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Abstract

We test the venture capital and patenting hypothesis state-level cross-section data for the United States,
whereas previous research has been industry and firm based. We categorize R & D funds (federal research,
industry research and academic research funds). We include the income level (gdp per capita) and size of the
states (gdp, population, civilian labor force). We consider human capital factors as adding science and re-
search holders of each state through different categories (doctoral sciences and engineering degree holders,
graduate students of science and engineering, post doctorate students). Finally, we include the grants re-
ceived by the Small Business Innovation Center. Even after controlling so many variables, our results sug-
gest that venture funding has a strong positive impact on patenting in state-level cross-section data. A one
billion dollar increase in venture capital is associated with an increase in 440 patents whereas a one billion
dollar increase in corporate R & D is associated with an increase in 140 patents. Kortum and Lerener [1] find
that a dollar of venture capital is seven times more powerful in stimulating pattern than a dollar of corporate

R & D. Our research suggests that this difference is three times.
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1. Introduction

The link between patenting and venture capital has al-
ready been explored in the literature [1]. Our research is
different for a number of reasons. First, we test state-
level cross-section data for the United States, whereas
previous research has been industry and firm based [1,2].
Second, we categorize R & D funds (federal research,
industry research and academic research funds). Third,
we include the income level (gdp per capita) and size of
the states (gdp, population, civilian labor force). Fourth,
we consider human capital factors as adding science and
research holders through different categories (doctoral
sciences and engineering degree holders, graduate stu-
dents of science and engineering, post doctorate stu-
dents). Finally, we include the grants received by the
Small Business Innovation Center. Even after controlling
so many variables, our results suggest that venture fund-
ing has a strong positive impact on patenting in state-
level cross-section data.

Implementing brain power into the market requests a
trial and error approach. If the risk is only on the shoul-
ders of entrepreneurs, they will avoid risk. Risk-sharing
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has an important role in developing new ideas. Many
students graduate with new ideas, but the ecosystem does
not allow them to try innovative ideas. If innovation
were not risky, big firms would try it, and they would use
their great advantages in finance, marketing, and distri-
bution channels. This market failure occurs because the
significant uncertainties of R & D lead private investors
to allocate suboptimal amounts of finance to research [3].
Therefore, big companies rely on external R & D. Fi-
nancing R & D is a serious obstacle bound in economics.

One specific area of finance for a risky investment is
venture capital. Venture capital is defined to be “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 firm” [1]. There is a vast literature re-
garding the role and the benefits of venture capital [4].
First, venture capitalists share the risks. Venture capital
finance highly-risky potentially high-rewarded projects,
purchasing equity or equity-linked shares while the firms
are still privately held [4]. The investment amount is not
relevant to growth [5], nor does the short-run investment
amount for entrepreneurial activities matter. Therefore,

Tl



296

the normal banking sector will not finance such long-
term and risky investments because it is under the con-
straint of short-term goals.

Second, venture capitalists play a significant role in
the development of the start-up companies [2]. The pro-
portion of all initial public offerings backed by venture
capital funding rise from 10% in the 1980s to 30% in the
1990s and 55% in 1999 [4].

Third, increases in venture capital actively in an in-
dustry are associated with significantly higher patenting
rates [1]. They also find that a dollar of venture capital is
seven times more powerful in stimulating pattern than a
dollar of corporate R & D. Innovators do have a signifi-
cantly higher number of patents than do imitators [2].

Fourth, venture capitalists play to erode informational
asymmetries Venture capitalists should be prominent in
industries where informational concerns are important,
such as genetics and computer software [6].

Fifth, venture capitalists ease bringing companies to
stock market since they don’t sell their shares rightaway
and they want to raise their reputation for a following
initial public offering. Therefore, investors have trust on
venture capitalists to buy stocks. Venture capitalists re-
peatedly bring firms to the public market and therefore
they need to protect their reputation against overvalua-
tion [7].

Sixth, the choice behind venture capital is to choose a
self-growth business model that depends on the cus-
tomer’s payment versus scaling with venture capital cash
injections. Important issue with venture capital is scaling.

Thanks to venture funding, a business can grow very fast.
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Without venture capital, it may take generations for a
company to grow.

Seventh, The greater availability of venture capital
might have caused a fall in the unemployment rate [8].
There is an important transmission mechanisms from
venture capital availability to labor market performance.
According to [7], venture capital is likely to improve the
international competitiveness, to attract higher foreign
direct investment inflows and to stimulate technologies.

These start-up companies often take new innovations
to market and could be important conduits to exploit and
disseminate benefits from technological breakthroughs.
Given this potential, the presence of venture capital
could spur innovation since it could increase profitable
opportunities from new discoveries. Venture capital could
have contributed to 8% of industrial innovation in the
late 1980’s even though it only measured less than 3% of
R & D during this period [1]. Venture capital contributed
to productivity growth in Taiwan [9].

The rest of this paper is organized as follows. Section
2 presents the empirical methodology. Section 3 presents
results and Section 4 offers concluding discussion.

2. Empirical Methodology and Data

We consider a cross section of 50 states, Washington
D.C., and Puerto Rico in the United States from 2006 to
2008. We chose the years between 2006-2008 since it
was the latest available years in the data set (see Tables
1 and 2 for descriptive statistics). Our dependent variable
is the number of patents issued by each state in the United

Table 1. Descriptive statistics.

iy e oo s, St . Poplten 2005
residents, 2008 2006a ' institutions, 2006 institutions, 2006 (thousands)
Mean 1519.19 12126.8 621.62 964.31 10540.14 5961.882 3019.6
Median 586 8270 347 367 6659 4269 2043
Maximum 19181 87370 4283 7550 52480 36757 18392
Minimum 20 730 29 0 661 533 293
Std. Dev. 2835.34 14750.9 771.69 1509.668 11522.08 6724.685 3346.73
Table 2. Descriptive statistics.
Federal R& D  Industry R& D, AcademicR&D, SBIRawards, Income per capita, Gross domestic Venture Capital
obligations, 2006 2006 2007 2000-07 2007 T%rtg?lég)l ﬁf’o%) Total ($millions)
Mean 2106.78 4781.43 966.62 865.6 37825.3 269.47 520.37
Median 636 1774 587 314 36272 158 16
Maximum 21157 58424 6733 8818 62484 1813 14678
Minimum 36 27 80 28 28541 25 1
Std. Dev. 3614.47 8875.3 1189.7 1505.4 6659.69 327.97 2096.55
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States and our data have been reported by [10-12].

When patent disbursements are viewed geographically,
a little more than one-fourth of patents went to Califor-
mia, a little less than one-third goes to Texas, New York,
Washinton, Massachusetts, Michigan, Illinois, New Jer-
sey, Minnesota, and Pennsylvania (Figure 1). The poor-
est19 states in patenting hardly pass the number of pat-
ents in Pennsylvania (the 10th lowest in the leading
states) (Figure 2).

When venture capital (VC) disbursements are viewed
geographically, half of venture capital went to Califor-
mia (in patenting, California was granted one-third), and
the other leading states received more than one-fourth of
venture capital (Figure 3). This indicates that there is a
strong, inequal distribution of venture capital availability
across the United States. This time, we needed 35 states
to capture the 10th lowest leading venture capital state—
Minnesota (Figure 4).

GDP per capita income (Cap-State) and GDP (GDP-
State) of each state are used as a proxy for income level.
We are controlling for level of income, so venture capital
spending is not just earning higher incomes. Distinctions
among GDP (we also test states’ population and labor
force) and GDP per capita will help determine whether
the income level (rich versus poor states) or the size of
the state (big versus small states) matters most for ac-
quiring patents. In terms of Cap_State, the average in-
come is $37.825 and the lowest income per capita is
$28.000 and the highest income per capita is $62.484

(Table 2). In the U.S. the income gap between the richest
and the poorest of states is 2 to 1.

The major explanatory variable for patenting is R & D
expenditures [1]. In our research, we divide expenditures
into the categories such as industrial, academic, and fed-
eral R & D.

Among our control variables, we include human capi-
tal as adding science and engineering degree holders to
each state (for the years of 2006-2008) (Figure 5). We
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Figure 1. Top 10 leading states in patenting (2008). Source:
Natioanl sciences foundation [10]. (Total patent number in the
USis 77,793).
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Figure 2. Poorest states in patenting (2008) (19 states). Source: Natioanl sciences foundation [10] (Total patent number in the US is

77,793).
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Figure 3. Top 10 leading states in venture capital (2007).
Source: PriceWaterCoopers-National venture capital associa-
tion [11] (Total venture capital in the US is $26 billion 555
million).
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Figure 4. Poorest states in venture capital (35 states). Source:
PriceWaterCoopers-National venture capital association [11].

use four cathegories: 1) accumulated Ph.D. holders in
science and engineering (SE), 2) current graduate stu-
dents in SE, 3) new graduate post-doctorate students, and
iv) new graduates with master’s and Ph.D. degrees in SE.
As seen in the graph, the important technology centers
such as California and New York attract a large sum of
degree holding engineers.

Additionally, we include the awards granted by the
Small Business Innovation Center to each state. The U.S.
Small Business Administration (SBA) Office of Tech-
nology administers the Small Business Innovation Re-
search (SBIR) Program. SBA ensures that the nation’s
small, high-tech, innovative businesses are a significant
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Figure 5. Ph.D. holders of science and tech. Source: National
science foundation [10] (total US: 620,140).

part of the federal government’s research and develop-
ment efforts.

Given the control variables of the research, human
capital and income resources, does venture capital re-
main statistically significant? We will address and an-
swer this question in the following section.

3. Results

Table 3 presents findings for the full sample of states
and assesses human capital and income variables. Table
4 considers research fund variables.

The first column presents the baseline specifications.
We run CAP_State, GDP_State, and Ph.D._SE. Ph.D._SE
is significant. In column we add VC, our main research
variable. VC remains statistically significant in all re-
gressions. The t-value is extremely high (t is 13.13).
Ph.D._SE lost its significance.

The coefficient for GDP is positive, whereas the other
income variable, GDP per capita, is not significant. So,
income level does not play an important role on patent-
ing but the size of a big state (GDP).

In columns 3, 4, and 5, we add other human capital
variables; Graduated SE, Postdoctorate —SE, and Grad-
aute_SE. None of the human capital variables are sig-
nificant. We may comment that human resources may
not be sufficient unless the supporting institutions exist.
In this case, VC represents a funding, an operational and
a risk sharing institution.

In columns 6 and 7, we test other sizes of the state
variable and both population and civil labor force are
statistically significant.

This finding in Table 3 suggests that promoting ven-
ture capital might contribute to an increase in patenting.

In Table 4, we add the source of funds beside Cap_
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Table 3. Dependent variable: number of patent of state.
1 2 3 4 5 6 7
Constant 666.53 (0.99)  102.42(0.29) -66.89 (-0.21) -13321(-043) -189(-0.62) -—288.56(-0.58) —223.5(-0.48)
CAP_State -0.036 (-1.61) —0.0028 (-0.29)  0.003 (0.34) 0.005 (0.62) 0.0072(0.81)  0.0062 (0.46)  0.0042 (0.34)
GDP_State 114 (0.63)  3.103 (2.83)***  3.79 (2.96)*** 4 (8.48)*** 482 (4.1)***
Ph.D._SE 0.15 (2.77)***  0.022 (0.81) 0.03 (1.05) 0.029 (0.92)
VvC 0.77 (13.13)***  0.81 (17.41)*** 0.83 (18.87)***  0.79(14.98)  0.77 (14.02)*** 0.78 (14.06)***
Graduated_SE 0.025 (0.04)
Postdoctorate —SE -0.067 (-0.67)
Gradaute_SE -0.026 (-0.89)
POP_State 0.12 (2.13)***
LABOR_State 0.26 (2.11)***
R-Square 0.86 0.96 0.96 0.96 0.96 0.96 0.96
Number of Observation 52 52 52 52 52 52 52
Heteroskedastic-consistent standard errors are in parentheses. ***, ** *denotes significance at the 1%, 5%, and 10% levels.
Table 4. Dependent variable: number of patent of each state.
8 9 10 11 12
Constant 392.94 (1.22) 85.65 (0.26) 367.99 311(0.7) 150.6 (0.38)
CAP_State -0.008 (-0.97) -0.0024 (-0.27) -0.01 -0.009229 (-0.74) -0.003 (-0.32)
GDP_State 5.47 (5.03)*** 2.53 (1.86)* 2.73 3.4 (3.12)*** 2.41 (2.15)***
VvC 0.67 (7.24)*** 0.8 (13.04)*** 0.4 (5.02)*** 0.75 (11.17)*** 0.84 (12.9)***
Ph.D._SE 0.04 (1.61) 0.048 (1.21) -0.0073 (1.1) 0.056712 (1.2) 0.05 (1.47)
Federal_Budget -0.019 (-2.92)** -0.08 (-1.44)
Federal_ R&D -0.08 (-1.44)
Industry R & D 0.14 (4.86)***=
Academic R&D -0.46 (-1.06)
SBIR_Reward -0.23 (-1.5)
R-Square 0.96 0.97 0.98 0.96 0.96
N. of Obs 52 52 52 52 52

Heteroskedastic-consistent standard errors are in parentheses. ***, **, *denotes significance at the 1%, 5%, and 10% levels.

State, GDP_State, VC and Ph.D._SE. Only the industrial
research fund is statistically significant. The academic
and federal research fund variables are not statistically
significant. Hence, we find that venture funding and in-
dustrial research expenditures are more effective than
academic and federal research funds. A one billion dollar
increase in venture capital is associated with an increase
in 440 patents whereas a one billion dollar increase in
corporate R & D is associated with an increase in 140

Copyright © 2011 SciRes.

patents. Kortum and Lerner [1] find that a dollar of ven-
ture capital is seven times more powerful in stimulating
pattern than a dollar of corporate R & D. Our research
suggests that this difference is three times. Kortum and
Lerner [1] also compare venture-backed firms and non-
venture backed firms in terms of patenting efficiency.
They find that venture-backed firms’ patents are more
frequently used by other patents. A plausible suggestion
is that venture capitalists put more pressure and spend
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more time in pursuit of results, hence they discipline the
firms holders to follow the target in a timely matters.
Similarly, academic life is not as competitive as business
life. Therefore, academics might work with less time
pressure. Another reason might be that academics try to
publish papers out of work rather than just focusing on
patenting. Some research in academia may deal with
basic science rather than aiming for patenting and inno-
vation, opposite to the goal of venture capitalists. So, an
academic research project may aim for a pure theoretical
purpose. We also test the impact of SBIR rewards on
patenting, which is not statistically significant.

4. Conclusions

We consider a cross section of 50 states, Washington
D.C., and Puerto Rico in the United States from 2006 to
2008 to search the link between patenting and venture
capital.

When patent disbursements are viewed geographically,
a little more than one-fourth of patents went to Califor-
mia, a little less than one-third goes to Texas, New York,
Washinton, Massachusetts, Michigan, Illinois, New Jer-
sey, Minnesota, and Pennsylvania. The poorest19 states
in patenting hardly pass the number of patents in Penn-
sylvania (the 10th lowest in the leading states).

When venture capital (VC) disbursements are viewed
geographically, half of venture capital went to Califor-
mia (in patenting, California was granted one-third), and
the other leading states received more than one-fourth of
venture capital. This indicates that there is a strong, ine-
qual distribution of venture capital availability across the
United States. This time, we needed 35 states to capture
the 10th lowest leading venture capital state—Minnesota

Ours findings suggest that promoting venture capital
might contribute to an increase in patenting. A one bil-
lion dollar increase in venture capital is associated with
an increase in 440 patents whereas a one billion dollar
increase in corporate R & D is associated with an in-
crease in 140 patents. Kortum and Lerener [1] find that a
dollar of venture capital is seven times more powerful in
stimulating pattern than a dollar of corporate R & D. Our
research suggests that this difference is three times. Size
of states (GDP, population and civil labor force) does
matter rather than income per capita on patenting. The
human capital variables (graduate degree holders in sci-
ence and engineering) lose their significance when we
include venture capital. We may comment that human
resources may not be sufficient unless the supporting
institutions exist. In this case, VC represents a funding,
an operational and a risk sharing institution.

The academic and federal research fund variables are

Copyright © 2011 SciRes.

not statistically significant with patenting. A plausible
suggestion is that venture capitalists put more pressure
and spend more time in pursuit of results; hence they
discipline the firms’ holders to follow the target in a
timely matters. Similarly, academic life is not as com-
petitive as business life. Therefore, academics might
work with less time pressure. Another reason might be
that academics try to publish papers out of work rather
than just focusing on patenting. Some research in acade-
mia may deal with basic science rather than aiming for
patenting and innovation, opposite to the goal of venture
capitalists. So, an academic research project may aim for
a pure theoretical purpose.

5. References

[1] S. Kortum and J. Lerner, “Assessing the Contribution of
Venture Capital to Innovation,” RAND Journal of Eco-
nomics, Vol. 31, No. 4, 2000, pp. 674-692.
doi:10.2307/2696354

[21 T. Hellmann and M. Puri, “The Interaction between
Product Market and Financing Strategy: The Role of
Venture Capital,” Review of Financial Studies, Vol. 13,
2000, pp. 959-984.

[3] D. Berlitz, “Political Choice and Strategies for Growth in
Israel, Taiwan, and Ireland,” Yale Press, New Haven,
2006.

[4] P. Gompers and J. Lerner, “Venture Capital Revolution,”
The Journal of Economic Perspectives, Vol. 15, 2001, pp.
145-168.

[5] W. Easterly, “The Elusive Quest for Growth: Economists’
Adventures and Misadventures in the Tropics,” MIT Press,
Cambridge, 2002.

[6] R.Amit, J. Brander and C. Zott, “Why Do Venture Capi-
tal Firms Exist? Theory and Canadian Evidence,” Journal
of Business Venturing, Vol. 13, 1998, pp. 441-466.

[71 W. C. Megginson and K. A. Weiss, “Venture Capital
Certification in Initial Public Offerings,” Journal of Fi-
nance, Vol. 46, No. 3, 1991, pp. 879-893.
doi:10.2307/2328547

[8] H. Feldmann, “Venture Capital Availability and Labor
Market Performance in Industrial Countries: Evidence
Based on Survey Data,” Kyklos, Vol. 63, No. 1, 2010, pp.
23-54. doi:10.1111/j.1467-6435.2010.00459.x

[9] M.-C. Tang and Y.-L. Chyi, “Legal Environments, Ven-
ture Capital, and Total Factor Productivity Growth of Tai-
wanese Industry,” Contemporary Economic Policy, Vol. 26,
No. 16, 2008, pp. 468-481.

[10] National Sciences Foundation, 2008. http://www.nef.org

[11] Pricewatercoopers-National Venture Capital Association,
2010. http://www.nvca.org

[12] US Census Bureau, 2010. http://www.census.org

Tl


http://dx.doi.org/10.2307/2696354
http://dx.doi.org/10.2307/2328547
http://dx.doi.org/10.1111/j.1467-6435.2010.00459.x

