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1 Introduction 

The literature on entrepreneurial finance is almost unanimous in identifying venture capital (VC) 

as the most appropriate financing mechanism for new high-tech entrepreneurial ventures, whereas 

debt financing is generally considered to be unable to address the specific needs of these nascent 

businesses in highly risky and uncertain markets. Banks usually lack both the competencies required 

to evaluate business ideas characterized by a high degree of technical complexity and the resources to 

effectively monitor these investments (Himmelberg and Petersen 1994, Carpenter and Petersen 2002). 

Collateralized loans are not a solution because the value of a young high-tech company is mostly in 

intangible assets, which normally cannot be used as collateral (Berger and Udell 1998).  

VC firms, instead, are reputed to be able to overcome the inherent difficulties arising from debt 

financing and to alleviate the financial constraints of their portfolio companies (Bertoni et al. 2010, 

2015b). Moreover, VC investors are generally found to create value in investee ventures by providing 

services (e.g., managerial support), performing a coaching function (Gorman and Sahlman 1989, 

Sapienza 1992, Lerner 1995, Kaplan and Strömberg 2003, 2004), signaling a company’s quality to 

external stakeholders and, ultimately, providing these ventures with access to external resources and 

competencies that would otherwise be out of their reach (Stuart et al. 1999, Colombo et al. 2006, Hsu 

2006, Lindsey 2008).  

In principle, the superiority of VC over more traditional forms of external financing should 

provide VC investors with the ability to cherry-pick the best companies. Due to this sorting 

mechanism, the best companies should actively seek VC and should ultimately receive it. Sørensen 

(2007) reports evidence that this positive sorting characterizes the VC market in the United States 

(US), which is the largest and most developed VC market in the world (the US market accounted for 

68% of global VC investments in 2013; see Ernst & Young 2014).  

The primary contribution of the present study is to empirically document and theoretically explain 

that the same type of sorting does not necessarily apply to thin VC markets such as those in most 

continental European countries, where the supply of VC is relatively scarce (EVCA 2010). The 
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European market accounted for only 15% of global VC investments (Ernst & Young 2014), which is 

less than one-quarter the amount made in the US. Moreover, according to the European Venture 

Capital Association (2014), VC investments in Europe in 2013 were only 0.024% of GDP, which is 

less than one-seventh of the 0.17% observed in the US (OECD 2014). In this paper, we argue that the 

mechanisms that describe the matching process in a market as developed as the US do not necessarily 

apply to a thin market such as Europe. 

Our theoretical argument relates to the large body of empirical literature that has tried to 

determine the extent to which the superior performance of VC-backed companies is attributable to a 

positive sorting effect or to a treatment effect (picking winners vs. building winners, in the words of 

Baum and Silverman 2004). More specifically, this empirical research stream focuses on investigating 

whether the success of investee firms is the result of value-added activities performed by VC investors 

or whether it is the natural consequence of the investors’ ability to select good ventures (de Bettignies 

and Brander 2007). Overall, this empirical literature points to a much more economically relevant and 

statistically significant positive sorting effect in the US market wherein experienced VC investors 

select better (i.e., cherry-pick) targets, explaining much of the investees’ subsequent performance 

(e.g., Sørensen 2007, Chemmanur et al. 2011). In contrast, this cherry-picking effect appears to be 

much less present in continental Europe, as documented by an increasing number of studies analyzing 

firm growth and productivity (see, for instance, the works by Engel 2002, Colombo and Grilli 2010, 

Bertoni et al. 2011, Croce et al. 2013).  

A second contribution of our work is to show that the absence of a positive sorting mechanism 

can be linked to another piece of puzzling empirical evidence arising from the functioning of thin VC 

markets: the reluctance of companies to search for VC. The stylized fact that a non-negligible fraction 

of entrepreneurial ventures do not actively seek VC is hardly reconcilable with the evidence that, even 

in Europe, VC exerts on average a significant treatment effect on firm performance (e.g., Bank of 

England 2001, Engel and Keilbach 2007, Peneder 2010, Colombo and Grilli 2010; Bertoni et al. 

2011). If VC is beneficial to entrepreneurial ventures, the question arises as to why entrepreneurial 
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ventures appear to be so reluctant to actively seek it. Some qualitative studies suggest that the search 

for VC investments by entrepreneurial ventures may bear high opportunity costs, particularly in less 

developed markets, and that this may result in self-selection out and consequently in the presence of 

non-allocated funds (dry powder) due to the shortage of available investing opportunities (Mason and 

Harrison 2001, Carpentier and Suret 2006).  

In this paper, we show that VC market thinness reduces the incentive of potential investee 

companies to look for VC. More interestingly, company characteristics influence their tendency to be 

in the market for VC. Specifically, we show that when VC markets are thin, the matching process 

between candidates for VC investment and VC investors is better described as frog-kissing rather than 

cherry-picking. Our model shows that the best performing companies are the least likely to actively 

seek VC, and that VC is more likely to select a company for which its investment can have a large 

effect (i.e., select a frog that can be turned into a prince) rather than to a high-performing company 

(i.e., select the prince himself). Our model is consistent with the evidence that in Europe, high quality 

young high-tech companies self-select out of the market for VC, and that no significant positive 

sorting mechanism by VC is detected. 

We build a two-step matching model between VC investors and young high-tech companies 

which explicitly takes into account a sequential selection process. In the first step, entrepreneurial 

ventures decide whether to seek VC (i.e., to be in the market for VC) or not. In the second step, VC 

investors make their investment decision by selecting among the firms that, in the first step of the 

matching process, entered the market. Firms are characterized by two attributes: their potential growth 

and their available resources. We show that the decision by entrepreneurial ventures to enter the VC 

market depends positively on their potential growth and negatively on the amount of their available 

resources. The most interesting targets for VC investors are firms characterized by high growth 

potential but limited available resources. Companies that have high growth potential and abundant 

available resources, which are the best performing firms, are instead less interesting targets for VC.  
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We label this preference of VC investors for resource-constrained companies as frog-kissing. 

Other things being equal, VC investors prefer investing in a relatively inexpensive frog that can be 

turned into a prince rather than in the prince itself. The thinness of VC exacerbates this pattern, 

leaving in the market for VC only companies with poor performance and in desperate need of 

financing, pushing the best performing entrepreneurial ventures away from this source of financing. 

The paper is structured as follows. In Section 2, we present the empirical evidence inspiring our 

work. In Section 3, we develop a formal matching model between demand and supply of VC and 

explain how frog-kissing arises. Section 4 introduces some extensions of the theoretical model. 

Section 5 concludes the paper. 

2 Empirical Evidence of Self-Selection Out of the Market for Venture Capital 

We present in this Section some figures describing the European context, which suggest the absence 

of any neat and unambiguous cherry-picking effect in the European VC market. We use information 

on 535 European high-tech entrepreneurial firms that replied to an on-line survey administered in 

2010. The data are extracted from the VICO database, which includes detailed firm- and fund-level 

information for a large sample of VC and non-VC-backed firms operating in seven European 

countries: Belgium, Finland, France, Germany, Italy, Spain and the United Kingdom.1 All firms 

included in the sample comply with the gold-standard definition of new technology-based firm 

originally proposed by Arthur D. Little (1977): they are less than 25 years old, were independent at 

foundation, and operate in industries classified as high-tech sectors by the statistical classification of 

economic activities in the European Community (Eurostat, 2009). In the present work, we refer to a 

section of the VICO project on-line survey that was specifically focused on the financing process. 

Two focal questions were asked about the entrepreneurial venture: (a) was equity financing ever 

sought from investors other than company founders, their family members and friends? (b) Has the 

                                                 
1 The VICO dataset was built thanks to the joint effort of nine universities across Europe with the support of the 7th 

European Framework Program. For more details on the procedures used in the data gathering process and on all of the 

variables included in the dataset, see Bertoni and Martì (2011). For more information on the VICO project, please visit the 

dedicated website www.vicoproject.org.  

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

http://www.vicoproject.org/


6 

 

company ever entered into a formal negotiation for equity financing with investors other than 

company founders, their family and friends, and what was the outcome of the negotiation?  

A total of 535 usable questionnaires were received, corresponding to 178 VC-backed firms and 

357 non-VC-backed firms. In the following analysis, we use a time-invariant binary variable 

indicating whether a firm has ever sought VC financing. Out of 535 ventures, 253 (47.3%) have at 

some point actively sought equity financing.  

The self-selection out of the market for VC appears to be particularly relevant in countries where 

the VC market is relatively thin. In Table 1, we report the fraction of companies in VICO that 

confirmed having actively sought VC by country. We also report the placement of each country in a 

ranking compiled by the OECD and based on the ratio between VC investments and GDP (OECD, 

2013). It is interesting to observe that the three countries for which the fraction of companies actively 

seeking VC is below average (Germany, Spain, and Italy) are characterized by the lowest OECD 

ranking (20, 23 and 29, respectively). This evidence lends support to the idea that in thin VC markets, 

companies are less likely to actively seek VC. 

 

[Table 1 about here] 

 

A second interesting piece of evidence comes from determining how many of the top-performing 

companies never actively sought VC. Specifically, we compare the fraction of top-performing 

companies that never sought VC with the fraction of top-performing companies that received VC. The 

two groups are compared along several measures of performance: the logarithmic growth of sales and 

assets, return on equity (ROE), and return on assets (ROA).  

We extract from the VICO dataset all firm-year observations of companies younger than 10 years 

that have never sought VC and those that eventually received VC.2 We normalize the performance 

measures for industry, year and age and classify each observation according to the deciles of the 

                                                 
2 To avoid contaminating our results with the treatment effect of VC, we exclude from this analysis all the observations on 

the post-VC investment period for the VC-backed companies. 
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distribution.3 For each of the two categories of companies, we compute the fraction of firms that 

belong to the last decile of the distribution (i.e., the top performers).4 The results are illustrated in 

Figure 1. A χ2 test documents that there are differences in the distribution of these two categories of 

firms across the deciles of all performance measures. For sales growth χ2(9)=32.48, for assets growth 

χ2(9)=31.14, for ROE χ2(9)= 26.79 and for ROA χ2(9)= 52.11, all with p-value<1%. 

 

[Figure 1 about here] 

 

Approximately 8% of the companies that never sought VC rank in the top decile of both growth 

measures, against between 14% and 16% of the companies that eventually received VC. This result 

suggests that, as one would expect, companies with the greatest growth look for and attract VC. 

However, the picture becomes more mixed when one considers performance measures such as 

profitability (ROE) and efficiency (ROA). On these measures, companies that never sought VC are 

overrepresented among the top-performers. For ROE, 11% of companies that never sought VC are top 

performers, while the figure is less than 8% for companies that later received VC. The difference is 

even more pronounced for ROA: 12% of non-seeking companies are top performers against less than 

6% of companies that later receive VC. In other words, more profitable and efficient companies exist 

among those that never sought VC than among those that eventually received it.  

In sum, this evidence corroborates the view that self-selection out is relevant in thinner VC 

markets and that companies that ultimately become VC-backed in the European VC market are not 

necessarily better performing than those that stay out of the market for VC.  

                                                 
3 The normalization is obtained by regressing the performance measure against industry, year and age fixed-effects and 

taking the residuals of the regression as the normalized performance measure. 

4 Similar evidence is obtained when we take into consideration the top quintile. 
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3 Matching between Investors and Young High-Tech Companies in Thin 

Venture Capital Markets 

In line with Eckhardt et al. (2006), we model matching between investors and young high-tech 

companies as a two-step process. In the first step, an entrepreneurial venture decides whether to 

actively seek VC (i.e., to be in the market for VC). In the second step, a VC investor selects the 

entrepreneurial venture from among those in the market. The VC investor takes the role of an 

informed intermediary (Chan 1983) and is able to overcome asymmetries in information and make 

available to its portfolio companies the resources they need. The key function of VC is thus twofold: 

VC investors, on the one hand, select the firms that will enter into their portfolio and, on the other, 

provide them with access to resources they would not otherwise obtain. These resources are not 

limited to financing but also embrace managerial experience and consultancy services intermediated 

by the VC investor alongside financial resources (Casamatta 2003). 

To highlight this intermediation role of VC and its consequences for the matching process, we 

develop a simple framework in which companies differ along two dimensions: their growth potential 

and their endowment of resources. Companies may obtain additional resources on the market for 

resources, but at a higher marginal cost than for internal resources. The timing of the model is shown 

in Figure 2.  

[Figure 2 about here] 

 

At time 𝑡 = 0, N entrepreneurial ventures are created. Each entrepreneurial venture is 

characterized by a certain growth potential (𝑎𝑖) and by a certain level of available resources (𝑏̂𝑖). The 

parameter 𝑏̂𝑖 captures any typology of resources (of a financial or a non-financial nature) founders 

possess or have access to without having to rely on the market for external resources. For the sake of 

simplicity, we will consider 𝑏̂𝑖 to be a scalar, but the model could easily be generalized to the case of 

multiple types of resources. Each (𝑎𝑖, 𝑏̂𝑖) vector completely characterizes entrepreneurial venture i; it 

is private information of the founders and is drawn independently from a joint probability density 
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function 𝑓(𝑎, 𝑏̂) that is publicly known. Based on the vector of characteristics (𝑎𝑖, 𝑏̂𝑖), the risk-neutral 

founders must decide at 𝑡 =  1 whether they want to incur an entry cost s to actively seek VC. At time 

𝑡 = 2, a risk-neutral VC investor will invest in one company out of those that actively sought VC. 

Finally, at time 𝑡 = 3, entrepreneurs will determine the optimal amount of internal and external 

resources to use. As customary, we solve the game by backward induction. In Section 3.1, we describe 

the first-best and second-best solutions at time 𝑡 = 3 for a stand-alone (i.e., non-VC-backed) firm. In 

Section 3.2, we describe the effect of VC on a firm’s decision at time 𝑡 = 3. In Section 3.3, we solve 

the problem for a VC investor at time 𝑡 = 2. Finally, we solve the decision by entrepreneurs at time 

𝑡 = 1 in Section 3.4.  

3.1 The Choice of a Stand-Alone Firm at 𝒕 = 𝟑 

The amount of resources that are used by the entrepreneurial team is 𝑏 ≥ 0, and eventually, the 

performance of a venture is the combination of its growth potential (a) and the resources it uses (b). 

The revenues generated by an entrepreneurial venture are given by 𝑅(𝑎, 𝑏). Some assumptions are 

made regarding the shape of the revenues function. First, 𝑅𝑎 > 0 and 𝑅𝑏 > 0, which means that 

higher revenues are generated by companies with better growth potential for any given level of 

resources and that abundant resources generate higher revenues than scarce resources for any given 

level of growth potential. We will assume 𝑅(𝑎, 𝑏) to be smooth and to satisfy customary concavity 

and Inada conditions to allow the existence and uniqueness of internal equilibria (namely 𝑅𝑎𝑎 < 0, 

𝑅𝑏𝑏 < 0, lim
𝑎→+∞

𝑅𝑎 = lim
𝑏→+∞

𝑅𝑏 =  0, lim
𝑎→0

𝑅𝑎 = lim
𝑏→0

𝑅𝑏 = +∞).  

Moreover, we assume 𝑅(𝑎, 𝑏) to be supermodular in a and b, i.e., 𝑅𝑎𝑏 > 0. This assumption 

means that as the amount of resources increases, the revenues increase faster in companies with high 

growth potential (𝑅𝑏(𝑎′, 𝑏) > 𝑅𝑏(𝑎, 𝑏), ∀𝑎
′ > 𝑎) and that, symmetrically, if a company’s growth 

potential increases, its revenues increase more when the resources available to the firm are more 

abundant (𝑅𝑎(𝑎, 𝑏′) > 𝑅𝑎(𝑎, 𝑏), ∀𝑏
′ > 𝑏). In Section 4.1 we discuss the relevance of this assumption 

for our main results. 
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In a first-best (FB) world in which firms face no information asymmetry, resources are available 

at a constant marginal cost c such that, eventually, the value of a venture will be ΠFB(𝑎, 𝑏) =

𝑅(𝑎, 𝑏) − 𝑐𝑏. Knowing the marginal cost of resources and the growth potential of the company, 

entrepreneurs will choose an amount of resources for their business bFB(𝑎) such that 𝑅𝑏(𝑎, 𝑏𝐹𝐵(𝑎)) =

𝑐. By differentiating this first-order condition, we find that  

b′FB(𝑎) = −
𝑅𝑎𝑏

𝑅𝑏𝑏
> 0.          (1) 

Thus, supermodularity ensures that bFB(𝑎) is strictly increasing with a; therefore, at the first best, 

more resources will be used by the companies with better growth potential. Overall, the value of a 

firm at first best will be πFB(𝑎) = ΠFB(𝑎, 𝑏𝐹𝐵(𝑎)); differentiating πFB(𝑎) and using the envelope 

theorem, we find the following:  

π′FB(𝑎) = 𝑅𝑎(𝑎, 𝑏𝐹𝐵) > 0.          (2) 

Equation 2 shows that a firm’s value grows together with its growth potential because, at first 

best, resources are always set to a level that is optimal conditional on a. 

At second best, asymmetries in information make the acquisition of external resources more 

costly than the use of internal resources. Founders are naturally endowed with an amount 𝑏̂ of 

resources at time 𝑡 = 0 that they can use when facing an opportunity cost c. To obtain resources aside 

from those owned by its founders, the firm would need to look for them on the market for resources. 

As is customary, we assume the marginal cost of external resources to be higher than c and increasing 

monotonically with the amount of resources obtained (Fazzari et al. 1988). The marginal cost will 

thus be 𝑐(𝑏, 𝑏̂) = 𝑐 + 𝛿(𝑏 − 𝑏̂), where 𝛿(𝑥) is a continuous function that is equal to zero for x ≤ 0 

and is monotonically increasing for x > 0, indicating the additional marginal cost of external resources 

over internal resources. The structure of the problem is illustrated in Figure 3. 

 

[Figure 3 about here] 
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The second-best (SB) profit function will now be given by ΠSB(𝑎, 𝑏, 𝑏̂) = 𝑅(𝑎, 𝑏) −

∫ 𝑐(𝑏)
𝑏

0
𝑑𝑏 = ΠFB(𝑎, 𝑏) − ∫ 𝛿(𝑥)

𝑏−𝑏̂

0
𝑑𝑥. It should be stressed that assuming that the companies are 

endowed with internal resources means that they are not forced to look for external resources to 

conduct their business. When the amount of internal resources is small compared with 𝑏𝐹𝐵(𝑎), a 

company might be willing to obtain expensive external resources to fill the gap.  

It is easy to prove that access to external resources leads to underinvestment. The first-order 

condition at second-best is that bSB(𝑎, 𝑏̂) should satisfy the following condition: 𝑅𝑏 (𝑎, bSB(𝑎, 𝑏̂)) =

𝑐 + 𝛿(bSB(𝑎, 𝑏̂) − 𝑏̂). When 𝑏̂ ≥ 𝑏𝐹𝐵(𝑎), the entrepreneurial team has sufficient internal resources to 

reach the first-best level without any need to look for external resources. When 𝑏̂ < 𝑏𝐹𝐵(𝑎), the 

marginal return of the investment will need to compensate for the higher marginal cost of external 

resources, resulting in 𝑏̂ < 𝑏𝑆𝐵(𝑎, 𝑏̂) < 𝑏𝐹𝐵(𝑎). By differentiating the first-order condition at second-

best and applying the envelope theorem, we find the following: 

∂bSB(𝑎,𝑏̂)

∂a
= −

𝑅𝑎𝑏

𝑅𝑏𝑏−𝛿
′ ≤ b

′
FB(𝑎).         (3a) 

∂bSB(𝑎,𝑏̂)

∂𝑏̂
=

𝛿′

𝑅𝑏𝑏−𝛿
′ ≤ 0.          (3b) 

Condition (3a) derives from the combination of supermodularity in the return function and the 

monotonic increase in the marginal cost of external resources. Condition (3a) shows that for any given 

amount of internal resources held by the entrepreneur, the higher is the growth potential a, the greater 

is the underinvestment (i.e., the distance between the first and second best level of b). Condition (3b) 

shows that underinvestment is greater, other things being equal, when internal resources (𝑏̂) are less. 

Overall, the value of a firm at second best will be πSB(𝑎, 𝑏̂) = ΠSB (𝑎, 𝑏̂𝑖, 𝑏𝑆𝐵(𝑎, 𝑏̂)); 

differentiating πSB(𝑎, 𝑏̂) and using the envelope theorem, we obtain the following:  

∂πSB(𝑎,𝑏̂)

∂a
= 𝑅𝑎(𝑎, 𝑏𝑆𝐵) ≤ 𝑅𝑎(𝑎, 𝑏𝐹𝐵).        (4a) 

∂πSB(𝑎,𝑏̂)

∂𝑏̂
= 𝛿 ≥ 0 .          (4b) 
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Condition (4a) shows that the marginal increase in a firm’s value due to a marginal increase in 

growth potential is less at second best than at first best. The inequality holds strictly when 𝑏̂ <

𝑏𝐹𝐵(𝑎). Condition (4b) shows that the smaller 𝑏̂ is, the greater the spread between πFB and πSB 

becomes.  

3.2 The Role of Venture Capital 

We now introduce into the model the presence of VC. VC is portrayed as an investor that has the 

ability to overcome information asymmetries (Chan 1983) and that is characterized by value-

enhancing abilities (e.g. managerial expertise) to the benefit of the investees (Casamatta 2003). When 

an entrepreneurial venture becomes VC-backed, it moves from a second-best world, in which internal 

resources and external resources are not perfect substitutes, to a first-best world, in which an infinite 

amount of resources are potentially available at a constant marginal cost c. For the sake of simplicity, 

we make the assumption that only one VC investor exists and that it can only invest in one firm. We 

can then think of N as the number of potential firms competing for one VC investment. The more 

developed the VC market is, the lower N will be. Similarly to Sørensen (2007), here VC is assumed to 

be limited in the number of firms it can invest in rather than in the overall amount of resources it can 

provide. The rationale for this assumption is that the costs faced by VC to overcome asymmetries in 

information make diversification an unprofitable strategy (Kanniainen and Keuschnigg 2003). 

Moreover, assuming that VC is a monopoly greatly simplifies the analysis, which would otherwise 

require a more complex but probably less evocative framework (Elitzur and Gavious 2011). We 

extend the model by including a non-competing governmental VC investor in Section 4.2. 

Consider now an entrepreneurial venture i characterized by a vector (𝑎𝑖, 𝑏̂𝑖). What is the potential 

benefit for this firm from obtaining VC? We can compute the increase in the firm’s profits due to the 

presence of VC as 𝐼𝑖 = 𝐼(𝑎𝑖, 𝑏̂𝑖) = πFB − πSB. If (𝑎𝑖, 𝑏̂𝑖) such that 𝑏̂𝑖 ≥ 𝑏𝐹𝐵(𝑎𝑖), VC will not affect 

the venture’s profits; the entrepreneurial team has sufficient resources to bring the company to first-

best, and no external resources will be needed. Accordingly, VC would not provide any benefit to the 
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company. Conversely, for entrepreneurial ventures for which 𝑏̂𝑖 < 𝑏𝐹𝐵(𝑎𝑖), the effect of VC will be 

positive. The effect of VC may be conveniently rewritten as follows:  

𝐼𝑖 = ΠFB(𝑎𝑖, 𝑏𝐹𝐵(𝑎𝑖)) − ΠSB (𝑎𝑖, 𝑏̂𝑖, 𝑏𝑆𝐵(𝑎𝑖, 𝑏̂𝑖)) =

(ΠFB(𝑎𝑖, 𝑏𝐹𝐵(𝑎𝑖)) − ΠFB (𝑎𝑖, 𝑏𝑆𝐵(𝑎𝑖, 𝑏̂𝑖)))⏟                          
Removal of underinvestment 

+ ∫ 𝛿(𝑥)
𝑏𝑆𝐵(𝑎𝑖,𝑏̂𝑖)−𝑏̂

0
𝑑𝑥⏟            

𝐿𝑜𝑤𝑒𝑟 𝑐𝑜𝑠𝑡𝑠
𝑜𝑓 𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒𝑠

.     (5) 

The first term in Equation (5) refers to the increase in value due to the removal of 

underinvestment. The second term refers to the lower cost of external resources in excess of 𝑏̂𝑖. 

Because of Equations (4a) and (4b), it is straightforward to prove that when 𝑏̂𝑖 < 𝑏𝐹𝐵(𝑎𝑖), 𝐼𝑖 is 

increasing with growth potential ai and decreasing with internal resources 𝑏̂𝑖 because both cause 

greater underinvestment and a higher cost of external resources. 

Summarizing, the effect of VC is not the same for all entrepreneurial ventures. For some firms, 

namely those whose founders are endowed with a sufficient amount of resources, VC is useless. For 

firms that are forced to seek external resources, VC has an effect on performance that is greater when 

the company has greater growth potential and a scarcer endowment of internal resources.  

3.3 Venture Capital Selection at 𝒕 = 𝟐 

Consider now that at 𝑡 = 2, 𝑛 ≤ 𝑁 entrepreneurial ventures have sought VC financing. These firms 

would receive a potential benefit from investment equal to 𝐼𝑖. Ventures are ranked over 𝐼𝑖 so that 𝐼𝑖 ≥

𝐼𝑖+1. Because 𝑎𝑖 is private information, 𝐼𝑖, which is a function of (𝑎𝑖, 𝑏̂𝑖), is also the private 

information of the founders of venture i. The founders of venture i do not know 𝐼𝑗 for 𝑗 ≠ 𝑖 but do 

know that other ventures’ vectors of characteristics (𝑎, 𝑏̂) are independently drawn from a joint 

probability density function 𝑓(𝑎, 𝑏̂). In this simplified framework, the competition to obtain VC can 

then be modeled as an auction with private values in which each venture bids for VC by sharing with 

the VC investor a part of the value that VC adds to the venture, 𝐼𝑖. Ruling out the possibility of 

collusion by entrepreneurial ventures and referring to the risk-neutral assumption of the model, the 

revenue-equivalence theorem (Myerson 1981, Riley and Samuelson 1981) makes the auction process 
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for VC irrelevant only if n is known. In our case, n is not known, but a similar result also holds when 

only N is known and entry into the contest is endogenous (Menezes and Monteiro 2000). Therefore, 

without any loss of generality, we can assume the auction to be second-price sealed-bid. In this 

setting, each entrepreneurial venture finds it optimal to bid its own 𝐼𝑖. In turn, if there are at least two 

companies in the market for VC, the VC investor will choose the entrepreneurial venture for which it 

can produce the highest increase in value I1, and the auction price it will pay will be equal to the value 

of the runner-up I2. The VC investor will then internalize a fraction I2/I1 of its effect on firm 1, and the 

rest will be captured by the entrepreneurial team. If the number of companies in the market for VC is 

less than 2, the profit for the VC investor will be zero. 

It is worth stressing that the VC investor does not select ventures merely based upon their growth 

potential a but rather selects based on the combination of growth potential, the extent of 

underinvestment due to limited internal resources, and the extra cost of the external resources 

necessary to maximize its effect. Consider, for instance, the case in which only 2 entrepreneurial 

ventures are in the market for VC, firm A and firm B. Assume that entrepreneurs in firm B are 

endowed with lower resources (𝑏̂𝐴 > 𝑏̂𝐵). Figure 4 illustrates how the choice of the VC investor is 

made in this case.  

 

[Figure 4 about here] 

 

The shaded region in the lower left portion of the plane is a region in which neither of the two 

firms has any advantage from obtaining VC (𝐼1  =  𝐼2  =  0) and, as we will show in the next Section, 

in which neither of the two companies would be in the market for VC in the first place. The solid line 

represents the equation 𝐼𝐴 = 𝐼𝐵. When (𝑎𝐴, 𝑎𝐵) lies in the portion of the plane above the solid line, 

firm B is preferred to firm A. The dotted line in Figure 4 represents the equation 𝑎𝐴 = 𝑎𝐵. The most 

interesting region is that between these two lines. In this region, firm B is preferred to firm A despite 

the fact that it has less growth potential (𝑎𝐵 < 𝑎𝐴) and fewer internal resources. Firm B has a worse 
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pre-investment performance than does firm A (because 𝑎𝐵 < 𝑎𝐴 and 𝑏̂𝐵 < 𝑏̂𝐴) and, if firm A becomes 

VC-backed, it would have better post-investment performance than firm B (because 𝑎𝐵 < 𝑎𝐴). A VC 

investor would prefer firm B to firm A because firm B has a greater improvement in performance if 

VC-backed, and a greater improvement in performance means a greater return for the VC investor. 

Firm A, instead, has a better stand-alone option and will be less disposed to share future profits with 

the VC investor. In other words, in a thin market in which the VC investor acts like a monopolist, 

frog-kissing may become more important than cherry-picking.  

3.4 A Firm’s Decision to Actively Seek Venture Capital 

At time 𝑡 = 1, entrepreneurs must decide whether they want to actively seek VC or not. Let 𝑔(𝐼) be 

the a priori density distribution of I, that is, 𝐼~𝑔(𝐼) and 𝐺(𝑖) = 𝑃𝑟[𝐼 < 𝑖]. Suppose that if an 

entrepreneurial team decides to actively seek VC, it will need to incur an entry cost s. Appendix A1 

shows that in such an auction with private value and endogenous entry, a symmetric pure-strategy 

equilibrium exists in which each venture j seeks VC and incurs entry cost s if:  

𝐼𝑖 > 𝐼 =
𝑠

𝐺(𝐼)𝑁−1
.            (6) 

The threshold 𝐼 in Equation (6) increases monotonically with entry costs and with the number of 

potential competitors in the auction for VC, N. In other words, when entrepreneurs expect severe 

competition to obtain VC (i.e., when N is large), they are more likely to self-select out of the market 

for VC. This self-selection out process could be so strong that the actual number of entrepreneurial 

ventures that decide to enter the market for VC may ultimately be only a very small portion of the 

firms that would potentially benefit from VC.  

It is interesting to point out that high entry costs reduce the profitability of the VC investor, which 

is the following: 

Π𝑉𝐶 = 𝐸[𝐼1 − 𝐼2]⏟      
𝑃𝑟𝑜𝑓𝑖𝑡 𝑖𝑓 
𝑛>1

(1 − 𝐺(𝐼)𝑁⏟  
𝑃𝑟𝑜𝑏.  𝑛=0

− 𝐺(𝐼)𝑁−1(1 − 𝐺(𝐼)𝑁)⏟            
𝑃𝑟𝑜𝑏.  𝑛=1

) .
⏟                          

𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑡ℎ𝑎𝑡
𝑛>1

     (7) 
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Where the first term is the expected profit if n>1 (which only depends on N and on the 

distributional properties of I), and the second term is the probability that the number of companies on 

the market or VC is 2 or greater. It is easy to show that as s increases the profitability of VC decreases 

because of two reasons: the increase in the probability that no company will be on the market for VC; 

and the increase in the probability that only one company will be in the market for VC, exercising 

monopsonistic power. In summary, entry costs harm VC profitability because they decrease 

competition to get VC. 

As shown in section 3.2, I is increasing with growth potential a and decreasing with available 

resources 𝑏̂. These relationships mean that as N increases, only ventures with high growth potential 

(high a) and very limited internal resources (low 𝑏̂) will enter the market for VC. These are the 

entrepreneurial ventures that are the most exposed to underinvestment and not the best performing 

companies. In thin markets, we would thus expect the best performing companies to self-select out of 

the market. The most profitable and productive companies will not actively seek VC, whereas the less 

profitable companies with high growth potential will be the most likely to seek and subsequently 

obtain VC. This prediction is entirely in line with the evidence shown in Figure 1. 

4 Extensions and Generalization of the Model 

In this Section, we introduce some extensions to the model presented in Section 3. In Section 4.1 we 

will discuss how the predictions of the model would change if we assumed submodularity instead of 

supermodularity between resources and growth potential. In Section 4.2, we will elaborate on how the 

presence of a governmental VC could affect the matching process.  

4.1 Relaxing the Supermodularity Assumption 

In Section 3, we have assumed that R(a, b) is supermodular in a and b. This assumption means that 

resources will be more productive (i.e., they will generate higher revenue) when combined with an 

investment opportunity with a better growth potential. Put differently, resources and growth potential 

are complementary inputs in the production function. In this section we study how the predictions of 
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the model would be affected if, instead, R(a, b) was submodular in a and b, i.e. if 𝑅𝑎𝑏 < 0. 

Specifically, we will show that some predictions of the model are reversed, while others are 

confirmed.  

First, because of submodularity the amount of resources used at first-best by the company in 

equation (1) is now decreasing in a, which means that companies with better growth opportunities will 

need fewer resources to achieve them. Similarly, in equation (3a) the amount of resources used at 

second-best is also decreasing with a, which means that underinvestment occurs now for low (not 

high) levels of a. This result means that, under submodularity, the companies with the best growth 

opportunities are not the ones that are financially constrained, which are instead those that have the 

poorest growth opportunities.  

However, equations (3b) and (4b) are unchanged in case of submodularity: small amounts of 

available resources (𝑏̂) result, at second-best, in underinvestment and lower profits. Similarly, 

Equation (5) is unchanged: the impact of VC is the combination of two effects: the removal of 

underinvestment and the lower cost for the acquisition of the additional financial resources. However, 

due to submodularity the companies that will enjoy the greatest impact from VC are those with a low 

level of available resources (𝑏̂) and low (not high) growth opportunities (a). Accordingly, in Figure 4 

the decision criterion of VC would be reversed: B would be preferred over A below (not above) the 

solid line (𝐼𝐴 = 𝐼𝐵).  

Finally, all the results in Section 3.4 are confirmed: entry costs and the number of potential 

competitors will increase the threshold for companies to be in the market for VC. And, similarly, the 

expected profits for VC will decrease with entry costs because of lower competition among investable 

companies.  

In summary, some of the predictions of the model are independent of the assumption about the 

modularity of the revenue function: the companies that are in the market for VC will not be the best 
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performers,5 an increase in entry costs will translate in a reduced deal flow and profits for the VC. 

However, under submodularity the companies that will be in the market for VC will be characterized 

by the worst (not best) growth opportunities, which is the opposite of what predicted under 

supermodularity.  

Overall, the predictions obtained by the model under supermodularity of resources in the 

revenue function are more in line with both our intuition of the functioning of the VC market and with 

the comparative analysis illustrated in Section 2.  

4.2 The Effect of Governmental VC on the Matching Process 

When we introduced VC in Section 3.2, we implicitly described it as an independent VC (IVC). An 

IVC is characterized by purely financial investment objectives achieved through the separation 

between the ultimate investors and the investment managers (Sahlman 1990). IVC is the dominant 

type of VC in the US and in Europe (Bertoni et al. 2015a). However, VC markets are, especially in 

Europe, also characterized by the presence of captive VC investors (Bottazzi and Da Rin 2002). In this 

section, we extend the model presented in Section 3 to illustrate how the matching between investors 

and investees may be influenced by the presence of a specific type of captive VC: governmental VC 

(GVC) (for a comprehensive review of GVC for innovative young firms see Colombo et al. 2014). 

The choice of introducing GVC in the model has two main motivations. First, most GVCs have been 

created with the explicit objective of supporting innovative companies in regions in which the VC 

market is thin (Hood 2000, Bertoni and Tykvova 2015). As a result, it is natural to wonder how a 

GVC would affect the matching process in a thin VC market described in Section 3. Second, GVC is 

the VC investor that exhibits the most strikingly different investment characteristics from IVC 

(Brander et al. 2008, 2015). GVC appears to be specialized in companies that are characterized by 

high investment risk (Cumming and Johan 2009, Buzzacchi et al. 2013, Bertoni et al. 2015a) and 

rarely result in a profitable exit (Cumming et al. 2014). In addition, the impact of GVC on firms 

                                                 
5 The effect is even stronger under submodularity because both 𝑎 and 𝑏̂ are below-average for companies in the market for 

VC. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



19 

 

performance is significantly smaller than IVC’s in terms of productivity, growth and patenting 

(Bertoni and Tykvova 2015, Grilli and Murtinu 2014, 2015).  

In our model, a greater number of IVCs (i.e., a lower N) will make the market less thin, 

increase the deal flow and bring better performing companies on the market for VC. A similar effect 

might be obtained, arguably, if captive VCs similar to IVC were present. However, it is unclear 

whether the same effect may be obtained by introducing in the VC market a GVC, which is shown by 

the literature to be less effective than IVC in terms of impact and selection.  

We explore the impact of GVC on the matching process described in Section 3 by assuming 

that companies in the market for VC, which did not get IVC, will have a probability π of obtaining 

GVC. On the one hand, this assumption means that GVC is non-competitive to IVC: only companies 

that did not get IVC have a probability of obtaining GVC. On the other hand, the fact that π does not 

depend on the characteristics of the company (𝑎𝑖, 𝑏̂𝑖) means that we are assuming that GVC does not 

have any screening ability. Assuming that GVC has a non-competitive nature and no screening ability, 

greatly simplifies the analysis and captures the idiosyncratic difference between GVC and IVC. 

Similarly, we assume that the impact of GVC is less than IVC’s. Specifically, the value enhancement 

from GVC will be a fraction φ<1 of the impact Ii which the company would obtain from IVC. In 

Appendix A.2 we prove the following proposition: 

Proposition 1: In presence of a non-competitive GVC with no screening capabilities and a fraction φ 

of IVC’s value-enhancement ability, a firm j will be on the market for VC if 𝐼𝑗 > 𝐼𝐺𝑉𝐶, where 𝐼𝐺𝑉𝐶  is 

such that: 

𝐼𝐺𝑉𝐶 (𝐺(𝐼𝐺𝑉𝐶)
𝑁−1 + 𝜋𝜑(1 − 𝐺(𝐼𝐺𝑉𝐶)

𝑁−1)) = 𝑠 

𝐼𝐺𝑉𝐶  is less than the impact threshold 𝐼 in absence of GVC. The reduction in the impact threshold 

determines an increase in the expected profit of IVC. 
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Proposition 1 shows that GVC can, indeed, be beneficial in a thin VC market even if it lacks 

any screening ability and it is less effective than an IVC in enhancing the value of the investee 

company. The benefit of GVC comes, in our model, in the form of an increased propensity of 

potential VC targets to be on the market for VC. The threshold beyond which a company decides to 

actively seek VC goes from 𝐼 to 𝐼𝐺𝑉𝐶 < 𝐼. In other words, by giving a second prize to companies that 

are on the market for VC, GVC obtains a result that is the equivalent of a reduction in the entry cost 

(s). 

A less intuitive positive effect of GVC is the increase in the expected profit for IVC. GVC 

increases the deal flow which increases the competition to get IVC. In turn, increased competition 

causes an increase in expected profits for IVC. It is important to highlight that this result is valid under 

the assumption that GVC does not compete with IVC, because the presence of GVC only benefits 

companies that do not obtain IVC. Put differently, companies cannot use GVC to obtain a higher 

valuation from IVC. Studying competition between the two investors is beyond the scope of this 

paper, yet it is interesting to know that, without such competition, in a thin market a GVC may 

actually increase the expected profit for IVC investors through the increased deal flow, which is a 

mechanism that has not received sufficient attention in the literature. 

5 Conclusions 

This paper offers a formal explanation of why under some specific conditions, the best performing 

companies may self-select out of the VC market. We develop a two-step matching model between a 

VC investor and N heterogeneous entrepreneurial ventures. Our analysis shows that entrepreneurial 

ventures willing to be in the market for VC when such a market is thin are not necessarily the best 

performers but instead represent firms with high growth potential and low resources. In this context, 

the intermediation role of VC is better described as frog-kissing (i.e., select the frog that can be turned 

into a prince) than as cherry-picking (i.e., select the prince). 
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The primary contribution of the paper is that it provides a solid theoretical basis for a consolidated 

body of empirical studies that highlight how the treatment effect of VC investments on the 

performance of portfolio ventures is much more prominent in relatively less-developed VC markets 

such as most countries in continental Europe. Conversely, less-developed VC markets appear to be 

characterized by less relevant positive sorting (e.g., Engel 2002, Colombo and Grilli 2010, Bertoni et 

al. 2011, Croce et al. 2013) than has been observed in the US (Sørensen 2007 and Chemmanur et al. 

2011). Our theoretical result strengthens the breadth and robustness of the empirical evidence 

produced on this topic, but it also offers new and interesting insights. In particular, we highlight how 

the intrinsic costs incurred by young high-tech companies to enter a thin VC market might be an 

important factor explaining the frog-kissing market outcome. Thus, to the extent that a) the absence of 

positive sorting mechanisms in the market is detrimental to social welfare and b) high entry costs 

incurred by entrepreneurial ventures in a thin VC market are not totally exogenous to policy action, 

our theoretical effort individuates the lowering of entry barriers to the thin VC market as an important 

channel for policymaking. Accordingly, any policy mechanisms that, particularly at the local level, are 

able to “signal” best performing young high-tech companies and thus automatically lower their search 

costs could prove to be extremely beneficial for social welfare. The “halo” and certification function 

of direct public intervention has been found to hold for entrepreneurial ventures operating in different 

institutional contexts, from the US (e.g., Lerner 1999) to Europe (e.g., Revest and Sapio 2012). 

Therefore, our results suggest that relatively soft inexpensive instruments, such as start-up 

competitions and contests, prizes, selected investment brokerage and other bridging activities, could 

prove to be as effective as other more structured and expensive measures (e.g., grants and selective 

subsidies; see Colombo et al. 2013) by increasing firms’ networking capabilities and/or increasing 

their visibility and appeal to third parties (Nishimura and Okamuro 2011).  

Finally, our model also illustrates a mechanism through which GVC may benefit a thin VC 

market. Specifically, we show that a non-competitive GVC will increase the deal flow and the 

expected profits of IVC even if it is less effective than IVC in its treatment effect and not able to 
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screen the companies based on their characteristics. This result suggests that to the extent to which it 

does not compete with IVC investors on the same deals, a GVC may increase the profitability of VC 

investments in a region, possibly attracting additional investors and triggering the virtuous cycle of 

VC market development.  
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Tables and Figures 

 

Table 1: Country Breakdown of European High-Tech Entrepreneurial Ventures  

 OECD 

ranking for 

VC 

development 

Not actively seeking VC Actively seeking VC Total 

Country No. % No. % No. % 

 

 

      Finland 8 38 51.35 36 48.65 74 100 

United Kingdom 9 29 41.43 41 58.57 70 100 

France 15 38 42.70 51 57.30 89 100 

Belgium 18 20 38.46 32 61.54 52 100 

Germany 20 17 56.67 13 43.33 30 100 

Spain 23 74 60.16 49 39.84 123 100 

Italy 29 66 68.04 31 31.96 97 100 

Total  282 52.71 253 47.29 535 100 

Source: VICO dataset and OECD (2013)  

Figure 1: Fraction of Companies in the Top Decile of Different Normalized Performance Measures 

 

 
Legend. Each bar represents the fraction of companies in the relevant group in the top decile of the respective normalized 

performance measure. We consider two groups of companies: those that never actively sought VC and those that 

eventually become VC-backed. For VC-backed firms we only consider the observations-year before obtaining venture 

capital. Each performance measure is normalized for year, sector and age fixed-effects.  
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Figure 2: Timeline of the Model 

 

 

 

 

Figure 3: Marginal Revenue and Cost of Resources 

 

 

 

Figure 4: VC Selection in a 2-Player Game when 𝑏̂𝐴 > 𝑏̂𝐵 
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 N entrepreneurial ventures are created 

with growth potential 𝑎 and resources 𝑏 

independently drawn from 𝑓(𝑎, 𝑏̂). 

Each venture, knowing its own (𝑎𝑖 , 𝑏̂𝑖), 

the number of potential competitors and 

𝑓(𝑎, 𝑏̂), decides whether to be in the 

market for VC and incur an entry cost s. 

VC selects one entrepreneurial venture 

among those that actively sought it. 

Each entrepreneurial venture chooses the 

amount of internal and external resources 

that it will use. 
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Appendix 

A.1 Proof of Equation (6) 

Equation (6) follows directly from the theory of auctions with endogenous participation (Menezes and 

Monteiro 2000). We provide here a proof adapted to our particular framework. If a venture enters into 

the market for VC, it enters a competition in which, at time t=2, it will only gain if it gets financed. 

The selection process of VC, which has been discussed in Section 3.3, is known by the entrepreneurs 

at time t=1. Let Imax be the maximum impact that VC has on all other N-1 ventures that potentially 

compete for VC. The cumulative distribution of Imax is the following: 𝐻(𝑖) = 𝑃𝑟[𝐼𝑚𝑎𝑥 < 𝑖] =

𝐺(𝑖)𝑁−1. The probability density function of Imax is thus the following: ℎ(𝑖) = (𝑁 − 1)𝐺(𝑖)𝑁−2𝑔(𝑖). 

The entrepreneur knows that 𝐼 is the threshold for participation in the market for VC for all players. 

For 𝐼𝑗 > 𝐼 , the expected gain 𝑉(𝐼𝑗) from being in the market for VC for the entrepreneur is the 

following: 

𝑉(𝐼𝑗) = ∫ 𝐼𝑗ℎ(𝑖)𝑑𝑖
𝐼

𝑜⏟      
𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑔𝑎𝑖𝑛 𝑖𝑓

𝐼𝑚𝑎𝑥<𝐼

+ ∫ (𝐼𝑗 − 𝑖)ℎ(𝑖)𝑑𝑖
𝐼𝑗
𝐼⏟          
𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑔𝑎𝑖𝑛 𝑖𝑓

𝐼𝑚𝑎𝑥>𝐼

.        (A1) 

The first term of equation (A1) derives from the fact that if 𝐼𝑚𝑎𝑥 < 𝐼, no other firm will be in the 

market for VC and entrepreneurs will internalize all the value 𝐼𝑗. The second term in (A1) derives 

from the fact that if 𝐼𝑚𝑎𝑥 > 𝐼, the entrepreneur will have to share some of the value-creation with the 

VC because of competition in the auction. If 𝐼𝑚𝑎𝑥 > 𝐼𝑗, the venture will not be financed by VC and 

will not receive any benefit from being in the market for VC. Both terms of 𝑉(𝐼𝑗) are strictly 

increasing in Ij. The equilibrium level of 𝐼 is thus unique and such that 𝑉(𝐼) = 𝑠. Integrating the first 

term of (A1) (the other being null) leads to the following:  

𝑉(𝐼) = ∫ 𝐼ℎ(𝑖)𝑑𝑖
𝐼

0
= 𝐼(𝑁 − 1) ∫ 𝐺(𝑖)𝑁−1𝑔(𝑖)𝑑𝑖

𝐼

0
= 𝐼𝐺(𝐼)𝑁−1     (A2) 

By equating equation (A2) to s we obtain the following: 

𝐼 =
𝑠

𝐺(𝐼)𝑁−1
. 

Which proves Equation (6). 
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A.2 Proof of Proposition 1 

For this proof we use the same notation as in Appendix A.1. If a venture j enters into the market for 

VC, it enters a competition in which, at time t=2, it will gain from IVC if Ij>Imax or, else, will gain 

from GVC with a probability π. Let 𝐼𝐺𝑉𝐶  be the threshold impact to be on the market for VC. For 𝐼𝑗 >

𝐼𝐺𝑉𝐶 , the expected gain from being in the market for VC for the entrepreneur is the following: 

𝑉𝐺𝑉𝐶(𝐼𝑗) = ∫ 𝐼𝑗ℎ(𝑖)𝑑𝑖
𝐼𝐺𝑉𝐶

𝑜
+ ∫ (𝐼𝑗 − 𝑖)ℎ(𝑖)𝑑𝑖

𝐼𝑗
𝐼𝐺𝑉𝐶⏟                      

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑔𝑎𝑖𝑛 𝑓𝑟𝑜𝑚 𝐼𝑉𝐶

+ 𝜋∫ 𝜑𝐼𝑗ℎ(𝑖)𝑑𝑖
+∞

𝐼𝑗⏟          
,

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑔𝑎𝑖𝑛 𝑓𝑟𝑜𝑚 𝐺𝑉𝐶

    (A3) 

where the first two terms in (A3) are similar to those in equation (A1) and the last term represents the 

expected benefit from GVC. It is easy to prove that the three terms are strictly increasing with Ij, 

which means that the equilibrium level of 𝐼𝐺𝑉𝐶  is thus unique and such that 𝑉𝐺𝑉𝐶(𝐼𝐺𝑉𝐶) = 𝑠. 

Integrating the first and last term of 𝑉𝐺𝑉𝐶(𝐼𝐺𝑉𝐶) (the second being null) leads to the following: 

𝑉𝐺𝑉𝐶(𝐼𝐺𝑉𝐶) = ∫ 𝐼𝐺𝑉𝐶ℎ(𝑖)𝑑𝑖
𝐼𝐺𝑉𝐶
𝑜

+ 𝜋 ∫ 𝜑𝐼𝐺𝑉𝐶ℎ(𝑖)𝑑𝑖
+∞

𝐼𝐺𝑉𝐶
= 𝐼𝐺𝑉𝐶 (𝐺(𝐼𝐺𝑉𝐶)

𝑁−1 + 𝜋𝜑(1 − 𝐺(𝐼𝐺𝑉𝐶)
𝑁−1)).  (A4) 

The equilibrium level of 𝐼𝐺𝑉𝐶  is thus obtained by equating (A4) to s. It is easy to prove that 𝜋𝜑 = 0 →

𝐼𝐺𝑉𝐶 = 𝐼, and that 𝐼𝐺𝑉𝐶  is decreasing in 𝜋𝜑. These two results, combined, prove that: 𝐼𝐺𝑉𝐶 < 𝐼. 

Finally, in presence of a GVC, equation (7) becomes as follows: 

Π𝑉𝐶
𝑊𝑖𝑡ℎ 𝐺𝑉𝐶 = 𝐸[𝐼1 − 𝐼2]⏟      

𝑃𝑟𝑜𝑓𝑖𝑡 𝑖𝑓 
𝑛>1

(1 − 𝐺(𝐼𝐺𝑉𝐶)
𝑁 − 𝐺(𝐼𝐺𝑉𝐶)

𝑁−1(1 − 𝐺(𝐼𝐺𝑉𝐶)
𝑁))⏟                              

𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑡ℎ𝑎𝑡
𝑛>1

> Π𝑉𝐶
𝑊𝑖𝑡ℎ𝑜𝑢𝑡 𝐺𝑉𝐶 .  (A5) 

Where the first term of (A5) is the same as in Equation 7 (because it only depends on N and on the 

distributional properties of I), and the second term is greater than in equation 7 because 𝐼𝐺𝑉𝐶 < 𝐼.  
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Associate Editor’s comments: 

I am happy with the revised version of the paper. I have two remaining comments 

that you might consider. The decision with regard to both of them is ultimately yours. 

First, I still find Section 2.1 (i.e. US vs European VC markets) unnecessary. Please 

consider removing this section. 

Second, the literature review on Governmental VCs is largely based on your own 

papers. Please consider a broader perspective. 

Our Reply 
We agree with both the two remaining comments. We have modified the paper as follows:  

a) Section 2.1 has been deleted  

b) the literature review on Governmental VC has been enriched by other contributions rather than solely 

ours, which resulted in a broader perspective on the topic. 

We are extremely grateful to the associate editor and the two referees for their invaluable comments. 

Best, 

The authors 

Response to reviewer's comments


