLE 2 Monlinear Least-squares Regression Anzlysis of the Patent Production Funetion
Using Firmas Receving Using Venture
Venture Backing Disbursements
Constrained Constrained

Unconstrained (p=1) Unconstrained ip=1

Returns 1o scale parameter {a) 22 .23 .20 20
(.02) (.02) (.G2) (02)
Venture capital parameter (&)
Firms recewving funding 58.51 3957
(67.31) (16.97)
Wenture disbursements 5871 46 94
(77 52) (13 66)
Substitution parameter (p) 108 100 104 100
(.24) — (.26) —
Federaily funded industnal R&D 01 01 01 o1
(01 (01 (.G1) {01
r? 99 99 29 99
R? relative to dummy variable only case 26 26 27 27
MNumber of observations 560 560 565 560
Likelthood ratio statistic 2 0
p-values, lkelihood ratio test 63 99

Notes: Standard ervors are 1o parentheses. The dependent vanable s the logarithm of the number of patents
Year and industry Jdummy variables are included in each regression.

We also find that R&D and venture capital are highly substitutable, with the point
estimnate of p close to one. A likelihood ratio test does not come close to rejecting the
restriction that p = 1. On the other hand, p = 0 (the Cobb-Douglas special case) is
strongly rejected {(with a p-value of less than .005). As a consequence, in the remainder
of the article we focus on the restricted equation, In £, = a In(R, + V,) + In s, in
which R&D and venture funding are perfect substitutes. In the restricted equation, 5
has the interpretation of the potency of a dollar of venture funding reiative to a doilar
of R&D (this interpretation of 5 hoids for either measure of venture funding, as dis-
cussed in fooinote 8).

The results for the restricted equation are shown in the second and fourth columns
of Table 2. Together, variation in R&D and venture funding explain over one-fourth of
the variation in the logarithm of patenting not captured by industry or time effects.’
The returns-io-scale parameter o is about ope-fourth, small but not implausible. What
does strain credibility, however, are the point estimates of b in the two regressions,
implying as they do that venture funds are about 40 times as potent as R&D. Below
we explore a number of reasons why these estimates might be biased upward.

1 A Hpear specification. Before turning to the more difficolt issues arising from the
endogeneity of venture funding (which we address in Section 4}, we first consider

¢ In all of the regression tables we present two measures of the goodness of fit: the overall 82 and the
R? when compared against a regression with just vear and industry cumimies The latter is computed as
(BSRymmy oy — SSRicw regressio S SRy mumy onivs Where SSR refers to the sum of squared residuals of the various
regressions
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estimating & through a linear approximation of the patent production function (again
with p = 1). Such an approximation is valid when venture funding is small relative to
R&D. The linear specification has the advantage of simplicity. It is also inherently
conservative in its empirical implicationy for the potency of venture capital. It interprety
the observed average impact of V/R on palenting as the maximum marginal impact
(i.e., the marginal impact as V/R approaches zero). Since our task is fo evaluate the
nuil hypothesis that venfure capital is impotent, we find this inherent conservatism
reassuring.

Afier Hinearizing the eguation, we get ln P, = e in R, + ab{(V,/R,} + in u,. This
approximation is analogous (o that employed by Griliches (1986) in his analysis of the
impact of basic research, which like venture capital represented a small fraction of wtal
R&D expenditures, on productivity growth. Note that in this equation, the potency of
venture funding is calculated by dividing the coefficient on V/R by the coefficient on
In R Table 3 presents regressions employing the linear specificution. The basic equa-
tions are in the first two columns. Consider the second regression, which estimates the
coefficient on venture capital as 1.73. Because this is an estitmate for the product of ¢
and b, we must divide by our esfimate of o, .24, 1o obtain the implied potency of
venture funding, & = 7.26. The implied estimates of potency and the associated standard
errors {caiculated using the delta method} are shown in the last two rows. In both
regressions, the estimate of polency is significantly positive.” The estimates sugges?
that 2 dollar of venture capital is over seven times more powerful in stimulating pat-
enting than a dollar of corporate R&D. Although these estimates are large, note that
they are substantially more modest than the estimates of & from the nonlinear regres-
sions.

These linear results appear to be guite robust. We have explored changing the
specification," the measures of venture capital,!’ and the sample,!’ adding additional
controls,!® and using lags of the explanatory variables.'”

19 Qur ersor term consists of shocks 10 the proponsity to patent and technological opportumties, which
are likely to be persistent over time To avoid mnflating the statistical signiticance of the results. we caleulaie
the standard errors using the auocorrelation-consistent covanance esunuior of MNewey anc West (1987), with
3 maximum lag of three years.

A the errors in the patent production function follow o random walk, then the equauon should be
cstimated in differences rather than in levels The difference regressions aie shown in the last two columns
of Table 3. To reduce the crrors-in vanables problem, which tendsy o be magnified i 3 frst-chfference
approach (Gnbches and Hausman, 1936), we compule averages of the loganthm of each vanable over a
four-year period. We then compute the change m the wmdustry medsures at cight-yem mtervals. Since we
difference out the mdustry etfects. we drop mdustty dumnies from these regressions bul mamtamn a set of
perwod dummies (ot shown} The results of the long-difference regiessions are very simtlar to those of the
levels regressions except that the precision of the estimuates dechnes

2 It might be thought that the financing of startups and very young companies would pose the greatest
information problems. and that the contribations of the venture capitalists would be most vaiuable here. In
regressions reported i the sopplement. we replace the venture fundimg measures with the count and dellar
volume of only seed and carly-stage financings The estimated potency of a dollay of ventire funding -
creases by 45% to 30%.

- Qur analysis may be distorted by the mclusion of numerous indusiries wath very hitle mnovative
activity In the supplement. we report regressions m which we drop indusiries whose R&D-to-~ales ratio was
below the median m 1964, the year before the beginning of the analysis. Onee agan, there is an increase
the estimated potency of venture funding relative o our baschine regrassions.

Y In unreported regressions, we also contiol for the loganthms of gross industry product or of mdustiy
employment. The effect of adding these controls is to reduce the coefficient on the loganthm of R&D, «
(although 1t remams significantly positve) Both the magnitude and sigmticance of the coefficient on ViR
are essentially unchanged by the addiion of esther « onwol

" Another rohustness check concerns possible lags between R&D spending. venture financing. and
patenting The empirical Literature suggests that R&D spending and patent filings sre roughly contempora-
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TABLE 3 Ordinary Least-squares Regression Analysis of the Linear Patent Production
Function
Levels with Year and Long Differcnces with
Industry Effects Perniod Effects
Privately funded industrial R&D () 25 .24 24 22
(.66) (.06) (on (07)
Venture caputal/pnivately funded R&D (ab):
Firms receiving funding 213 2.42
{ 63) {121)
Venture disbursements 1.73 229
(.69} {1.04)
Federally funded mndustnal R&D 01 01 03 .02
{81) (01 € 02) .02y
R? 99 .99 &1 82
R? relative to dummy vanable only case .21 20 .24 25
Number of observations 560 560 60 60
Imphed potency of venture fundimng (b) 8 45 726 298 10.3%
{2 62) {316) {582) (6213

Notes: Standsrd errors sre in parentheses. For the levels specifications they are based on the Newey-West
autocorrelation-consistent covarlance estimator (with & maxinum of three lags) The standard errors for the
parameter b are calculated using the delta method

4. Addressing the causality problem

B ‘The empirical results in Section 3 suggest that there is a strong association between
venture capital and patenting and that corporate R&D and venture funding are highly
substitutable in generating innovations. The mechanisms behind this relationship and
the extent to which our estimates of the impact of venture funding may be inflated by
unobserved factors, however, are not addressed by our reduced-form regressions.

To explore these issues, we build a theoretical model of venture capital, corporate
research, and innovation. We then use the model o illusirate under what conditions
the approach of Section 3 is appropriate and when it may be problematic. The final
two subsections present refinements of our empirical approach, motivated by the model.
We do not seek to determine which single empirical specification is the best represen-
tation of the impact of venture capital on innovation. Rather, we seek to demonstrate
the robustness of the results in Section 3 by showing that they hold up across a variety
of specifications.

0 Modelling the relationship. We consider an industry in which inventions can be
pursued through either corporate R&D funding or veniure capital, We make four major

neous (Hall, Griliches, and Hausman, 1986) Furthermore, there 1s an instituuonal reason why there should
not be long lags between venture capstal and patenting: the ten-year life spans of venture partnerships lead
1o pressure on companies to commercialize products quckly after obtaiming venture financing. Nevertheless.
to explore this 1ssue empirically, i unreporied regressions we 1cpeat the analyses in Table 3, including one-
year and two-year lagged values of the R&D and venture caprtal variables along with the contemporaneous
variables We find that the contemporaneous variables have the bulk of the explanatory power {(and their
coefficicnts are sigmficantly positive), while the lagged vanables have coefficients that are smatler (and
msigntficantly different fiom zero)
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assumptions. First, we assume that the production function for innovations / in each
industry { and time period ¢ is essentially the one we settled upon empiricaily:

11[ = (R!l w bVﬂ)WNﬂ = H;Nri’) {1)

where O < a < | and, for expositional save. total innovative effort is denoted by H.,.
The final term N, represents a shock to the invention production function, which we
interpret as the exogenous arrival of innovative opportunities.

Second, we assume that innovations, on average, transiate into patents in a pro-
portional manner. Thus P, = [ e, where £, is the number of patented innovations
generated in a particular industry and year and e is an independent shock determining
the propensity to patent innovations. Combining this equation with (1), we obtain

Pn = Hi':‘an:r' 23

The unobserved factor driving patenting is thus Ne, the product of technological op-
portunities and the propensity to patent.

Third, we assume that the expected value of 2 new innovation for a given time
period and industry is [, We take a simple partial equilibrium approach and do not
model the determinants of i, although we have in mind that it evolves with the size
of the market, as in Schmookler (1966). We assume that individual firms are small
relative to the industry, and therefore we take Il as given. The expected value of a new
invention incorporates the fact that some, but not all, innovations will be worth pat-
enting.

Finally, we make assumptions about the marginal costs of innovating that deserve
discussion ai greater length. In addition to the direct expenditures on R&D and venture
disbursements, we assume that there are associated indirect expenses. These might
inciude the cost of screening opportunities, recruiting managers and researchers, and
undertaking the crucial regulatory approvals to sell the new product. We argue that at
each point of time, there is likely to be a spectrum of projects: some will be very
appropriate for a corporate research laboratory, while others will be more suited for
funding by a venture capitalist in an entrepreneurial setting. Raising venture activity
as 2 fraction of total innovative effort pushes venture capitalists into areas farther from
their comparative advantage, raising their costs, while corporate researchers are able to
specialize in areas they have the greatest advantage in exploiting.

More specifically, we assume that given total research effort H, and venture fi-
nancing V, the venture capitalist’s cost of managing the last venture-backed project is
v, f (V. (A2, H ), while the corporation’s cost of managing the last corporate-backed pro-
ject is fR(V. /A, H ). We assume that the venture capitalist’s functior f, is strictly in-
creasing while the corporation’s f, is strictly decreasing in V/AH. The term A, governs
the extent to which opportunities are conductive to venture finance. We interpret a rise
in A to mean that technological opportunities have become more radical in nature, a
shift that should lower the management costs of pursuing such projects in an entrepre-
neurial rather than a corporate setting. The v, term represents the venture capitalist’s
cost of funds, which we enter explicitly to enable us to consider the impact of the 1979
clarification of the prudent man rule (a fall in v).

From this set of assumptions, we derive several equilibrium conditions. The equi-
iibrium level of venture capital and corporate R&E» will equate the marginal cost of
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additional spending to the marginal benefit. Assuming that we are not at a corner
solution where V or R is equal to zero,'® the conditions are

o, _ !/ v, \
= = ol N bHz = y fl —— 3
h(}‘}” 24 i3 3 2 V‘f* ‘\A”H”/‘B Q\ )
57 [V, )
—= = I N H = f, g 4
lt(}R” Qi ¥ 17 jR()“”}f“} ( )
Through a series of mathematical manipulations,”” we obtain the expressions
r 11 N 11
o
H, = ‘&% (53
i, gl(‘}r)
v, i )
LA S - L2 - ®)
R, - b}‘ztg?,(vr)j

where g, is an increasing function and g, & decreasing one. According to (8), total
innovative effort is decreasing in the cost of venture funds, v, but stimulated by positive
shocks to either the valwe of inventions or the amival of technological opportunities.
Venture funding relative to corporate R&D, (6), is increasing in the degree tc which
the opportunities are radical in nature, A, and decreasing in the cost of venture funds.

A positive shock to A favors venture capital relative to corporate R&D, while a
jump in N not only stimulates both forms of finance but also leads 0 a jump in
patenting conditional on the amount of innovative effoert. Complicating matiers, we
suspect that the two shocks, A and N, will be positively correlated. A burst of innovative
opportunities will often be asscciated with 2 radical shift in the technology, a shift that
small venture-financed entreprencurs rather than large corporations will be better able
to exploit. It is this potential correlation between a shock to the patent eguation and a
shock that favors venture finance that leads us to be skeptical of our reduced-form
regression results.

0O Emplications for the estimation. This set of equations allows us to illustrate the
issues that we face in estimating the linear form of the patent production function,

nP,=alm R, + ab(V,/R)*+InN,+1Ineg, (73
with industry dummies, year dummies, and federally funded R&D included as controls.

If technological opportunities, N, are totally captured by our controls, our estimates in
Tables 2 and 3 should be valid. Variation in 11, according to (3), will lead to variation

-5 An attractive feature of the model is that 1t can also address the empinically relevant case of V = 0.
in that case, afl .V, bR * = v f D), where B, = {all.N [ f (3]} 6T-
17 Specific steps were to (1) define 2 = ofl.N, He !, () combine (3) and (4) to get

bl = (M flf"x) = A,
where a(x) 1s & stnictly decreasing function. i) solve for x = & Yb/v) = g.iv), (1v) plug mto (4) to get

VIH = Afpg (g,(v) = Agy(¥). (v) use x = g (v} to sulve for H, and (vi), recalling that # = R + bV, solve
for V/R.
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in H and hence R, which identifies «. Variation in the cost of funds to venture capi-
talists, v, interacted with differences across industries in A. will cause variation in
VIR, which identifies b.

The more likely scenario, however, is one in which variation in technological
opportunities is only partiaily explained by the controls. In thar case, variations in H,
and hence B, will be correlated with the disturbance. Similarly, variations in V/R will
also be correlated with the disturbance (if A and N ave in fact correlated). Simply
regressing patents on R&D and venture funding could yield biased estimates of both
a and b and will probably overstate the potency of venture capital.

We consider two approaches (o get arcund potential biases in our estimates of the
potency of venture funding. First, we attempt to find good instruments. Qur instrument
for venture funding relative to corporate R&D relies on the 1.8, Department of Labor’s
1979 clarification of the “‘prudent man’ rule (discussed in Section 2). We argue that
this clarification lowered the cost of funds to venture capitalists, much like a drop in
v, in our model. We propose an instrument based on the interaction of this 1979 change
with the historical differences across industries in venture funding relative 1o corporate
R&D. 18

Our second approach is to use R&D to control for the unobservable term N, which
is the source of our identification problems when estimating the patent production
function. The basic idea is similar to Olley and Pakes (1996) and more recently to
Levinsohn and Petrin (2000), who respectively use capital investment and purchased
materials to control for unobservables in a standard production function. Combining
(2} and {S5), while noting that R, = H, /(I + bV /R,), we can solve for the patent-R&D
ratio,

I, | \
By _joll, (1 ¢ plel, (8)
th 4 I(Vr) R:r}

The striking feature of (8) is that normalizing patenis by R&D eliminates technological
opportunities N from the right side of the eguation. We no longer identify o (which
was 1ot essential in any case}, but we can now estimate the potency of venture funding
b without worrying (subject to some caveats in how we treat [[) about correlation
between V/E and the disturbance in the equation.

0 Instrumental-variables estimation. We now turn 1o a more compiete discussion
of our instrument choice and to the results we obtain using instrumental-variables IV)
technigues to estimate (7). We start with our instrumnent for V/R. It is based on the
Department of Labor’s clarification of a rule that, prior to 1979, limited the ability of
pension funds to invest in venture capital. One might first think of capturing this shift
empirically through 2 dumnyy variable taking on the value of zero through 1979 and
one thereafter. The problem with this simpie approach is that patenting rates across ail
industries may change over time for a variety of reasons, including swings in the
judicial entorcement of patentholder rights and antitrust policy. We are unlikely to be
able to disentangie the shift in venture fundraising from that in the propensity o patent.
As Table I makes clear, the filing of successful patent applications actually fell in the

¥ This approach alse fuces another challenge, whnch we explore i depth below. Even if our mstrument
for V/R 1s convincing, we are still faced with the endogeneity of total innovative effort. To address this 1ssue,
we consider demand-side smstruments that are correlated with the value of inventions, [Lr, but potentially
unrelated to technological opportunsties
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years after 1979. But this was also a period during which the ability of firms to enforce
intellectual property rights was under attack (Kortum and Lemer, 1998).

The 1979 policy shift, however, should have had a predictably greater impact on
patenting in some industries than others. Industries with a high level of venture capital
before the policy change should have experienced a greater increase in funding and,
thus, a greater burst in patenting. Thus, in certain circumstances, we can use the level
of venture financing before the shift, interacted with a dummy variable taking on the
value zero through 1979 and one thereafter, as an instrumental variable.?®

We can motivate the proposed instrument more formally by retwrsing to the model.
From (6) we see that the impact on V, /R, of a change in v, (we argue above that v declined
dramatically in the late 1970s) is increasing in V,/R, itself. In particular, the derivative of
V/R with respect to 2 change in v in 1979 is D = {(—gl/e X VRl + bV /R0
Historically, differences between industries in venture funding relative to R&D have
been highly persistent over time. Hence the industrv-specific average of V/R from 1965
through 1978, denoted A,, should be highly correlated with D,. To exploit this resulg,
we propose an instrument that takes on the value of zero up through 1979 (before the
effect of the policy shift is seen) but in each year after 1979, and for each industry i,
takes on the value A4,.%°

The validity of the instrument, however, requires that A, not deviate for 100 long
from its industry-specific mean. To ensure this property, we assume that In A, can be
decomposed into the sum of 2 permanent industry component A, (which accounts for
the persistent differences between industries in V/R) and a transitory component o, If
the transitory component is independent across time, then from 1980 on it will not be
correlated with A . Under this assumption, our instrument will not be correlated with
technological opportunities {(In N,) as they vary from their industry-specific means
(industry and year dummies will always be included in the regressions). More generally,
if @, is a moving average process of order m, then the instrument is still valid as long
as it is amended by calculating A, as the industry-specific average of V/R from 1965
only up to m years prior to 1980. We consider this extension in two of the regressions
below, for the case of m = S.

As noted above, we must also conrend with the endogeneity of R&D expenditures.
There is no point in mstrumenting for V/R while ignoring the potential correlation
between R&D expenditures and the disturbance in the patent equation. The endogeneity
problem, however, would be irrelevant if we already knew the value of the parameter
2. Thus, before undertaking the daunting task of searching for a valid instrument for
R&D, we simply fix the parameter o at some preassigned values and instrument for
VIR.

The results are shown in Panel A of Table 4. Here we have instrumented for VIR in
the linear specification of the patent production function, while fixing o = 2 or o = .5

¥ The empirical relevance of this mstrument 1s based on the observation that the mmcrease m the ratio
of venture capital activity to R&D followimng the 1979 shuft was pomtively correlated with the level of VIR
prior to the shift A rcgression of y, (the wmdustry-spectfic change n the average ratio of venture capital
disbursements to R&D spending between the 1985-1990 period and ihe 1965-1975 period) on &, (the average
ratio 1 the 1965-1975 period) yields an K? of 42 ‘The cbserved relanionship 1s hikely to denve trom the
melastic supply of venture capitabists and the industry specuabzation of mdividual venture caprtabists

2 Note that our instrument for V/R 1s based on an average ot the level of venture capital financing. A,
over a number of vears Venture capital disbursements in each wndustry are “‘lumpy™ a single large later-
round financing may account for a substantial fraction of the total financing 10 a given indusiry and year
By better capturing the mean level of financing activity in a given industry. the mstrument may aileviate
errars-in-varnables problems, and may even lead to an increase m the coefficient on venture caprtal
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TABLE 4 Instrumental- Variable (V) Regression Analysis of the Linear Patent Production
Kunction

Panel A: IV Regressions, Constraining o

IV: 1965~1978 Penod IV 1965-1978 Period
@ = 20 n = 50
Privately tunded industrial R&D {«) 20 .20 53 50
Venture capitzl/privately funded R&D (ab)
Firms recerving funding 3.06 2.51
921 (1.06;
Venture disbursements 338 1.72
(1.13) (1.10)
Federally funded industrial R&D .0t 01 .02 02
(00 wOh) {01} (oD
R .99 G& S8 98
R? relative to duminy varizble only case .19 i4 .07 g7
Number of observations 560 560 560 560
Emplied potency of venture tunding (b) 15.28 16.89 5.02 3.45
4 59) (5 63) 212y (221

Panel B: IV Regressions, Enstrumenting for R&D
1V 1965-1978 Perniod and IV 1965--1975 Period and

Industry GDP Industry GDP
Privately funded industrial R&D (@) 52 48 52 54
{ 1) 12) 10y t.13)
Venture capital/privately funded R&D (ab)
Firms receiving funding 248 212
(1.13) {114
Venture disbursements 131 13
(1 40 (1.70)
Federally funded mdustrial R&D 02 g2 423 02
{01 {00 {01} (02}
R? 98 98 98 9%
R? relative to dummy variable only case 07 o7 5 —.04
Number of observations 560 560 560 560
implied potency of venture funding (5) 481 374 408 .25
{267} (3 56} (2 58 320

Notes. Standard errors (in parentheses) are based on the Newey-West autccorrelation-consistent covariance
estimator (with a maximum of three lags) The standard errors for the parameter b are calcuiated using the
delta method. Year and industry dummy variables are mncluded 1n each regression

(which straddle cur estimates from Tables 2 and 3).*! We still obtain large and siafis-
tically significant estimates of the potency of venture funding. The magnitude of the

2L All of the instrumental-vanable (IV) regressions that we report are based on the linea specification
used in Table 3 We also experimented with nonlinear IV estimation bascd on the specification in the second
and fourth regressions in Table 2 A feature of nonlinear IV 1s ambiguity about which functions of the
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estimated parameter, however, is sensitive to the assumed value of a. We find that
venture capital is about fifteen timmes as potent as corperate R&D if o = .2, but only
three to five times as potent as R&D if &« = 5. In bght of our uncertainty about the
actual value of «, and given its substantial impact on the results, we attemnpt to instru-
ment for R&D as well as venture capital.

Thke perfect instrtument for R&D would be a measure of shifts in industry demand
that affect the value of an invention I}, but are unrelated to technological opportunities.
Since this ideal instrument is not available, we seitle on an instrument that we can
measure—the value of the gross industry product ¥,—which under certain assumptions
is the same as the ideal instrument. The value of industry product is almost certainly
relevant, since the amount of R&D in an industry will be stimulated by an increase in
the size of the market. Its validity as an instrument is less of a sure thing. In particular,
the instrument will be valid only if technological opportunities (and the innovations
stimufated by those opportunities) do not affect the size of the market.?

The regressions reported in Panel B of Table 4 use instruments both for venture
fanding relative to R&D and for R&D itself. The last two regressions in the panel also
apply a modification of the wstrument for V/E, as suggested above, to allow for the
transitory component in entrepreneurial opportunities e, to be correlated for up to five
years. Using the value of indusiry product as an insuument for R&D approximately
doubles the estimate of a. The effect is to lower our estimates of the potency of venture
funding, much like in the last two regressions in Panel A (in which o is constrained
to be .5). The large increase in « when we instrument for R&D can be understood in
two ways. One possibility is that our earlier estimates of « are biased downwerd (due
to errors in our measure of R&D, similar to the problem discussed in footnote 2C). A
second possibility is that gross industry product is not a valid instrument, because it is
positively correlated with technological opportunities. Since we cannot resolve these
issues within the context of our IV approach, we pursue instead a very different tech-
nique for dealing with the endogeneity of venture funding.?

C  Controlling for technological opportunities. Our second approach for dealing
with the endogeneity problem is to use R&D to control for unobserved technological
opporiunities. The basic idea follows from (8): conditional on the ratio of venture
capital to R&D and the expected value of an innovation, the patent-R&D ratio does
not depend on technological opportunities. Taking logarithms of (8) and linearizing
around VIR = 0O, we have

mP,~laR, =bVJ/R)—Inil, +Ine, )]

{The term In{g (v, /e is subsumed in yvear effects. Industry effects are also included.)
One approach o estimating this equation is to subsume any variation in the expected

underlymg mstruments should be meluded 1 the mstument set. In some cases we obtained estimates of the
potency of venture capital simular to the cstumnates reported m Table 4, but these est:mates were not robust
to dropping o1 adding powers of the underlying instruments. Since a comparison of Table 2 and Table 3
suggests that the lmear specitication 18 more conservative m s mmphications about the potency of venture
funding, we decided to focus on that specification

2 Such a feedback will not exist if the price clastzcity of mdustry demand 1s equal to one In this case.
a fall i quality-adjusted prices associated with a process ot product mnovation will be just offset by the
intiesse m demand, leaving the value of industry output unchangesd

2 1f we accept @ = 5, we cuan resolve the puzzle of the high estimates of venture-capital potency
shown mn Table 2 Redemg those nonlinear regressions under the resiriction that ¢ = 5 {and p = 1) yelds
much lower ssumates of the potency of venture capital, m the range of four to five
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value of inventions in the disturbance. This approach implicitly assumes, however, that
shocks to venture funding relative to R&D are uncorrelated with shocks to the expected
value of an invention.

Our other approach begins with (9) but uses industry cutput as a proxy for the
expected value of an invention, I [l, = a, + a,In ¥,. Assuming g, = 1 (footnote 24
relaxes this assumption), we obtain the equation

P, ~(nR, —in¥)=KVJIR) + In e, (10}

The dependent variable is simply the logarithun of the ratic of patents P to R&D
intensity, R/Y. Note that our use of the value of industry outpnt as a proxy for the
expected value of an invention does not regupire the value of indusiry output to be
independent of technological opportunities. Thus, we are able to avoid the most prob-
lematic assumption that was reguired in our IV approach,

The results from estimating (9) and (10), shown in Table 5, are largely consistent
with our findings in Tables 3 and 4. In all cases, venture funding is significantly more
potent than corporate R&D. The estimates of & are more modest, suggesting that ven-
ture funding is between 1.5 and 3 times as potent as corporate R&D. >

§. Patenting or innovation?

® While the analyses above suggest a strong relationship betwsen venture capital
and patenting on an industiy level, one major concern remains. In particular, it might
be thought that the relationship between venture capital disbursements and patent ap-
plications is not indicative of a relationship between venture disbursements and inno-
vative output. It may be that the increase in patenting is a consequence of g shift in
the propensity to patent innovations stimulated by the venture financing process itself,
In the terms of (7). there may be a positive correlation between the €, and V /R, terms.

Two reasons might lead venture-backed firms—or companies seeking venture fi-
nancing-—to patent inventions that other firms would not. First, they may fear that the
venture investors will exploit their ideas. Firms seeking exiernal financing must make
extensive disclosure of their technology. While potential invesiors may sign nondisclo-
sure agreements (and may be restrained by reputational concerns), thers is still a real
possibility that entrepreneurs’ ideas will be directly or indirectly transferred to other
companies. Alternatively, venture or other investors may find it difficult to discern the
guality of firms’ patent holdings. To enhance their atiractiveness (and consequently
increase the probability of obtaining financing or the valuation assigned in that financ-
ing). firms may apply for patents on technologies of marginal worth.

The industry-fevel data do not give us much guidance here, but we can explore
these possibilities by examining a broader array of behavior by ventwre-backed and
non-venture-backed firms. Using a sample of 530 Middlesex County firms, we examine
three measures of innovative activity.

Trajtenberg (1990} has demonstrated a strong relationship between the number of
patent citations received and the economic importance of a patent. Using only those

2 We can generalize by mcluding —a In Y, en the night-hand side of (9) Restricting ¢, = 0, we get
back the specification shown m the first two colummns of Table 5, winle restricting 1t to be one vields ihe
specification in the last two columms. If we estimate @ . we get a value of about 4 while the corresponding
estimate of  remains statistically significant and within the range reported in Table § We have also run
regressions corresponding to the nonhinear versions of equations (91 and (10) The esumates of & are some-
what larger than those reported m Table 5 3 23 [.74). 1.86 { 58], 4 55 { 91}, and 4 81 | 84]
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TABLE § Ordinary Least-squares Regression Analyses of the Patent-R&D Ratio

Dependent Variable

In P, in R, mP,— (R, —In¥,)
Venture capital/privately funded R&D (5):

Firms recerving funding 239 296

( 82) £ 87)
Venture disbursemeris 145 2.70
(55 (85
R? 97 .G7 97 97
R? relative to dummy vartable only case .04 02 06 07
Number of observations 560 560 560 560

Notes Standard errors (in parentheses) are based on the Newey-West autocorrclation-consistent covariance
estimator (with a maximum ot three lags) Year and mdusiry dummy varables are imcluded m each regression

firms that received any patent awards before 1990, we compute the ratio of the number
of U.5. patent citations during the period between 1990 and Fune 1994 ¢o U.S. patents
awarded between 1969 and 1989, Citations per patent provides a largely external mea-
sure of the average importance of the firms’ patent awards.

The second and third measures of the intellectual-property activity of firms are the
freguency and extent of patent and trade-secret litigation in which the firm has engaged.
Models in the law-and-economics literature suggest that parties are more likely to file
suits and pursue these cases to trial when (i) the stakes of the dispute are high relative
to the costs of the litigation or (ii) the ouicome of the case is unclear (Cooter and
Rubinfeld, 1989). Thus, litigation may serve as a rough proxy for economic importance,
a suggestion verified empirically by Lanjouw snd Schapkerman (1997). We present

TABLE & Comparisons of Inteliectual Property Activities of Venture-Backed and

Non-Venture-Backed Firms

Mean for Firms p-Value, Comparison

Venture-Backed Non-Venture Means Med:ans

Patents, 199C to mid-1994 1274 2 44 029 000
Citations/patent 6.44 406 016 004
Intellectual property suts:

Number of suits 79 18 500 000

Number of docket filings 30.29 421 GO0 000
Patent suits only

MNumber of suits 36 .08 000 000

Number of docket filings 1535 204 000 000
Trade-secret suits only

Number of suits 34 08 U0 000

Number of docket filings 643 1.86 007 000

Notes The sample consists of 530 firms based in Middlesex County, Massachusctts, of which 122 are

venture-backed
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these tabulations separately for patent and trade-secret suits. These measures may pro-
vide a rough indication of the importance of both patents and trade secrets to the firm.

Table 6 presents univariate compansons. There are substantial differences between
the 122 venture-backed and 408 non-venture-backed firms: the venture firms are more
likely to patent, have previous patents cited, and engage in frequent and protracted
jitigation of both patents and trade secrets. All the tests of differences in means and
medians in these three categories are significant at least at the 5% confidence level, as
well as when we employ regression specifications. These findings help allay fears that
differences in the propensity to patent drove our findings in Sections 3 and 4. At the
same time, it is bnportant to acknowledge that while the firm-level analysis allows us
to examine whether the innovative behavior of venture-backed and non-venture-backed
firms differs on measures other than patent counts, it does not allow us to address
endogeneity issues as in the industry-level analysis.

8. Conclusions

B This article examines the impact of venture capital on technological innovation.
Patenting patterns across industries over a three-decade period suggest that the etfect
is positive and significant. The results are robust to different measures of venture ac-
tivity, subsamples of industries, and representations of the relationship between pat-
enting, R&D, and venture capital. Averaging across our preferred regressions, we come
up with an estimate for & (the impact on patenting of a dollar of venturs capital relative
to a dollar of R&D) of 3.1. This estimate suggests that venture capital accounted for
8% of industrial innovations in the decade ending in 1992.% Given the rapid increase
in vepture funding since 1992, and assuming that the potency of veniure funding has
remained constant, the results imply that by 998, venture funding accounted for about
14% of U.5. innovative activity.”®

In our earlier work (1998), we argued that the recent surge in patenting in the
United States was most likely explained by changes in the management of innovative
activities. Interpreted broadly, the growth of venture capital is one such management
change. While our results help answer some guestions, they pose in turn additional
questions:

First, what are the sources of the venture capitalists’ advantage in funding inno-
vation? Is the key source of advantage the process by which projects are chosen ex
ante, or is it the monitoring and control after the investrnent is made?

econd, the finding of the apparently greater cfficiency of venture funding in spur-
ring innovation raises the guestion of why industrial R&D managers have not adopted
some of the same approaches to financing innovation. Jensen {1993}, for ome, has
argued that agency problems have hampered the effectiveness of major corporate in-
dustriaf research facilities over the past several decades. What barriers have limited the
diffusion of the venture capitalists’ approaches?

2% We get the estimate of & = 3 1 by averaging the cstumates 1o the regressions reported in Panel B of
Table 4, Table 5. and footnote 24 The ratic of venture capital disbursements to R&D (V/R) averaged over
the years 1983 to 1992 1s 2 9% (see Table 1. Our calculation of the share of innovanons due o venture
capital 18 H(V/IRY(1 + B{V/IR))

%6 Based on cstimates of venture capital disbursements 1o all industries m 1998 (fiom Venture Econom-
1cs) and prelinunary estumates of R&D performed and funded by mdustry (from the National Science Foun-
dation), we calculate that V/R increased at a2 14% annual rate from 1992 to 1998 Given that VIR was 2 22%
i 1992, we project that it had risen to 5 1% by 1998 Applying the same venture funding potency » of 3 1,
we get the 14% number noted in the text
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Finally, other innovations in organizing research cccurred contemporaneousty, For
example, central R&D facilities of large corporations have been redirected toward more
applied problems (for an overview, see Rosenbloom and Spencer (1996). 1s it possible
to disentangle the distinct effects of the rise of venture capital from other R&D man-
agement innovations?

References

abrae

BERNSTEIN, J AND NADIRL, M1 “‘Financing and Investmient in Plant and Equipment and Research and De-
velopment.” In M.H. Peston and RE Quandt, eds . Prices. Compention and Equilibrium  Oxford:
Philip Allan, 1986

CoHEN, WM “Empir:cal Studies of lnnovanve Activity ” In P Stoneman, ed , Handbook of the Econownucs
of Innovation and Techmical Change. Oxford Blackwell, 1995,

CooTeR, R.D. anDp RuBveein, DI “Feonomic Analysis of Legal Disputes and Thewr Resolution.” Jowurnad
of Econonuc Literature, Vol. 27 (1989), op 1067-1097.

ELROPEAN COMMISSION Green Paper on fnnovanon. The Buropean Umion, 1995 hitp-/eurcpa cu mt/ens
record/green/gp95 12/indumn him

GOMPERS, PA., AND LERNER, [ ““What Drives Venture Capital Fundraising?” Brookings Papers on Economic
Actwviry, Microe: onomics (1998), pp 149--192

AND . The Venture Caprial Cycle. Cambnidge, Mass. MIT Press, 1999

GRILICHES, Z “‘Issues 1n Assessing the Conmbution of Research and Development to Productivity Growth.”
Bell Journal of Econorues, Vol 10 (1979). pp 92-116.

“Productivity, R&D, and the Basic Researc’ a* the Firm Level in the 1970°5.” American Economic

Review, Vol. 76 (1988}, pp. 141- 154,

. “‘Patent Statistics as Econormuc Indicators: A Survey.” Jowrne! of Eeononue Literature, Vol 28

(199, pp. 1661-1707.

aNp HavsMvan, § A, “Errors m Variables i Panel Data.” Jowrnal of Econometrics, Vol 31 (1988),
Pp- $3-118

Harr, B.H.. GreceEs. 7, AND HausManN, J. A “Patents and R&D. Is There a Lag?”’ frernautional Econonuc
Review, Vol. 27 (1986), pp 265-283.

Herimann, T anp Purg, M. “The Interaction Setween Product Murket and Financing Strategy The Role of
Venture Capital ” Mimeo, Stanford Umversity, 1998,

HivvELBERG, C P AND PsTErRSEN, B € "R&D and Internal Finance: A Panel Study of Small Firms 1 High-
Tech Industries ” Review of Economics and Stanstics, Vol 76 (1994), pp 38-51

Jenskn, M C. “‘Presidential Address: The Modern Industrial Revolution, Exit, and the Falure of Intermal
Control Systems.” Journal of Finunce, Vol. 48 (1993}, pp 831-880.

KORTUM, 8. AND LERNER, J “Stroager Protection or Technological Revoelution: What Is Behlund the Recent
Surge wn Patenting”?”” Carnegie-Rochesier Conference Series on Public Policy, Yol 48 (1993), pp 247—
304.

axDp PutnaM. J. “Assigning Patents to Industries: Tests of the Yale Technology Concordance ” Evo-
romic Systems Research, Vol 9 (1987), pp 161-175

Lanjouw, J AND SCHANKERMAN, M. “Styhized Facts of Patent Litigation Value, Scope and Ownersiup.”
Working Paper no 6297, Natonal Burcau of Economic Research, 1997,

LEVINSOHN, J axp PETRIN, A “Estumating Production Functions Using [nputs o Control for Unobservables.”
Working Paper no 7819, National Bureau of Economic Research, 2000,

NeEwWEY, WK anp WesT, KD. “A Simple, Posttive Scmi-defimite. Eeoteroskedasucity and Autocorrelation
Consistent Covanance Matrx ” Feonometrica, Yol 55 (1987), pp. 703-708

OLLEY, § AND Parrks, A “The Dynamics of Productivity i the Telecommunications Industey ™ Heonome-
frica, Yol 64 (1996), pp 1263-1297.

ROSENBLGOM, R.S. AND SPENCER, W.J |, eds Engines of Innovation U.5. Industrial Research ai the End of
an Fra. Boston' Harvard Business School Press, 1996

SCHMOOKLER, § Invention and Economie Growth Cambridge. Mass.: Harvard Umiversity, 1966

TRAJTENBERG, M A Penny tor Your Quotes: Patent Citauons and the Value of Innovat-ons ” RAND Journal
af Economics, Vel 21 (1990), pp 172-187

€ RAND 2000

S, Copvright © 2004 . All-tights reserved - - ———



