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ABSTRACT 

We investigate the influence of government grants, venture capital (VC), and private equity (PE) 
on innovation. Grounded in the logic of information economics and the knowledge-based view, 
this study takes a fine-grained perspective by examining innovation inputs (R&D), and 
innovation outputs (patents), and the quality of outputs (patent citations). We analyze a cross-
sectional sample of 436 Australian newly public companies. We find that grants are associated 
with innovation inputs, outputs, and the quality thereof. VCs increase innovation inputs whereas 
PEs increase innovation outputs and the quality thereof. Importantly, grants encourage VC 
investment but not PE investment. Grants and VC/PE backing are generally complements 
regarding innovation except grants substitute for VC backing on innovation inputs. We also 
investigate the attributes of VC/PEs that are associated with innovation.  
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INTRODUCTION 

We investigate the differential impact of funding sources on innovation. New venture firms tend 

to pursue a strategy of innovation to enhance their competitive advantage, performance, and 

valuation (Terziovski, 2010). At the same time new venture firms tend to be resource poor, so 

they seek resources, including funding, to enhance their knowledge base and capability to 

innovate (Yli-Renko et al., 2001). Three prominent sources for such funding are government 

grants, venture capital (VC) firms, and private equity (PE) firms (Rind, 1981; Bruton et al., 

2010). While there is a large literature on the relationship of VC and PE backing on financial 

performance (eg. Bruton et al, 2010; Fitza, Matusik, Mosakowski, 2009), there is a limited 

literature on the influence of VC and PE backing on innovation. Similarly, the influence of 

government grants on innovation has received limited attention (for an exception see; Clausen, 

2009), notwithstanding the significant government expenditure devoted to grants. For example, 

despite Ireland spending €802 million on innovation-incentives in 2012 (Ferguson, 2013), and 

the Australian government budgeting AUD 332.7 million for the 2012 financial year (Innovation 

Australia, 2012, p158), it is unclear whether such grants encourage innovation. Overall, the lack 

of research on the combined influence of grants, VC backing, and PE backing, leaves us with an 

incomplete knowledge of the determinants of innovation in new venture firms. Specifically, the 

literature lacks clarity on whether government grants provide a signal to encourage subsequent 

VC/PE investment and whether grants supplement or complement VC and PE investment with 

regards to innovation.  

To address these gaps, we offer a theoretical explanation and empirical investigation of 

how government grants, VC backing, and PE backing influence innovation. To build our 

arguments, we draw upon the logic of information economics (Akerlof, 1970; Spence, 1974; 
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Riley, 2001) and the knowledge-based view of the firm (Kogut and Zander, 1992; Grant, 1996a, 

1996b). Following the knowledge-based view, we take the perspective that new venture firms 

will seek knowledge resources and capabilities to increase competitive advantage through 

innovation. We similarly view VC/PE firms as seeking investment opportunities in companies 

that have a knowledge-based advantage, that they can add their own knowledge and management 

skills, thereby helping to facilitate growth (Matusik and Fitza, 2012). However, following 

information economics, information asymmetries can limit the ability of VC/PEs to identify 

portfolio companies that have such a knowledge-based advantage. Thus, we examine how 

credible, externally validated, signals of quality (i.e. grants) can encourage VC/PE investment 

and the extent to which such signals can influence the nature of that investment. We also argue 

that such signals influence the ability to procure capable knowledge-resources such as top 

research staff. We examine whether government grants, VC backing, or PE backing, individually 

or in combination, encourage firms to increase innovation inputs (as proxied by R&D 

expenditures) and whether they help firms to translate those inputs into innovation outputs (as 

proxied by patents). We further examine whether such funding and backing1 improves the quality 

of those outputs (as proxied by the citations that the patents receive). In our empirical analysis, 

we also examine the characteristics of VCs and PEs that are associated with innovation.  

We undertake our empirical investigation of innovation in the Australian market. 

Analyzing the Australian market provides several advantages. Latent macroeconomic factors that 

could drive innovation (see e.g. Anokhin and Wincent, 2012) are subdued. In high-innovation 

regions (i.e. the U.S. and Europe), it can be relatively more difficult to identify whether funds 

cause an increase in innovation, or whether innovativeness arises due to other macroeconomic 

                                                           
1 We use the terms funding, backing, and investment as interchangeable while recognizing that typically VC/PE 
backing provides management support in addition to financial support. 
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factors. That is, it is relatively more difficult to eliminate macroeconomic factors as an 

alternative explanation for observed high innovation levels. By contrast, Australia is a country 

that has strong sovereign governance and well-developed principles of corporate governance 

(Humphery-Jenner and Powell, 2011; Gallagher et al., 2012), but has historically featured 

relatively low levels of innovation (Gans and Stern, 2003; Gans and Hayes, 2010). Thus, in 

Australia, a relation between VC/PE backing and innovation is likely to reflect the impact of this 

backing; by contrast, in high-innovation countries the relationship between VC/PE backing and 

innovation may reflect other latent economic-growth factors. Further, the government grants in 

Australia are competitive, in contrast to semi-automatic R&D subsidies,2 assuring that the grants 

possess market-based characteristics.  

We test our theoretical arguments on a sample of 436 firms that list on the Australian 

Stock Exchange (ASX) between January 1995 and December 2005. As in Bruton et al (2010), 

we examine newly public companies at the point of their IPO (initial public offering). We 

analyze the level of innovation inputs (R&D expenditure) and outputs (patents), and the quality 

of those outputs (patent citations) and distinguish whether the company had a government grant, 

VC backing, or PE backing at the time of listing on the Australian Stock Exchange.3 We ensure 

that the results are robust to using propensity score matching and 2SLS techniques. The 

empirical results generally support our hypotheses. We find that grants increase innovation 

inputs, outputs, and output quality. VC backing increases innovation inputs. PE backing 

increases innovation outputs and the quality thereof. We find grant-recipients who receive VC or 

                                                           
2 Many grant-schemes are competitive, these include the SBIR scheme in the U.S. However, some schemes award 
semi-automatic subsidies to those companies who meet particular statutory requirements (See e.g. the ‘Credit Impôt 
Recherche and Jeunes Entreprises Innovantes’ in France).  The distinction is important in our arguments as 
competitive grants have different signaling effects from non-competitive ones.  
3 There can be some endogeneity between the structure of innovation and the choice to undertake an IPO versus a 
trade sale (Schwienbacher, 2008). The decision to go public can also be non-random and driven by external 
industry-wide or market-wide factors (Cao, 2011; Hsu, 2013). However, by comparing VC/PE backed IPOs with 
non-VC/PE backed IPOs we implicitly address this endogeneity by controlling for the choice of exit mechanism.  



4 
 

PE backing produce more innovation outputs and outputs of higher quality than do grant-

recipients who do not receive VC or PE backing, suggesting that VC and PE backing 

complement government grants regarding innovation outputs and output quality. Interestingly, 

we find that grants substitute for VC backing regarding innovation inputs while they complement 

PE backing. The receipt of a grant encourages a VC, but not a PE, to invest in a new venture 

firm. Additionally, our model control variables provide insight on the types of VC/PE firms that 

encourage innovation. We  find that large and domestically-based VC/PEs are associated with 

higher levels of innovation, whereas syndicated VC/PE investments, and VC/PEs based 

overseas, or having a higher portfolio spread are associated with lower levels of innovation.  

This investigation contributes to three literature streams. First, we contribute to the 

information economics literature by theoretically arguing and empirically demonstrating that 

government grants provide an externally validated signal to encourage subsequent VC but not PE 

investment. To our knowledge, government grants have not been previously considered as a 

signaling mechanism. Second, we contribute to the literature on innovation. The prior literature 

indicates that VC backing increases innovation; however, we provide a more complete, and fine 

grain, analysis by additionally examining PE backing and grants as drivers of innovation, and by 

examining innovation inputs, outputs, and quality of the outputs. We find general support for the 

idea that VC and PE backing complement grants regarding innovation. Third, recognizing that 

VC and PE firms are heterogeneous (Bruton et al., 2010), we contribute to the literature on the 

influence of VC/PE backing by examining the discernible attributes of VC/PEs and their 

relationships with innovation. In addition to contributing to the literature on government grants 

and VC/PE firms, this study provides insights that directly apply to policy-makers, managers of 

new venture firms, and managers of VC/PE firms. 
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PRIOR LITERATURE AND HYPOTHESES 

The theoretical basis for our analysis is information economics (Akerlof, 1970; Spence, 1974; 

Riley, 2001) which we supplement with perspective from the knowledge based view (Kogut and 

Zander, 1992; Grant, 1996a, 1996b). Unlike prior studies on the influence of VC and PE backing 

that generally consider the resultant valuation or performance of the firm, we investigate 

innovation.  Innovation is an important strategic outcome for new venture firms, especially prior 

to IPO (initial public offering). Innovation is generally sought because it is a path to competitive 

advantage and higher performance (McGrath et al., 1996). The innovation literature has 

associated the innovativeness of firms with a variety of causal factors including knowledge, 

resources, capabilities, networks, and the management of the firm (Henderson and Cockburn, 

1996; Ahuja, 2000). We build on this prior work in our investigation of innovation.4  

 Scholars have long acknowledged that innovation has an important influence on firm 

performance (Jaffe, 1986; Teece, 1986; DeCarolis and Deeds, 1999). The interest in innovation 

has prompted scholars to examine innovation inputs as well as innovation outputs. Since we are 

interested in innovation as a resultant of firms receiving funding from varying sources, we 

consider three distinct aspects of innovation. First, we use the company’s level of R&D 

expenditure as a proxy for its innovation inputs (Lavie and Rosenkopf, 2006; He and Wang, 

2009). Next, we examine the results of these innovation inputs, specifically the firm’s patents as 

innovation outputs (Kotha et al., 2011). Then, we examine the quality of those outputs – 

innovation quality – indicated by the citations that those patents have received (Ahuja and Katila, 

2001; Joshi and Nerkar, 2011).  

                                                           
4  We acknowledge than some scholars also separate innovation from invention with innovation requiring 
commercial implementation.  
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Information economics addresses the problem of market inefficiencies and adverse selection 

that can arise from asymmetric information between buyers and sellers (Akerlof, 1970; Spence, 

1974; Riley, 2001). The adverse selection problem arises where information asymmetry exists 

between counter-parties. Where there is information asymmetry, the seller has more information 

about a good’s quality than the buyer. Therefore, the buyer cannot evaluate the quality of goods; 

and thus, the seller cannot set prices to reflect that quality. Thus, the buyer must set a price that 

does not reflect the good’s quality. This can result in too few high-quality goods being purchased 

(as the price offered by the buyer is too low) and too many low quality goods being purchased 

(as the price set can be an over-price) (Milgrom and Stokey, 1982). Asymmetric information has 

also been associated with various other outcomes; for example, firms receiving sub-optimally 

low investment (see e.g. Miller et al., Forthcoming).  

During the investment selection process regarding new venture firms, VC/PEs are 

anticipated to investigate potential investees. Yet, such investigations are costly and may not 

result in accurate quality determinations. One of the remedies to this asymmetric information 

problem is a credible signal of quality (see review by Stiglitz, 2000). Quoting Ragozzino and 

Reuer (2011, p. 878), “… signals are activities by an economic actor that are positively related to 

an unobserved attribute that an exchange partner values and whose cost is negatively related to 

that unobserved attribute.” There is a large literature on such signals of quality and the VC 

literature highlights the value of signals. For example, prior literature indicates that VC backing 

can be a signal of quality at the time of the IPO (Krishnan et al., 2011), when the firm is 

subsequently looking for an acquirer (Krishnan et al., 2011; Ragozzino and Reuer, 2011), and 

when the firm is subsequently attempting to borrow money (Huang et al., 2012; Basu et al., 

2013). Additionally, the literature indicates that VC backing can be a signal of quality to 
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knowledgeable employees when the firm is seeking top talent (Lee et al., 2001). However, within 

this VC literature, there has been limited analysis of the role of government grants as a credible 

signal of subsequent VC investment, PE investment, or talent acquisition. 

In the knowledge-based view (KBV) of Kogut and Zander (1992) and Grant (1996a, 1996b), 

proprietary knowledge is the fundamental source of competitive advantage. The overarching 

logic is that firms can extract rents by exploiting knowledge that is proprietary and rare (Arend et 

al., Forthcoming). Thus, firms can obtain a competitive advantage by generating knowledge 

through innovation. In general, firms seeking to grow knowledge will benefit from additional 

funding. Such funding can enable investment in a larger stock of strategic assets (Dierickx and 

Cool, 1989), complementary resources (Barney, 1991), and/or individuals that possess 

specialized knowledge (Grant, 1996a, 1996b). Companies can thus use cash-funding to obtain 

knowledge and resources, that they can then transform into innovation-outcomes by combining 

this specialized knowledge (Grant, 1996a, 1996b). As a result, financial resources may lead to 

value-creating knowledge and competitive advantage (c.f. Lee et al., 2001). In the KBV, 

knowledge can also be relation-specific in addition to firm-specific (Arend et al., Forthcoming). 

In relation-specific knowledge, firms synergistically integrate knowledge with partners. VC and 

PE firms are recognized to provide such knowledge and strategic resources to their portfolio 

companies. For  example, research has documented the addition of managerial capability, 

networks of relationships, formulation and implementation of strategy, and resource related 

benefits (Arikan and Capron, 2010; Ragozzino and Reuer, 2011). 

The remainder of this section presents hypotheses. First, we examine the direct relationships 

between funding sources and innovation. We follow by considering the influence of government 
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grants on subsequent VC or PE investment.  We close with hypotheses on complementarity of 

VC and PE backing with government grants regarding innovation. 

 

The influence of grant funding on innovation 

We predict that government grants positively influence innovation inputs (R&D expenditure), 

outputs (patents), and output quality (patent citations). While there is some evidence that 

government grants encourage innovation inputs and outputs in both the United States (Lerner, 

1999; Toole and Czarnitzki, 2007), and in Europe (Aerts and Schmidt, 2008; Clausen, 2009; 

Colombo et al., 2011), the literature does not address innovation output quality. Thus, our 

arguments focus on output quality but also address innovation inputs and outputs.  

Governments award a variety of grants. We limit our discussion to government grants to 

fund ‘research’ rather than to fund ‘development’ and that are competitive rather than semi-

automatic. For example, the Australian Government describes one such scheme (called 

Commercialisation Australia)  as “a competitive, merit-based assistance program offering 

funding and resources to accelerate the business building process for Australian companies, 

entrepreneurs, researchers, and inventors” (AusIndustry, 2013). The distinction between 

research-grants and development-grants is important as Clausen (2009) shows that the impact of 

subsidies depends on their purpose; grants for ‘research’ complement existing R&D whereas 

grants for ‘development’ substitute for existing R&D. Importantly, research-grants are expected 

to be earmarked for research expenditure, whereas development-grants have no such expectation.  

We argue that grants contribute to innovation. While grant funds are anticipated to lead to 

innovation inputs (being earmarked for that purpose), such funds do not directly provide 

innovation outputs. However, we contend that grants are likely to do so because the grant is 
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competitively judged by a panel of experts. This engenders the firm with an externally validated 

signal of quality that reduces the uncertainty associated with new venture firms by informing 

others of its favorable prospects (Lee et al., 2001). This enhances the firm’s ability to procure 

capable knowledge-resources such as top research staff (Podolny, 1993). Top researchers are 

generally expected to produce more innovation outputs and those outputs are anticipated to be of 

higher quality. As a result, we expect that grant-recipients will have increased financial-capital 

and human-capital that will enable them to achieve higher innovation inputs, outputs, and output 

quality.  Hence: 

Hypothesis 1: Government grants are positively associated with innovation inputs 
(R&D), and outputs (patenting), and the quality of those outputs (patent citations).   
 

The influence of VC/PE firms on innovation 

There are several reasons why VC/PE firms encourage innovation. First, new venture firms 

typically seek VC/PE backing to enable capability enhancement, further development of nascent 

innovations, commercialization, and growth (Rind, 1981). Since innovation is a key path to 

competitive advantage and financial success (Arend et al., Forthcoming), funding will have a 

high probability to be invested in a manner to increase knowledge and innovation. VC/PE 

backing can also generate a credible signal of quality with which to attract innovative personnel. 

Second, VC/PEs ordinarily take an active management role in their portfolio companies, as 

evidenced (in part) by the complex contracts they make (Gompers and Lerner, 1996; Masulis and 

Nahata, 2009). Effective management is critical to generating innovation (Wallace et al., 

Forthcoming). Thus, VC/PEs can direct the company to engage in such activities – which they 

would do based on the expectation that VC/PEs could achieve more favorable exit outcomes by 

encouraging innovation. Third, VC/PEs can improve governance in portfolio companies in order 

to encourage innovation. VC/PEs can replace portfolio companies’ managers (Hellmann, 1998; 
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Hellman and Puri, 2002; Wasserman, 2003) and improve their corporate governance (Krishnan 

et al., 2011; Hochberg, 2012). In so doing, they can direct organizational action toward 

innovation. For example, they can appoint a manager who will pursue innovation (following 

Pollock et al., 2009). Fourth, VC/PEs can learn from their portfolio companies (De Clercq and 

Sapienza, 2005) and can facilitate knowledge sharing between portfolio companies (Humphery-

Jenner, Forthcoming). This external knowledge can help portfolio companies to increase their 

know-how (Kogut and Zander, 1992) and provide improved organizing principles (Galunic and 

Rodan, 1998). This logic follows the KBV, as such support can foster increased integration of 

knowledge (Grant, 1996b) thereby enabling the company to engage in greater innovation.  

There is some empirical evidence consistent with the notion that VC/PEs promote 

innovation. In the U.S., Kortum and Lerner (2000, 2001) find that the level of VC activity in an 

industry significantly increases the industry aggregate level of patenting. Mollica and Zingales 

(2007) support these results, finding that VCs have a significant positive effect both on the 

production of patents and on the creation of new businesses. Similarly, Guo and Jiang 

(Forthcoming) find a positive relationship between VC backing and R&D expenditure in China. 

Lerner et al (2011) examine patenting for American PE buyouts and find that firms invest in 

more influential innovations after being acquired by PEs. In European markets, Popov and 

Roosenboom (2009) find that PE investment increases innovation (patents).  

This prior literature suggests that PEs mainly contribute to innovation outputs (patents) 

whereas VCs mainly focus on increasing the firm’s innovation inputs (R&D). This is because 

PEs tend to invest in later-stage companies and fulfill a role of providing support necessary to 

capitalize on latent innovation. In contrast, VCs tend to invest in younger companies with 

nascent innovativeness and high potential (see e.g. Metrick and Yasuda, 2010). Companies at 
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this stage will increase their knowledge base, competitive advantage, and value by further 

investment in innovation – thus, by increasing R&D expenditure. However, in addition to VCs 

and PEs focusing on innovative growth and applying management capability to a portfolio 

company, they also provide signaling value. Analogous to our arguments for a government grant, 

VC/PE backing also engenders the firm with a credible signal of quality and, in this case, 

legitimacy (Lee et al., 2001). This signal informs others and enables procurement of highly 

capable resources (Podolny, 1993; Kaplan and Stromberg, 2004). Due to this quality signal, VC 

backing will result in the procurement of top research staff and an increase in innovation inputs, 

output, and output quality; extending from our previous arguments for grants. However, PE 

backing will have a different outcome based on the quality signal they provide. PE funds often 

focus on contributing to the management of their portfolio companies (see e.g. Kaplan and 

Stromberg, 2004), with a focus on capitalizing on the latent innovation of portfolio companies. 

Such management skill is essential for producing quality innovation (Bantel and Jackson, 1989). 

Thus, PE funds are likely to increase innovation-outputs. This is because, the knowledge-based 

resources they attract will tend to have commercialization capabilities rather than research and 

invention capabilities. This argument suggests that PE backing will result in increased innovation 

outputs and output quality. Therefore, we propose: 

Hypothesis 2a: VC backing leads to an increase in innovation inputs, outputs, and the 
quality thereof in portfolio companies.  
 
Hypothesis 2b: PE backing leads to an increase in innovation outputs and the quality 
thereof in portfolio companies.   
 

Grants as a substitute or complement of and signal for VC and/or PE backing  

 Following Hypothesis 1, firms with a government grant will, in the due course of time, 

acquire a higher knowledge base and innovation potential. This will be evidenced by higher 
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innovation inputs, outputs, and output quality (R&D expenditure, patents, and patent citations). 

At this stage, after government grant, many new venture firms will be seeking VC/PE backing to 

further increase their knowledge base, competitive advantage, and financial value. At the same 

time, following Hypotheses 2a and 2b, VC/PEs are anticipated to encourage innovation in their 

portfolio companies in order to achieve more favorable exit-outcomes (Rind, 1981). VC/PEs 

seek capital appreciation as this increases the eventual value at which the VC/PE can sell their 

portfolio companies. While capital appreciation may be achieved by growing innovation, it may 

also be achieved in some cases by cutting costs. Costs could be cut by limiting further 

investment in innovation (i.e. R&D) and focusing on commercialization. For example, Engel and 

Keilbach (2007) find that German VC/PEs focus on bringing a company’s existing innovations 

to the market. This possibility has a higher probability for firms having a strong pre-existing 

knowledge and patent base – such as firms in prior receipt of a government grant. So, while 

government grants may provide support to build knowledge or to expedite its building, we are 

left with two related questions. Will having been awarded a government grant increase the 

selection probability for subsequent VC/PE backing? Will government grants substitute for 

VC/PE backing regarding innovation?  

VC/PEs are known to screen investments in order to “cherry-pick” potentially profitable 

portfolio companies (Croce et al., 2013; Rosenbusch et al., 2013). This is because VC/PEs seek 

investment opportunities with high potential that will ideally lead to an IPO event (Matusik and 

Fitza, 2012). However, there is limited evidence on how grants may influence the VC/PE 

investment decision. We contend that, in this decision process, VC/PEs will seek to reduce the 

adverse selection problem arising from asymmetric information between themselves and the new 

venture company. A large literature in information economics indicates that credible signals of 
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quality have substantial influence on a firm’s strategic interactions with other firms and market-

participants (Akerlof, 1970; Spence, 1974; Riley, 2001; Ragozzino and Reuer, 2011), and can 

mitigate issues of information asymmetry that might otherwise influence investment decisions.  

We argue that one such credible signal of quality is the receipt of a government grant. 

The logic of governments offering research grants follows the traditional market failure 

argument (Arrow, 1962). The policy intent is to fund socially beneficial activity where returns to 

private investors are viewed inadequate due to incomplete appropriability and knowledge 

spillovers (Mahoney and Qian, Forthcoming; Arrow, 1962; Clausen, 2009). While a grant is 

relatively costless to the recipient, it could provide a credible signal with which the company can 

attract subsequent VC/PE investment. First, a government grant, by being awarded in a 

competitive process with expert referees, provides an external validation that the firm has 

innovation potential (see e.g. Link and Scott, 2010). Second, the grant signals that the firm was 

already innovative at the time of the grant (Takalo and Tanayama, 2010). Further, the grant 

could provide extra resources to further build the firm’s innovation and knowledge base, as 

suggested above. These arguments indicate that a government grant provides an externally 

validated signal that the firm has a high level of innovativeness; and thus, potential for future 

value. We contend that such credible signals of quality will positively influence the investment 

decision of VC/PEs.  

We argue that VC/PEs will be attracted to new venture firms having previously been 

awarded a government grant. This is an important extension to the idea that VC investment can 

then provide a signal to future potential financiers (Ragozzino and Reuer, 2011). Further, to the 

extent that VCs (more than PEs) tend to focus on innovative startups (see e.g. Metrick and 

Yasuda, 2010), we expect that government grants will encourage VC investment more than they 
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encourage PE investment. This is because VCs tend to invest in early-phase start-ups, which 

typically feature high levels of information asymmetry and for which the signaling benefits of 

grants are likely to be salient. Therefore, we predict: 

Hypothesis 3a: The presence of a government grant (strongly) encourages VC investment. 

Hypothesis 3b: The presence of a government grant encourages PE investment. 

 

Building on Hypotheses 3a and 3b, we next consider if VC/PEs will continue investing in 

innovation in their portfolio companies that previously received a grant. In other words, will 

government grants substitute or complement VC/PE backing regarding innovation? We present 

two arguments that VC/PE backing and grants are complementary in relation to innovation. 

We first expect that the quality signal of a grant stimulates earlier VC/PE investment in a 

portfolio company than would normally be made. This earlier investment enables VC/PEs to 

contribute their skills and expertise at an earlier stage, when such skills may be especially useful, 

thereby complementing the receipt of a grant. A government grant provides an externally 

validated signal that the firm has a high level of innovativeness and potential for value. As 

indicated above, this signal enables VC/PEs to identify new venture firms by mitigating issues of 

information asymmetry that might otherwise deter VC/PE-investment. The impact of a grant will 

be greatest for companies in which the information-asymmetry-problem is greatest: relatively 

innovation-intensive new venture firms. Thus, by ameliorating information-asymmetry-based 

barriers, the grant will encourage earlier investment by VC/PEs. The earlier investment suggests 

the VC/PE will need to continue to invest in R&D. Further, one of the main benefits of VC/PE 

involvement is the contribution of management expertise. The contribution of such expertise, 

especially at an early stage in the company’s life-cycle, should help to increase innovation 
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outputs and quality following the arguments of Hypotheses 2a and 2b. So, while grant recipients 

already have received capital to invest in innovation and knowledge building, this argument 

suggests that VC/PEs will further increase innovation inputs, outputs, and output quality.  

In a similar manner to the argument for earlier investment, we contend that the pre-

screening and credible signals of quality of a government grant reduce perceived investment risk, 

thereby encouraging VC/PEs to continue to invest in innovation in these firms. The receipt of a 

grant helps to mitigate information asymmetry. Reducing information asymmetry enables 

VC/PEs to make decisions that are more informed, thereby reducing investment-risk by reducing 

the likelihood of miscalculating the expected returns (and riskiness thereof) associated with an 

investment. Thus, in a similar way to how reducing regulatory-information-asymmetry 

encourages economic investment (Hadfield, 1994), reducing information-asymmetry in 

companies will increase VC/PE investment in innovation inputs. We further contend that a VC 

or PE will invest in a grant-recipient company and then provide the management resources 

necessary to capitalize on the company’s latent innovative potential. In this way, they support the 

company to convert its knowledge and resources into innovation outputs of high quality (c.f. 

Bena and Li, Forthcoming). In total, the follow-on VC/PE investment will be larger and will 

benefit from the management resources of the VC/PE resulting in increases in innovation inputs, 

outputs, and output quality following the arguments of Hypotheses 1, 2a, and 2b.  

In sum, both the argument for earlier investment and for larger investment, indicate that 

subsequent investment of a VC/PE firm in a portfolio company that has previously received a 

grant will lead to increased innovation (inputs, outputs, and quality). That is, VC/PE investment 

complements the receipt of a grant in relation to innovation: 

Hypothesis 4a: VC backing complements government grants regarding innovation inputs, 
and outputs, and the quality of those outputs.   
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Hypothesis 4b: PE backing complements government grants regarding innovation inputs, 
and outputs, and the quality of those outputs.   

 

DATA AND VARIABLES 

We examine the impact of government grant, VC, and PE backing on firms at the time of listing 

on the stock exchange. We focus on newly public companies so that we can examine companies 

at a similar stage in their life cycle and so that we can obtain data on the company’s financials 

and innovation portfolio. Our sample is comprised of 436 IPOs that listed on the Australian 

Stock Exchange (ASX) between January 1995 and December 2005. There are 61 VC/PE backed 

IPOs. We identify the VC/PE backed firms from Thomson VentureXpert, SDC platinum and 

shareholder information in prospectuses. SDC platinum contains a flag to indicate the presence 

of VC backing at the time of the IPO. We use Thomson VentureXpert to supplement and correct 

any flags in SDC platinum. We obtain IPO prospectuses from the Connect 4 and FinAnalysis 

database. We hand-collect firm characteristics (e.g. size, age, cash flow to sales, ROE, and 

number of employees) from each company prospectus. We source data on government grants 

from AusIndustry, patents from the database held by IP Australia and patent citations from the 

European Patent office, where we manually search each database to hand collect the data. We 

obtain VC and PE attributes from VentureXpert. 

The sample composition by year is shown in Table 1 and in Figure 1. The total sample 

includes 436 IPOs. 5  This drops to 411 IPOs in the models that require VC/PE intensity 

variables.6 Figure 1 shows that there are two major spikes in IPO-activity: 1999-2000 (coinciding 

                                                           
5 The sample size is comparable to (albeit slightly smaller than) the sample sizes reported in studies that examine 
Australian IPOs (Alavi et al., 2008; Suchard, 2009).  
6 This is because VC/PE intensity is the number of VC/PE backed IPO’s in the firm’s industry scaled by the total 
number of IPOs in the firm’s industry. Some industries have no VC/PE backed IPOs and thus are excluded from the 
logit regression models.  
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with the tech-boom), and 2005 (coinciding with the comparatively easy financing, and favorable 

financial conditions, at the time). The time-based variation is consistent with prior evidence on 

time-variation in IPO-activity (Ivanov and Lewis, 2008) and with evidence that VC/PEs often 

time IPOs based upon prevailing market-conditions.  

[Insert Table 1 and Figure 1 About here] 
 

Dependent variables  

We examine innovation inputs, outputs, and output quality. We measure innovation inputs by 

R&D expenditures. R&D expenditures are logical antecedents to innovation outputs. However, 

not all R&D produces tangible outcomes in a given period of time. Nonetheless, the level of 

R&D has been commonly used as a proxy for innovation inputs (Hitt et al., 1991; Lavie and 

Rosenkopf, 2006; He and Wang, 2009).  Thus, we examine the log of one plus the firm’s R&D 

expenditures, ln(R&D +1), and name the variable R&D spend. We measure innovation outputs 

by examining the number of patents and the quality of innovation outputs by the number of 

patent citations at the time of IPO event. The models control for the log of the firm’s age in order 

to control for the influence of time on the number of patents and citations thereto. The models 

that examine patenting also control for the firm’s R&D spend, as R&D expenditure can drive 

innovation outputs. 

We perform additional robustness tests on these dependent variables. In unreported tests, 

we also mitigate concerns that the citations merely reflect the firm’s self-citations to its own 

patents by using an ‘adjusted’ citation measure equal to the number of citations less the firm’s 

number of patents. Further, in unreported tests, we also examine the firm’s patents and patent 

citations scaled by the firm’s R&D spend and find similar results to the baseline patent and 

patent citations models.  
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We acknowledge that the use of patents as a measure of innovative behavior has received 

some criticism for being both under-inclusive and over-inclusive (Engel and Keilbach, 2007). It 

is under-inclusive because not all inventions are patentable. It is over-inclusive because firms 

might simply patent all patentable inventions, whether or not they are commercially viable. 

Nevertheless, using patents is still the dominant approach to measuring innovative output (see 

e.g. Kortum and Lerner, 2000; Kotha et al., 2011). Further, as a proxy for the value and/or 

quality of the patents we also examine the number of citations that the firm’s patents receive (as 

in Ahuja and Katila, 2001; Joshi and Nerkar, 2011).7  

Independent variables  

Our independent variables are indicator (dummy) variables. The variable Grant has a 

value of one if the company received a government grant at a time when it did not have VC/PE 

backing. In all cases where the firm receives both a grant and VC/PE backing, the grant can be 

seen to pre-date the VC/PE backing. We similarly create indicators for whether the company is 

VC backed or PE backed. The VC backed or PE backed indicators equal one if the company 

receives VC or PE backing (respectively) and equal zero otherwise. 

Control variables: Our control variables are in three main groups. The first are variables 

to reflect VC/PE attributes. The second are general firm-level variables that may influence 

innovation. In robustness tests, we also collect data to construct instrumental variables to 

perform two-stage-least-squares regressions.  

We control four VC/PE attribute variables. Overseas Location is an indicator that the IPO 

was backed by a VC/PE that is based outside of Australia. Syndicate is an indicator that equals 

                                                           
7 It might be the case that VC/PE-backed companies have a greater incentive to over-patent than do other companies 
because they might be under more pressure to show progress. However, any over-patenting would generally result in 
low impact patents. Thus, inclusion of patent citations in our models also helps mitigate concerns about over-
patenting.  



19 
 

one if more than one VC/PE invests in the firm. VC/PE size Top 25% is an indicator that equals 

one if at least one of the VC/PE firm’s size (i.e. capital under management) is in the top 25% of 

the sample. Our proxy for the portfolio spread is the ratio of the VC/PEs number of portfolio 

companies scaled by its size (capital under management). As in Krishnan et al (2011), when 

examining individual VC/PE attributes, if the company is not VC/PE backed, we code the 

attributes to a value of zero. In unreported robustness tests, we obtain similar results if we 

analyze these variables for the set of VC or PE backed companies.  

We control for nine firm level characteristics when examining the firm’s R&D 

expenditure, and also control for its R&D expenditure when examining patenting activity. These 

include firm size (total assets), return on equity (net income /book value of equity), leverage 

(debt/assets), and firm age (the number of years between IPO and the founding year in the 

prospectus). We include an indicator that equals one if the firm is a high tech firm as defined in 

Loughran and Ritter (2004), although we note that this variable may not be statistically 

significant after controlling for industry fixed effects. When analyzing innovation outputs (i.e. 

patents and citations) we also control for the firm’s R&D expenditure. 

We also control for the ownership and governance structure. We include Founder is CEO 

to capture whether the founder remains the CEO. The impact of founder-CEOs is unclear. While 

they may be innovative thought-leaders (and thus increase innovation), they sometimes lack 

management skill (which may reduce innovation) and explain why VCs often remove founder-

CEOs (Heger and Tykvova, 2009). We include Blockholder to control for the presence of a 

‘substantial shareholder’ in the company at the time of the IPO. We define a ‘substantial 

shareholder’ as one that owns more than 5% of the company. This captures the role of 

blockholders in improving governance; and thus, in improving innovation (Edmans and Manso, 
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2011). We include CEO % Owned to control for the CEO’s stake (% ownership) in the firm. 

VC/PEs often require entrepreneurial managers to retain some stake or management role in the 

firm in order to incentivize them to continue R&D. Empirical evidence suggests that CEO 

ownership and R&D expenditure are either positively related (Barker and Mueller, 2002) or that 

R&D expenditures increase (decrease) with increasing CEO stock ownership at low (high) levels 

of ownership (Cho, 1998; Ghosh et al., 2007). Finally, we control for concentration of share 

ownership by Top 20 - % Owned. Concentrated ownership is likely to positively influence 

innovation because it reduces agency costs and disciplines managers’ behavior (Hill and Snell, 

1988; Baysinger et al., 1991). We measure ownership concentration as the proportion of the firm 

that the top 20 shareholders own at the time of the IPO. We focus on the ownership of the top 20 

shareholders because companies listed on the ASX are required only to disclose the top 20 

shareholders, and given that disclosure centers around these top 20 shareholders, they have 

special importance (following Birt et al., 2006; Heaney et al., 2011; Azim, 2012). 

Summary statistics and univariate analysis 

The summary statistics are listed in Table 2 and shown graphically in Figure 2. Firms that are 

VC or PE backed generally have higher levels of innovation outputs (patents) and grant 

recipients have higher levels of innovation inputs (R&D), outputs (patents), and quality thereof 

(patent citations). The overall indication, while only suggestive, is that grants, VC backing, and 

PE backing are positively associated with innovation.  

The statistics in Table 2 also suggest that there are some significant differences between 

VC/PE backed companies and non-VC/PE backed companies. VC/PE backed firms have lower 

levels of CEO ownership (consistent with US IPOs in Baker and Gompers, 1999) and higher 

leverage than non-VC/PE backed firms. Firms that receive grant funding are younger and have 



21 
 

lower return on equity than non-grant recipients. We also find that 19.6% of all VC/PE backed 

firms are also grant recipients (27% of all VC backed firms and 4.7% of all PE backed firms). By 

contrast, 7.7% of all non-VC/PE backed firms are grant recipients.  

The similar age and size of VC/PE and non-VC/PE backed firms is consistent with prior 

Australian evidence (see e.g. da Silva Rosa et al., 2003). The results suggest that Australian VCs 

do not take firms public at an earlier stage than non-VC-backed firms, which is in contrast to the 

U.S (Megginson and Weiss, 1991; Krishnan et al., 2008). The similar size of VC/PE and non-

VC/PE backed firms is inconsistent with US markets where Lee and Masulis (2011) find that 

non-VC backed IPO issuers are larger in terms of total assets than VC backed companies.  

The correlation statistics are in Table 3. The statistics indicate that there is a positive (and 

statistically significant) correlation between R&D and patenting. There is also a significant 

correlation between many of the control variables. However, we do check that the results are 

robust to collinearity concerns by ensuring that they hold if we simply omit the controls, or 

replace them with a set of principal components (whose eigenvalues are at least one). 

[Insert Table 2, Table 3, Figure 2 About here] 
 

ANALYSIS AND RESULTS 

This section contains our empirical results. We first examine the relationship of grant, VC, and 

PE funding on innovation. We next examine whether grants can encourage VC/PE investment. 

We close by presenting robustness tests where we mitigate issues associated with endogeneity 

and sample selection. We summarize the hypothesis predictions and findings in Table 4. 

[Insert Table 4 About here] 
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The influence of government grants, VC backing, and PE backing on innovation  

This section presents the primary tests of our hypotheses. In all cases where the company 

receives both VC or PE backing and a grant, the grant precedes the VC/PE backing. Thus, a 

positive coefficient on the interaction term of grants and VC/PE backing indicates that VC/PEs 

are able to build upon the latent innovative capability of the portfolio company. The models for 

Hypotheses 1, 2, and 4 have the following form:  

Innovation     Grant    (1) 

Innovation   Grant    
 (2) 

Innovation Grant

VC  Grant PE  Grant  
(3) 

Where, Innovation represents the measures of innovation (i.e. R&D spend, Patents, or Patent 

Citations),  represents a vector of control variables, and  represents a vector of VC/PE-

specific attributes. The terms  and  represent a set of year dummies and industry dummies, 

respectively, which we use to mitigate concerns about unobserved heterogeneity (as per Gormley 

and Matsa, Forthcoming; Petersen, 2009). The models are Tobit models with a lower bound of 

zero. All models cluster standard errors by industry group. The results are in Table 5.  

We find support for Hypothesis 1. As anticipated government grants are associated with 

significantly higher levels of innovation inputs (R&D spend) and outputs (patents), and higher 

quality outputs (patent citations), see Columns 1 through 9. These results follow our arguments 

and add to the literature on government grants. These results also provide support for 

government policy arguments in favor of such research grant schemes.   

Hypothesis 2a is strongly supported for innovation inputs with mixed support for output 

and output quality. VC backing is associated with significantly higher levels of R&D (see 
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Columns 1, 4 and 7). It is important to note that the coefficients on the direct effects of interacted 

terms, in Columns 7, 8, and 9, are conditional on the other interacted terms being at zero. The 

models for patents (see Columns 2, 5 and 8) indicate a positive relationship until the interactions 

are added. The coefficient -0.394 in Column 8 indicates that firms with VC backing but without 

a grant are not associated with higher patents (outputs). There is evidence that VC backing is 

also associated with lower levels of patent citations (see Column 3). Further, in Column 9, for 

firms with VC backing but without a grant, indicates lower levels of patent citations. In 

unreported tests that exclude all grant recipients from the sample, we also find that VC backing 

is negatively associated with patenting whether or not we control for other fund-level 

characteristics. Overall, this suggests that VCs focus more on increasing innovation inputs and 

facilitate innovation outputs mainly if the company has already invested capital in innovation, as 

manifested by the receipt of a grant. Supporting Hypothesis 2b, PE backing significantly 

increases patenting and patent citations (Columns 2, 3, 5, 6, 8, and 9); however, is associated 

with lower levels of R&D. This finding is consistent with arguments that PEs focus on 

conversion of knowledge into innovation outcomes in later stage companies.  

Hypothesis 4 (a and b) is supported for innovation outputs and output quality but findings 

are mixed for innovation inputs. Thus, VC and PE backing are generally found to be 

complements to government grants. The positive coefficients on the interaction terms ‘VC 

backed x Grant’ and ‘PE backed x Grant’ in Columns 8 and 9 indicate VCs and PEs are able to 

build upon government grants to encourage innovation outcomes. The evidence in Column 7 

indicates that grants tend to reduce the amount that VC-backed companies spend on R&D. This 

indicates that for VCs, prior grant funding acts as a substitute for innovation inputs. A deeper 

investigation of these results can be accomplished by considering the direct as well as the 
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interaction effects. In companies without a grant, the net effect of VC investment on R&D is 

0.286 (the coefficient on the VC Backed indicator). In companies that have a government grant, 

the net effect of VC investment on R&D is 0.008 (= 0.286 – 0.278). Thus, while VCs invest less 

in R&D in firms having a grant, VC backing is positively associated with R&D for both grant 

recipients and non-recipients. Interestingly, Model 9 indicates that VC support results in higher 

output quality for firms having a grant and less for firms without a grant, suggesting that VCs 

build upon the portfolio company’s latent innovative resources. PEs support increases in R&D 

expenditure for both grant recipients and grant non-recipients. Overall, these results suggest that 

VCs and PEs are able to build upon the foundation provided by government grants to increase 

innovation, at least in regards to innovation outputs and output quality.  

[Insert Table 5 About here] 
 
The influence of government grants on VC backing and PE backing  

To examine Hypothesis 3 (a and b), we analyze the factors that determine VC/PE backing. We 

use logit models where the dependent variable is an indicator that the company is VC backed or 

PE backed. The model includes year dummies, industry group dummies, and clusters standard 

errors by industry group (following Petersen, 2009) and has the following form:  

 VC/PE Backing  (4) 
 

Where, VC/PE Backing is an indicator in three separate models that the IPO company receives 

either VC or PE backing, PE backing, or VC backing, Grant is an indicator that the firm received 

a government grant,  is a set of control variables,  is a set of year dummies,  is a set of 

industry dummies, and  denotes the standard error, which we cluster by industry group.   

The results are in Table 6. The receipt of a grant significantly increases the likelihood of 

receiving VC investment, as indicated by the significant, positive, coefficient on the Grant 
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variable in Column 2 of Table 6. The receipt of a grant does not significantly increase the 

likelihood of PE investment (as indicated by the insignificant coefficient on the Grant variable in 

Column 3 of Table 6), but does not significantly decrease it either. VC/PE sector activity (VC/PE 

intensity) significantly increases the likelihood of either VC or PE investment. There is some 

evidence of a quadratic (inverse u-shaped) between PE backing and firm size (measured by 

assets). This suggests that PEs are less likely to invest in very small companies (suggesting some 

aversion of highly speculative companies) but are also less likely to invest in very large 

companies (possibly suggesting some preference for innovative growth). Further, the industry 

average profitability (Ind Ave Return on Equity) is negatively related to VC backing. This 

implies that VCs prefer low-ROE industries which is typical of start-up industries. Overall, these 

results provide support for Hypothesis 3a that grants influence VC investment. However, 

contrary to Hypothesis 3b, government grants do not significantly influence the likelihood of PE 

investment. 

[Insert Table 6 About here] 

Additional robustness tests 

This section contains additional robustness tests. We address concerns that endogeneity and/or 

sample-selection-effects might drive the results. That is, we want to test whether VC/PE backing 

is causally linked to an increase in innovation.  

One way to ameliorate issues of endogeneity is through two-stage least squares modeling 

(Wooldridge, 2002; Greene, 2008). We run two different two-stage least squares analyses that 

differ in the instruments that they use. The first 2SLS method focuses on investment-specific 

instruments and uses the logit models that Table 6 reports. We run the logit models in order to 

obtain predicted values for whether the company receives VC backing or PE backing. We then 
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replace the VC and PE indicators with these predicted values. When running these models, we 

omit the grant dummy in order to avoid collinearity with the grant dummy in the second stage 

model. The second 2SLS method uses a model that is similar in spirit to that in Samila and 

Sorenson (2011). They use the average lagged returns on VC/PEs as an instrument for whether a 

firm receives VC/PE backing. We adopt a similar approach with some limitations due to data 

availability. We create six instruments: Average IRR (internal rate of return) for the VC/PE firm, 

the proportion of IPOs that are high-tech, the proportion of IPOs that have international funding 

in the prior year, the proportion of IPOs that have syndicated investment in the prior year, the 

average investment size to VC/PE size in the prior year, and the average VC/PE size in the prior 

year. These instruments are described in detail in the Appendix. The results of our analyses are in 

Table 7. The main finding is that the VC and PE backing variables have the same sign and 

similar levels of significance to those in the main models. This suggests that our results are 

robust to endogeneity concerns. That is, VC/PE investment is causally related to innovation.  

[Insert Table 7 About here] 

We additionally undertake a sub-sample analysis to help to mitigate endogeneity 

concerns related to time. The core endogeneity concern is that VC and/or PE firms simply cherry 

pick innovative companies before they undertake the IPO, meaning that the relation between 

VC/PE backing and innovation is an artifact of selection rather than causation. The critical 

concern in our analysis is time, because time is required between R&D expenditure and patents 

and between patents and patent citations. Thus, we additionally mitigate this by examining sub-

samples where we exclude any VC/PE backed company that we can identify as having received 

its first round of capital within one, two, or three years of the IPO (for three different sub-

samples). These sets of results also help to mitigate concerns over the limitations of the 2SLS 
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approach to endogeneity concerns (Semadeni et al., Forthcoming; Reeb et al., 2012). We present 

these results in Table 8. The key finding is that the relationship between VC/PE backing and 

innovation is similar in these sub-samples to in the core results. Further, in Table 9, we examine 

indicators that equal one if the company received VC or PE backing at least one, two, or three 

years before the IPO (for three indicators). We find that the longer VC/PE fund has invested in 

the company, the greater is its contribution to R&D, patents, and citations. This result is 

consistent with the VC/PE-innovation relation holding more for longer-horizon investments, 

where the VC/PE can plausibly contribute more to the company’s innovation. 

[Insert Table 8 and 9 about here] 

We also take steps to address sample selection issues by using the propensity score 

approach. For space reasons, we do not report these models (available upon request). This 

approach matches the VC/PE backed IPOs with a sub-sample of non-VC/PE backed IPOs that 

have similar characteristics to the VC/PE backed IPOs. We use the predicted values from 

Equation (4) and for the sub-sample of VC/PE backed IPOs, we construct a distribution of 

predicted values (the ‘prediction interval’). For the sub-sample of IPOs that are not VC/PE 

backed, we then exclude any observation whose predicted value lies in the bottom 5% of the 

previously constructed prediction distribution. Thus, the remaining sample comprises only 

VC/PE backed IPOs and non-VC/PE backed IPOs whose predicted value lies in the prediction 

interval. We also examine sub-sample regressions and focus on the sub-sample of firms whose 

size is in the top 50% of the sample. We test whether VC/PE backing increases innovation in a 

set of firms (large firms) that are less likely to be innovative. The main finding from both of 

these robustness tests is that the results are qualitatively similar. In total, our results hold in 

numerous robustness tests, increasing our confidence in the findings. 
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We further take steps to mitigate concerns over the modeling method. First, given that the 

number of patents and number of citations are count data, we ensure that the results are robust to 

using a Poisson or negative binomial model. The results are also robust to using an OLS model. 

Second, the reported models include indicator variables and cluster standard errors by industry. 

This is consistent with the approach to control for unobserved heterogeneity suggested in 

Petersen (2009) and in Gormley and Matsa (Forthcoming). Nonetheless, we also obtain similar 

results if we use ‘industry adjusted’ dependent variables (which subtract the industry average for 

the dependent variable from the firm’s value of that variable). We also obtain similar results to 

the baseline patents and patent citations models if we examine patents or patent citations scaled 

by the firm’s R&D spend. 

We take steps to address issues with interpreting coefficients in non-linear models, such 

as Tobit. There can be difficulties in interpreting marginal effects (particularly of interaction) in 

non-linear models (Hoetker, 2007; Wiersema and Bowen, 2009). The Tobit model is essentially 

a linear model in which the distribution of the dependent variable is truncated. Thus, the 

concerns in relation to marginal effects are less severe than with logit or probit models. 

Nonetheless, in Table 10, we provide marginal effects, standard errors, and p-values in which we 

explicitly account for the distributional assumptions of the Tobit model. We do this for the 

VC/PE-related variables in Columns 7-9 of Table 5. The main finding is that the signs and 

significance of the core variables are similar.  

[Insert Table 10 About here] 
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DISCUSSION  

The purpose of this investigation was to examine the influence of three funding sources – 

government grants, VC backing, and PE backing – on innovation in new venture (pre-IPO) 

firms. Firms have a choice of funding sources and growing evidence indicates that entrepreneurs 

in new venture firms use discretion in making funding selections (Hsu, 2004). While pure cash-

funding is fungible and does not differ between investors, different capital sources can provide 

different non-pecuniary resources (Park and Steensma, 2012). By utilizing the logic of 

information economics and the knowledge-based view, we hypothesized that grants, VCs, and 

PEs provide several non-pecuniary resources that encourage innovation. Overall, we find general 

support for our hypotheses. Specifically, VC backing is associated with increases in R&D 

expenditure. PE backing is associated with reduced R&D expenditure and increased patenting 

and patent citations. The presence of a grant also encourages VC, although not PE, investment.  

We find that the presence of a government grant has a differential effect on investment by 

VC versus PE firms.  The presence of a grant enhances the impact of VC and PE backing on 

innovation outputs and on output-quality; highlighting that the grant, by mitigating issues of 

information asymmetry, can encourage VCs and PEs to capitalize on the company’s innovation 

potential and can enable them to identify innovative portfolio companies. However, we find that 

for grant recipients, VC backing is a substitute for innovation inputs (R&D expenditure) while 

PE backing is a complement. The finding on VCs is unexpected. Our argument on PE’s is that 

the signal of quality from a government grant supports the decision to invest earlier than would 

typically occur. This results in PEs taking on portfolio companies that will still benefit from 

higher R&D investment. For VCs, we offer a supposition. Our supposition is that the signal from 

a government grant does more than reduce information asymmetry. It conveys prior investment 
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in R&D inputs such that the VC can quickly capitalize on the existing knowledge advantage by 

supporting innovation outputs and output quality as the means by which the VC can create and 

capture value. This would be especially the case for VCs (as opposed to PEs) as VCs tend to 

invest smaller amounts of money in each company than do PEs (see e.g. Metrick and Yasuda, 

2010), resulting in greater capital-constraints in VC-backed companies. Thus, VC-backers would 

focus on investing capital on commercialization, which is where it will create the biggest gain, 

when the company has already invested in R&D.  

 We find that while government grants encourage VC investment, they do not lead to 

subsequent PE investment. The differential impact of grants on VC and PE investment likely 

reflects the tendency of VCs to invest in start-ups, which typically feature greater issues of 

information asymmetry, and for which the signaling benefits of grants are likely to be more 

important. In both of these observations, government grants act as a credible signal of the firm’s 

innovativeness and quality and this signal has a powerful influence.  

In examining the implications of this research for policy makers and managers of new 

venture firms, we also look to our controls for the attributes of VC/PEs. The literature on VC and 

PE backing has acknowledged the heterogeneous nature of VC and PE firms (Bruton et al., 

2010), yet there is a dearth of evidence on how the discernible attributes of VC/PEs relate to 

innovation. Our empirical results8 indicate that this heterogeneity in VC/PEs also significantly 

influences innovation in portfolio companies.9 To draw out this insight we investigate VC/PE 

size (Fund Size Top 25%), syndication, overseas location, and portfolio spread (number of 

companies divided by size of the VC/PE firm). Our results apply similarly to both VC and PE 

firms.   

                                                           
8 See Table 5, Columns 7-9. 
9 We restrict attention to attributes for which we can obtain the necessary data. We acknowledge that we cannot 
examine some relevant factors, such as the contractual relationships between the contracting parties. 
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First, large VC/PEs are associated with increases in innovation outputs and output 

quality. This result is consistent with the idea that larger VC/PEs tend to be more experienced 

and better resourced, placing them in a better position to contribute both financial and 

management resources to the portfolio company. Second, syndicated VC/PEs are associated with 

increases in innovation inputs and with decreases in innovation outputs and output quality. This 

is consistent with the arguments of Chahine et al (2012) who highlight that VC syndication can 

create a ‘bystander’ effect whereby individual VCs rely on the assumption that the other VCs 

engage in monitoring/value-creation, resulting in individual VC/PEs free-riding and causing an 

overall lack of monitoring. Third, VC/PEs from overseas locations are associated with increases 

in innovation inputs and with decreases in innovation outputs. These results are consistent with 

the view that geographic distance impedes collaboration (between companies) and the exchange 

of information (Pirinsky and Wang, 2006; Ragozzino and Reuer, 2011), which would be 

necessary for the VC/PE fund to convert innovation inputs into quality outputs. Fourth, VC/PE 

portfolio spread is associated with decreases in innovation inputs, outputs, and output quality. 

This finding provides further support for the ‘limited attention’ problem where the VC/PE cannot 

devote high levels of attention to each individual company because they spread their resources 

across too many companies (Lopez-de-Silanes et al., Forthcoming).  

 The strength of this investigation lies in its consideration of innovation as the variable of 

interest, because innovation is critical for individuals, firms, and countries and innovation 

influences economic growth, firm performance, and industrial change. However, this study is not 

without limitations. First, as previously acknowledged we use patent data to indicate innovation 

output and patent citations to indicate innovation quality. Future researchers could investigate 

alternative measures of innovation output and output quality, such as trademarks and/or designs. 
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Second, our data is cross-sectional. Even though we studied an eleven year time period, our 

observations were drawn at the time of the IPO event. A longitudinal analysis could provide 

insight into the persistence of the effects of grants and VC/PE backing. Third, future research 

could further consider how the role of VC and PE firms varies across countries with different 

legal regimes and intellectual property laws.  

Our findings make several contributions. First, we contribute to the information 

economics literature by theoretically arguing and empirically demonstrating that government 

grants signal subsequent VC but not PE investment. Our investigation of innovation 

complementarity between forms of funding and our investigation of innovation inputs, outputs, 

and output quality is novel. Our work is consistent with, but extends and complements, recent 

work arguing that pre-IPO funding sources provide a signal to subsequent investors (Ragozzino 

and Reuer, 2011). Second, we contribute to the literature on innovation. We find further support 

for the idea that grants and VC/PE backing can encourage innovation. Our findings contribute to 

the literature because we; 1) add government grants into consideration, 2) separately examine 

both VC and PE backing whereas prior studies tend to focus on VC backing only, and 3) 

examine innovation inputs, outputs, and output quality. Additionally, we contribute to the 

specific literature on government grants, showing that VC/PE investment and government grants 

are generally complements on innovation. However, we show that grants and VC backing are 

substitutes on innovation inputs (R&D expenditure). In addition to providing funding for 

innovation activities, we find that government grants encourage both R&D expenditure and 

subsequent investment by VCs, but not PEs. We also show that together, grants coupled with 

VC/PE backing increase patents and the quality of patents.  
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In total, this research increases understanding of the determinants of innovation in new 

venture (pre-IPO) firms. Our investigation of grants, VC backing, and PE backing in 

combination with our examination of innovation inputs, outputs, and output quality adds unique 

insights into the literature. Our arguments and empirical results will also be of interest to 

managers of new venture firms, managers of VC/PE firms, and policy-makers. Our findings are 

especially important to policy-makers in the light of government schemes that are designed to 

support VC/PE firms to invest in young, high growth firms and can assist governments in 

selecting the types of VCs and PEs that are best suited to increase innovation.  
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Table 1: Sample composition by year 

 

Year All IPOs VC/PE Backed VC Backed PE Backed Grant Recipients 
  [1] [2] [3] [4] [5] 
1995 3 0 0 0 0 
1996 17 0 0 0 4 
1997 27 1 0 1 0 
1998 31 2 2 0 4 
1999 88 14 11 3 7 
2000 105 16 12 4 7 
2001 28 0 0 0 2 
2002 19 2 2 0 2 
2003 23 7 3 4 2 
2004 67 12 5 7 9 
2005 28 7 5 2 4 
Total 436 61 40 21 41 
This table contains the sample composition by year. 
 
 
Table 2: Summary statistics 

 
Variable All VC or PE 

Backed 
VC 

Backed 
PE 

Backed 
Neither VC 

nor PE 
backed 

Grant 
Recipient 

Non Grant 
Recipients 

R&D Spend (AUD 2006m) 0.529 0.621 0.859 0.166 0.515 2.456 0.329 
Patents 1.232 3.393 4.375 1.524 0.880 6.415 0.694 
Patent Citations 0.516 1.179 1.486 0.579 0.411 1.683 0.386 
Founder is CEO 0.385 0.344 0.375 0.286 0.392 0.293 0.395 
Blockholder 0.920 1.000 1.000 1.000 0.907 0.951 0.916 
CEO % Owned 0.184 0.084 0.091 0.069 0.200 0.138 0.189 
Num VC/PEs in Mkt 33.021 32.803 34.500 29.571 33.056 30.488 33.284 
Leverage 0.315 0.497 0.562 0.373 0.285 0.269 0.320 
High Tech 0.140 0.148 0.150 0.095 0.139 0.146 0.139 
Top 20 - % Owned 0.706 0.714 0.733 0.679 0.705 0.735 0.703 
Firm Size (Assets in  AUD 2006m) 111.702 140.178 94.764 226.682 107.070 28.166 120.373 
Return on equity 0.119 0.132 0.008 0.367 0.116 -0.114 0.143 
Firm Age (Years) 11.089 13.373 6.073 27.278 10.718 6.236 11.593 

This table contains the sample means for the sample and for sub-samples of companies based upon whether 
they have VC and/or PE backing or have received a grant.   
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Table 3: Correlation statistics 

 
  A B C D E F G H I J K L M N O P Q R S T 
A R&D Spend 1.00                    
B Patents 0.33 1.00                   
  [0.00]                    
C Patent Citations 0.15 0.48 1.00                  
  [0.00] [0.00]                   
D Grant 0.35 0.25 0.08 1.00                 
  [0.00] [0.00] [0.09]                  
E VC Backed  0.09 0.15 0.07 0.20 1.00                
  [0.05] [0.00] [0.18] [0.00]                 
F PE Backed -0.04 0.01 0.00 -0.04 -0.07 1.00               
  [0.39] [0.84] [0.95] [0.46] [0.14]                
G Overseas Location 0.05 0.00 -0.02 0.12 0.41 0.27 1.00              
  [0.31] [0.92] [0.64] [0.01] [0.00] [0.00]               
H Syndicate 0.06 0.08 0.04 0.12 0.44 0.16 0.33 1.00             
  [0.20] [0.12] [0.45] [0.01] [0.00] [0.00] [0.00]              
I VC/PE Size Top 25% -0.05 -0.01 0.00 -0.05 0.00 0.49 0.40 0.24 1.00            
  [0.34] [0.83] [0.98] [0.26] [0.92] [0.00] [0.00] [0.00]             
J Portfolio Spread 0.00 -0.01 -0.01 0.08 0.59 0.02 0.56 0.36 0.00 1.00           
  [0.99] [0.91] [0.81] [0.09] [0.00] [0.68] [0.00] [0.00] [0.98]            
K Founder is CEO 0.02 0.05 0.08 -0.06 -0.01 -0.05 -0.04 -0.03 -0.08 0.05 1.00          
  [0.69] [0.30] [0.10] [0.20] [0.89] [0.34] [0.36] [0.53] [0.12] [0.30]           
L Blockholder -0.03 0.03 0.03 0.04 0.09 0.07 0.06 0.06 0.00 0.07 0.03 1.00         
  [0.55] [0.60] [0.57] [0.44] [0.05] [0.17] [0.20] [0.19] [0.97] [0.17] [0.59]          
M CEO % Owned 0.04 -0.03 -0.02 -0.07 -0.14 -0.13 -0.10 -0.12 -0.12 -0.04 0.42 0.07 1.00        
  [0.44] [0.54] [0.72] [0.13] [0.00] [0.01] [0.04] [0.01] [0.01] [0.38] [0.00] [0.17]         
N Num VC/PEs in Mkt 0.01 0.00 -0.01 -0.06 0.04 -0.06 0.01 -0.04 -0.02 0.06 0.08 0.05 0.08 1.00       
  [0.92] [0.98] [0.85] [0.18] [0.44] [0.20] [0.84] [0.36] [0.74] [0.21] [0.12] [0.32] [0.10]        
O Leverage -0.07 0.00 0.01 -0.02 0.12 0.02 0.01 -0.01 0.01 0.00 -0.06 0.01 -0.10 -0.02 1.00      
  [0.15] [0.92] [0.82] [0.63] [0.01] [0.67] [0.89] [0.84] [0.85] [0.99] [0.19] [0.76] [0.04] [0.74]       
P High Tech 0.10 0.00 0.09 0.00 0.03 -0.03 -0.04 -0.09 -0.07 0.05 0.12 0.07 0.12 0.17 -0.07 1.00     
  [0.04] [0.95] [0.08] [0.99] [0.60] [0.50] [0.45] [0.06] [0.15] [0.29] [0.01] [0.12] [0.02] [0.00] [0.15]      
Q Top 20 - % Owned 0.06 0.01 0.06 0.06 0.05 -0.04 0.07 0.03 0.03 0.02 0.14 0.27 0.29 0.09 0.00 0.14 1.00    
  [0.25] [0.78] [0.26] [0.23] [0.28] [0.44] [0.12] [0.58] [0.58] [0.74] [0.00] [0.00] [0.00] [0.07] [0.99] [0.00]     
R Firm Size 0.22 0.06 0.09 -0.01 0.11 0.19 0.17 0.15 0.23 0.00 -0.04 0.08 -0.02 0.04 0.11 0.04 0.32 1.00   
  [0.00] [0.24] [0.06] [0.80] [0.03] [0.00] [0.00] [0.00] [0.00] [1.00] [0.46] [0.09] [0.64] [0.36] [0.03] [0.43] [0.00]    
S Return on Equity -0.08 -0.14 -0.06 -0.17 -0.08 0.12 0.14 0.06 0.05 -0.02 0.03 0.09 0.09 -0.06 -0.01 0.00 0.15 0.20 1.00  
  [0.12] [0.00] [0.22] [0.00] [0.10] [0.01] [0.00] [0.25] [0.31] [0.73] [0.52] [0.07] [0.05] [0.20] [0.92] [0.97] [0.00] [0.00]   
T Firm Age 0.10 0.02 0.05 -0.03 -0.07 0.16 0.11 0.06 0.12 0.01 -0.03 0.04 0.05 -0.13 0.00 -0.06 0.12 0.26 0.23 1.00 
  [0.04] [0.71] [0.32] [0.50] [0.14] [0.00] [0.02] [0.21] [0.01] [0.82] [0.58] [0.46] [0.29] [0.01] [0.94] [0.19] [0.01] [0.00] [0.00]  

This table contains the pairwise correlation statistics for the variables. Figures in brackets are p-values. 
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Table 4: Hypothesis predictions and findings  
 
Hypothesis Prediction Relevant Variable(s) Predicted Sign Support 
 
Panel A: Drivers of innovation (Table 5) 

     

   Input Output Quality Input Output Quality 
H1 Government grants are positively associated with 

innovation inputs (R&D), and outputs (patenting), 
and the quality of those outputs (patent citations).   

Grant ⊕ ⊕ ⊕ Yes Yes Yes 

H2a VC backing leads to an increase in innovation 
inputs, outputs, and the quality thereof. 

VC Backed ⊕ ⊕ ⊕ Yes Mixed (no 
without a 

grant) 

Mixed (no 
without a 

grant) 

H2b PE backing leads to an increase in innovation 
outputs and the quality thereof. 

PE Backed N/A ⊕ ⊕ - Yes Yes 

H4a VC backing complements government grants 
regarding innovation inputs (R&D), and outputs 
(patenting), and the quality of those outputs (patent 
citations).   

VC Backed x Grant 
 

⊕ ⊕ ⊕ 
 
 

No Yes Yes 

H4b PE backing complements government grants 
regarding innovation inputs (R&D), and outputs 
(patenting), and the quality of those outputs (patent 
citations).   

PE Backed x Grant ⊕ ⊕ ⊕ 
 

Yes Yes Yes 

 
Panel B: Drivers of VC and PE investment (Table 6) 

     

   PE 
Investment 

VC 
Investment 

 PE 
Investment 

VC 
Investment 

 

H3a The presence of a government grant encourages 
VC investment. 

Grant  ⊕   Yes  

H3b The presence of a government grant encourages 
PE investment. 

Grant ⊕   No   
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Table 5: Multivariate regressions for innovation inputs, outputs, and output quality 

Dependent Variable R&D Spend Patents Patent Citations R&D Spend Patents Patent Citations R&D Spend Patents Patent Citations 
Column [1] [2] [3] [4] [5] [6] [7] [8] [9] 
Grant: Hypothesis 1 1.198*** 7.314*** 7.804*** 1.199*** 7.844*** 10.811*** 1.219*** 3.536*** 3.474*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
VC Backed: Hypothesis 2a 0.069*** 1.083*** -3.421*** 0.183*** 7.755*** 11.713*** 0.286*** -0.394 -125.536*** 
 [0.000] [0.001] [0.001] [0.000] [0.000] [0.000] [0.000] [0.605] [0.000] 
PE Backed: Hypothesis 2b -0.510*** 12.629*** 41.695*** -0.481*** 13.214*** 48.407*** -0.652*** 12.909*** 43.635*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
VC Backed x Grant: Hypothesis 4a       -0.278*** 21.525*** 167.198*** 
       [0.000] [0.000] [0.000] 
PE Backed x Grant: Hypothesis 4b       0.796*** 5.048*** 22.752*** 
       [0.000] [0.002] [0.000] 
Fund Size Top 25%    -0.216*** 7.494*** 10.031*** -0.092 7.021*** 14.211*** 
    [0.001] [0.000] [0.003] [0.168] [0.000] [0.000] 
Syndicate    0.411*** -3.075*** -1.069 0.299*** -4.122*** -4.786*** 
    [0.000] [0.000] [0.452] [0.000] [0.000] [0.001] 
Overseas Location    0.080** -6.707*** 3.397 0.128*** -8.690*** -3.691 
    [0.041] [0.000] [0.168] [0.008] [0.000] [0.217] 
Portfolio spread    -0.830*** -3.409*** -77.017*** -0.799*** -2.383** -76.101*** 
    [0.000] [0.000] [0.000] [0.000] [0.015] [0.000] 
R&D Spend  5.124*** -0.615  4.905*** -2.120***  4.810*** -3.422*** 
  [0.000] [0.221]  [0.000] [0.000]  [0.000] [0.000] 
Founder is CEO 0.117*** 2.929*** -0.899** 0.154*** 3.030*** -0.299 0.158*** 2.757*** -0.203 
 [0.000] [0.000] [0.012] [0.000] [0.000] [0.381] [0.000] [0.000] [0.657] 
Blockholder -0.340*** 3.410*** -5.206*** -0.360*** 3.408*** -5.377*** -0.347*** 3.358*** -3.932*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
CEO % Owned 0.540*** -4.683*** -22.983*** 0.493*** -4.968*** -25.715*** 0.500*** -5.104*** -27.302*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Num VC/PEs in Mkt 0.612*** 2.254*** 18.183*** 0.623*** 3.512*** 23.078*** 0.614*** 2.562*** 21.610*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Leverage  -0.400*** -0.742*** -15.144*** -0.402*** -1.060*** -16.328*** -0.400*** -1.194*** -19.880*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
High Tech 0.490*** 1.939*** 7.191*** 0.478*** 1.383*** 5.959*** 0.476*** 1.863*** 8.464*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Top 20 - % Owned -0.711*** -4.387*** 34.784*** -0.646*** -4.437*** 39.600*** -0.662*** -4.052*** 44.517*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Firm Size 0.310*** 0.141*** 6.109*** 0.294*** 0.174*** 5.672*** 0.298*** 0.178*** 5.043*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Return on Equity  -0.860*** -17.960*** -39.739*** -0.870*** -17.862*** -42.605*** -0.867*** -16.698*** -34.775*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Firm Age 0.191*** 2.433*** 2.070*** 0.197*** 2.491*** 2.621*** 0.192*** 2.470*** 2.192*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Observations 436 436 411 436 436 411 436 436 411 
Pseudo R-Squared 27% 12% 17% 28% 12% 18% 28% 13% 20% 
 
This table analyzes the impact of grant and VC/PE backing on innovation inputs, outputs, and output quality. The models are Tobit models. All models include year dummies, ASX industry group dummies and a constant (suppressed), and 
cluster standard errors by ASX industry group. Brackets contain p-values and superscripts ***, **, and * denote significance at 1%, 5%, and 10%, respectively.  
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Table 6: Determinants of VC/PE backing 

 
Dependent Variable VC or PE Backed VC Backed PE Backed 
  [1] [2] [3] 
VC/PE Intensity 11.673*** 11.551*** 10.859*** 
 [0.000] [0.000] [0.005] 
Ind Ave Return on Equity  -3.220*** -6.248*** -3.251 
 [0.000] [0.002] [0.156] 
Ind Ave R&D/Assets 0.705 2.031 -13.61 
 [0.772] [0.794] [0.342] 
Grant: Hypothesis 3 1.698** 1.758*** 0.249 
 [0.018] [0.009] [0.738] 
Num VC/PEs in Mkt -0.008 1.085** -2.137** 
 [0.975] [0.015] [0.044] 
Leverage 0.407* 0.407 0.221 
 [0.092] [0.107] [0.306] 
High Tech -0.306 -0.365 -0.121 
 [0.681] [0.708] [0.935] 
Firm Size 2.031 -0.613 8.661** 
 [0.296] [0.670] [0.027] 
Firm Size Squared -0.044 0.03 -0.229** 
 [0.423] [0.456] [0.041] 
Return on Equity  0.233 -1.023 0.686 
 [0.593] [0.263] [0.388] 
Firm Age -0.044 -0.19 0.27 
 [0.816] [0.262] [0.492] 
Constant -26.908* -31.766** -30.412 
 [0.098] [0.034] [0.434] 
Observations 369 312 288 
Pseudo R-Squared 30.00% 30.00% 32.00% 
This table examines the factors that determine VC/PE backing. The dependent variable is an indicator that equals one if the firm 
receives VC or PE backing, as indicated in the column title. The model is a logit model, include year dummies and industry dummies, 
and cluster standard errors by industry group. The model also includes a constant term. Brackets contain p-values and superscripts 
***, **, and * denote significance at 1%, 5%, and 10%, respectively.  
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Table 7: Two-stage-least-squares models 

 
Method 2SLS Method 1 2SLS Method 2 
Dependent variable R&D Spend Patents Patent Citations R&D Spend Patents Patent Citations 
Column [1] [2] [3] [4] [5] [6] 
Grant 1.170*** 7.956*** 7.928*** 1.165*** 9.324*** 10.927*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Predicted VC Backed 1.211*** 14.722*** 13.551*** 3.345*** 15.943*** 193.391*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Predicted PE Backed -3.355*** 29.385*** 280.752*** -3.248*** 55.373*** 48.933*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
R&D Spend  5.186*** 1.210***  5.430*** 0.790 
  [0.000] [0.009]  [0.000] [0.165] 
Founder is CEO 0.146*** 4.565*** 5.228*** 0.104*** 3.013*** -3.403*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Blockholder -0.321*** 4.173*** 2.274*** -0.477*** 5.013*** -1.168*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.005] 
CEO % Owned 0.579*** -8.244*** -24.440*** 0.512*** -4.558*** -24.189*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Num VC/PEs in Mkt 0.007*** 0.222*** 0.579*** -0.000 0.272*** 0.241*** 
 [0.000] [0.000] [0.000] [0.297] [0.000] [0.000] 
Leverage -0.449*** -1.684*** -16.137*** -0.410*** -0.384*** -11.324*** 
 [0.000] [0.000] [0.000] [0.000] [0.001] [0.000] 
High Tech 0.461*** 0.752*** 4.068*** 0.511*** 0.614*** 3.567*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Top 20 - % Owned -0.797*** -5.157*** 25.964*** -0.099*** -7.158*** 14.277*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Firm Size 0.336*** -0.945*** 0.448*** 0.261*** 1.056*** 7.087*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Return on Equity -0.687*** -14.279*** -34.524*** -0.789*** -12.167*** -13.971*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Firm Age 0.260*** 1.703*** -2.108*** 0.172*** 2.096*** 1.473*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Constant -11.364*** -95.854*** -206.053*** -9.861*** -143.876*** -342.611*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Observations 436 436 411 366 366 343 
Pseudo R-Squared 26% 11% 16% 25% 11% 13% 
 
 
This table contains regression models that control for endogeneity. The first set of 2SLS models (Columns 1-3) replace the VC/PE 
variables with the predicted values from an estimation of the logit model in Table 6 (with the grant-dummy omitted from the model). 
The second set of models (Columns 4-6) use a model similar to that in Samila and Sorensen (2011). The appendix describes the 
instruments used in the first stage regression. All models contain year dummies, industry dummies and a constant, and cluster standard 
errors by industry group. Brackets contain p-values. Superscripts ***, **, and * denote significance at 1%, 5%, and 10%, respectively.  
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Table 8: Excluding firms with under one, two or three years investment 

 
  Exc Firms with under  

one year investment 
Exc Firms with under  
two years investment 

Exc Firms with under  
three  years investment 

Dependent Variable  R&D  
Spend 

Patents Patent  
Citations 

R&D  
Spend 

Patents Patent  
Citations 

R&D  
Spend 

Patents Patent  
Citations 

Grant 1.245*** 7.909*** 8.188*** 1.244*** 7.758*** 9.253*** 1.265*** 7.803*** 7.129*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
VC Backed 0.151*** 3.752*** 2.166** 0.153*** 3.545*** -3.660*** 0.198*** 2.597*** -3.940*** 
 [0.000] [0.000] [0.040] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
PE Backed -0.370*** 14.915*** 45.088*** -0.327*** 12.589*** 34.715*** -0.570*** 17.089*** 49.157*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
R&D Spend  4.536*** -3.074***  4.535*** -2.728***  4.440*** -3.557*** 
  [0.000] [0.000]  [0.000] [0.000]  [0.000] [0.000] 
Founder is CEO 0.137*** 2.584*** -1.453*** 0.135*** 2.700*** 0.697 0.142*** 3.104*** 2.368*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.121] [0.000] [0.000] [0.000] 
Blockholder -0.357*** 2.662*** -8.075*** -0.356*** 2.762*** -10.850*** -0.337*** 2.785*** -10.662*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
CEO % Owned 0.523*** -4.492*** -29.410*** 0.522*** -4.048*** -29.626*** 0.508*** -4.335*** -31.078*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Num VC/PEs in Mkt 0.712*** 3.900*** 18.895*** 0.717*** 1.453*** -94.238*** 0.787*** 1.104*** -96.657*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Leverage -0.454*** -1.375*** -18.138*** -0.459*** -1.190*** -17.050*** -0.437*** -0.911*** -18.516*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
High Tech 0.480*** 2.413*** 7.341*** 0.479*** 2.562*** 6.893*** 0.461*** 2.229*** 5.903*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Top 20 - % Owned -0.677*** -2.999*** 43.753*** -0.676*** -2.972*** 44.184*** -0.810*** -1.847*** 46.722*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Firm Size 0.306*** 0.279*** 7.146*** 0.305*** 0.347*** 8.650*** 0.321*** 0.479*** 8.878*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Return on Equity -0.880*** -18.335*** -43.532*** -0.873*** -19.867*** -58.066*** -0.810*** -20.040*** -58.745*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Firm Age 0.194*** 2.355*** 2.396*** 0.195*** 2.407*** 1.886*** 0.181*** 2.150*** 1.489*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Observations 419 419 395 417 417 393 410 410 388 
Pseudo R-Squared 27.00% 12.00% 18.00% 27.00% 12.00% 21.00% 28.00% 12.00% 21.00% 

 
This table contains models that focus on the time for which a firm has received investment. Columns 1-3 exclude any firm that we can 
identify as having received under one year of investment from the VC/PE fund.  Columns 4-6, and 7-9 do similarly but for two years 
and three years, respectively. The models are Tobit models with a lower bound of zero. Brackets contain p-values and superscripts 
***, **, and * denote significance at 1%, 5%, and 10%, respectively. All models include year dummies, industry group dummies, and 
a constant (suppressed) and cluster standard errors by industry group.  
 
 



45 
 

 
Table 9: Examining time of investment 

 
 
Dependent Variable  R&D  

Spend 
Patents Patent  

Citations 
R&D  
Spend 

Patents Patent  
Citations 

R&D  
Spend 

Patents Patent  
Citations 

Grant 1.205*** 6.885*** 7.204*** 1.203*** 7.133*** 8.962*** 1.194*** 6.907*** 8.458*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Invest for one year -0.002 8.392*** 19.591***       
 [0.886] [0.000] [0.000]       
Invest for two years    0.018 6.828*** 10.428***    
    [0.234] [0.000] [0.000]    
Invest for three years       0.072*** 7.024*** 12.291*** 
       [0.000] [0.000] [0.000] 
R&D Spend  4.675*** -1.414***  4.731*** -0.285  4.569*** -0.492 
  [0.000] [0.000]  [0.000] [0.572]  [0.000] [0.323] 
Founder is CEO 0.126*** 2.960*** -1.537*** 0.126*** 2.918*** -0.880*** 0.126*** 2.848*** -0.677** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.009] [0.000] [0.000] [0.040] 
Blockholder -0.358*** 3.349*** -4.540*** -0.361*** 3.618*** -2.561*** -0.365*** 3.831*** -2.748*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
CEO % Owned 0.571*** -4.077*** -21.618*** 0.576*** -4.976*** -25.614*** 0.587*** -5.446*** -25.656*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Num VC/PEs in Mkt 0.664*** 2.139*** 17.107*** 0.665*** 2.493*** 20.254*** 0.663*** 1.935*** 19.693*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Leverage -0.419*** -1.399*** -13.154*** -0.421*** -1.314*** -12.523*** -0.425*** -1.330*** -12.750*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
High Tech 0.485*** 2.553*** 5.707*** 0.486*** 2.347*** 4.816*** 0.489*** 2.265*** 4.666*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Top 20 - % Owned -0.665*** -6.050*** 25.214*** -0.665*** -6.244*** 23.554*** -0.666*** -6.756*** 23.574*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Firm Size 0.305*** 0.282*** 6.004*** 0.305*** 0.338*** 5.849*** 0.304*** 0.579*** 5.876*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Return on Equity -0.901*** -16.316*** -22.685*** -0.900*** -15.529*** -19.233*** -0.897*** -15.409*** -18.732*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Firm Age 0.186*** 2.408*** 2.514*** 0.186*** 2.469*** 2.692*** 0.186*** 2.502*** 2.629*** 
 [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] [0.000] 
Observations 436 436 411 436 436 411 436 436 411 
Pseudo R-Squared 27.00% 12.00% 16.00% 27.00% 12.00% 16.00% 27.00% 12.00% 16.00% 

 
This table contains models that examine indicators for whether the company received backing of a VC or PE fund for at least one, two 
or three years (for three separate indicators). We construct these indicators by identifying, from VentureXpert, the companies who 
have received under one, two, or three years of investment. The indicators equal one if we can identify that the company has received 
under that many years of investment and equal zero otherwise. The models are Tobit models with a lower bound of zero. The brackets 
contain p-values and superscripts ***, **, and * denote significance at 1%, 5%, and 10%, respectively. All models include industry 
dummies and year dummies and a constant (suppressed) and cluster standard errors by industry group.  
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Table 10: Marginal effects for the results in Table 5 

 
Variable Marginal Effect Std Err Z-Statistic P-Value 
Panel A: For Table 5 Column 7     
Grant 0.265 0.014 18.640 0.000 
VC Backed 0.048 0.007 6.460 0.000 
VC Backed x Grant -0.040 0.009 -4.420 0.000 
PE Backed -0.085 0.005 -18.350 0.000 
PE Backed x Grant 0.160 0.035 4.540 0.000 
Overseas  0.021 0.008 2.500 0.012 
Syndicate 0.051 0.009 5.360 0.000 
Fund Size -0.014 0.010 -1.430 0.152 
Portfolio Spread -0.124 0.011 -11.690 0.000 
Panel B: For Table 5 Column 8     
Grant 0.497 0.066 7.540 0.000 
VC Backed -0.052 0.100 -0.520 0.602 
VC Backed x Grant 4.303 0.326 13.210 0.000 
PE Backed 2.148 0.231 9.290 0.000 
PE Backed x Grant 0.738 0.254 2.910 0.004 
Overseas  -1.032 0.056 -18.340 0.000 
Syndicate -0.516 0.076 -6.770 0.000 
Fund Size 1.059 0.183 5.790 0.000 
Portfolio Spread -0.318 0.127 -2.500 0.012 
Panel C: For Table 5 Column 9     
Grant 0.128 0.027 4.640 0.000 
VC Backed -2.728 0.176 -15.540 0.000 
VC Backed x Grant 41.086 4.013 10.240 0.000 
PE Backed 2.147 0.307 6.980 0.000 
PE Backed x Grant 0.968 0.145 6.650 0.000 
Overseas  -0.130 0.102 -1.280 0.200 
Syndicate -0.167 0.048 -3.470 0.001 
Fund Size 0.564 0.174 3.230 0.001 
Portfolio Spread -2.742 0.280 -9.810 0.000 
 
This table contains marginal effects, standard errors, z-statistics, and p-values computed in a way that explicitly accounts for the 
truncation of the dependent variable in Table 5. These are computed directly after running the models that generate Columns7-9 in 
Table 5 (as indicated in the panel-title). They are computed with the command “mfx, predict(e(0,.)) varlist(X)” in STATA after 
running the Tobit model, where X denotes the names of the variables for which marginal effects are requested. 
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Figure 1: Number of IPOs by year by backing type  

This figure plots the number of IPOs per year by whether the newly public company receives a government grant or has VC/PE 
backing. 

 
 
 
 

 
 

Figure 2: R&D, patenting, and patent quality by grant receipt and VC/PE backing status 

This figure contains the sample average R&D expenditure (in AUD 2006m) and the number of patents and citations by funding source 
(government grants, VC backing, or PE backing). 
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APPENDIX 
 
We perform a robustness test generally following Samila and Sorenson (2011). Samila and Sorenson (2011) 
examined the relationship between VC/PE backing and entrepreneurship. They use as instrumental variables the 
average lagged returns of VC/PE firms as an instrument for whether a company receives VC/PE backing. They 
argue that this variable should satisfy both the relevance requirement and the exclusion restriction. The 
relevance requirement is satisfied because VC/PE returns determine how much capital VC/PEs can invest, so 
higher VC/PE returns should increase the likelihood of VC/PE investment.  The exclusion restriction is satisfied 
because it is unlikely that the innovative potential from one investment will influence the overall level of 
VC/PE activity in the whole industry. We cannot use the exact instrumental variables of Samila and Sorenson 
(2011) as we lack the data on the returns for most VC/PEs in a given year. However, we do have data on the 
IRRs of funds raised in a particular vintage (in the US, but not in Australia11). For the set of VC/PEs in our 
sample, we also have data on VC/PE firm size, investment size, syndication, and location. Thus, we create the 
following instruments for our 2SLS analysis in Table 6.  

We use the average IRR that accrues to all VC/PEs whose vintage is between 5 years and 10 years before 
the date of the IPO. These VC/PEs are from the US (we do not have IRR data for Australia). We focus on 
returns from VC/PEs raised between 5 and 10 years ago in order to give the VC/PEs some time to invest capital 
and realize returns. This variable should satisfy the exclusion restriction because it is based on global data (not 
Australian data), so the innovativeness of a company in Australia is unlikely to influence the IRRs of VC/PEs in 
other countries. It should satisfy the relevance restriction because many VC/PEs in Australia rely on 
international connections, so the performance of global VC/PE would influence capital availability in Australia.  

We use as an instrument the proportion of IPOs that are high-tech. This variable captures the presence of a 
high-tech environment, which might attract VC/PE activity (so should satisfy the relevance requirement). It 
should satisfy the exclusion restriction because the level of high-tech IPOs should not per se influence the 
innovativeness of any individual company.  

We also construct instruments from various aggregate VC/PE attributes, including the proportion of IPOs 
that have overseas funding in the prior year, the proportion of IPOs that have syndicated investment in the prior 
year, the average ratio of investment size to VC/PE size for IPOs in the prior year, and the average VC/PE size 
for the prior year. The nature of the VC/PE environment might influence the likelihood that a VC or PE decides 
to back a company in Australia, but these aggregate characteristics are unlikely to drive the level of R&D, 
patenting or patent quality in any individual company.  
 

                                                           
11 We can obtain IRRs for 67 Australian VC/PEs (from Preqin). However, we focus on IRRs for U.S. firms because (a) the small 
sample size might lead to inaccurate results that are not representative of the VC/PE environment; and (b) there is evidence of 
increasing internationalization in the VC/PE environment.  


