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1. Introduction
Venture capital firms (VCFs) have evolved over the last decades to become important investment vehicles for risky start-up companies that would otherwise not be able to receive financing. Venture capitalists (VCs) typically invest in young, innovative and often high technology ventures, where there is a lot of discrepancy between the knowledge of the investor and entrepreneur (Gompers and Lerner, 2001). These highly innovative small firms are important for the economy (Birch, 1987) and as VCFs are more willing to invest in these firms as traditional financial institutions they are important drivers for economic growth. 
If VCFs are that important, the follow-up question logically is what drives the success of these VCFs. In the current literature there have been numerous papers that focus on the organizational characteristics of VC and how it helps them be successful investors in a risky market (eg. Gompers, 1995; Gorman and Sahlman, 1989; Kaplan and Strömberg, 2001), however, less attention has been devoted to the human capital aspects of the people working at VCFs and how that affects performance. 
Although there has been extended research into the effects of human capital characteristics on the organizational outcomes of firms (e.g., Beckman and O’Reilly, 2007; Pennings et al., 1998; Betrand and Schoar, 2003; Gimeno et al, 2003), little attention has been devoted to the effects on financial institutions such as VCFs. For financial firms human capital is an important asset as their employees are their central factor of production. In the case of VCFs, they depend on the knowledge and competencies available in their investment team in order to make the right investment decisions and help develop their portfolio firms. Human capital is thus an important asset for VCFs. 
This paper investigates the role of human capital on the performance of VCFs. We will try to answer this question in several ways. First, we will look at the general effects of human capital on performance. Secondly, we will look at the effects of specific human capital on performance. Specific human capital has a direct influence on the day to day activities of a VCF. Third, we will examine whether heterogeneity of human capital within a VCF affects performance. The goal of this paper is to extend on the current literature on this topic as it is still very limited. Moreover, we try to add a new dimension to the analysis of this topic by investigating the relation between human capital heterogeneity and its effect on performance. 
In the next section we explain the theory that motivates our hypotheses explained in section 3. In section 4 we will describe the data used in our analysis and explain our methodology and variables. In section 5 we will present the results of our analysis. Section 6 will discuss the implications of these results. In section 7 we will reflect on the limitations of our paper and make recommendations for future research. Section 8 will conclude. 


2. Theory
2.1	Venture capital
As said earlier, VCFs play an important role in the development of young innovative firms. Venture capital (VC) can be defined as an independently managed pool of capital that seeks to make equity or equity-linked investments in privately held, usually high growth ventures (Gomper and Lerner, 2000).  Since their investments are risky, VCs sometimes achieve extreme profits and, in turn, are therefore able to offer their investors superior returns. However, VCs not just invest, they also play an active role in managing their portfolio firms. They try to add value to their portfolio firms by performing activities that attempt to mentor (Hellman and Puri, 2000, 2002; Botazzi and Da Rin 2002), monitor (Gorman and Sahlman, 1989) and control their investments (Botazzi et al., 2008) in order to steer those start-up firms in the right direction and to minimize the downside risk. Furthermore, by supporting their portfolio firms in their activities these firms can reach maturity faster as they often no longer need to ‘reinvent the wheel’. The role of VCs is thus more extensive than traditional financial institutions as they play a more important role in the professionalization of their portfolio companies (Gorman and Sahlman, 1989; Bygrave and Timmons, 1992). 
In order to fully understand how VCs add value throughout their investment process one needs to understand what VCs do. The investments activities of VCs can be divided into two stages: the pre-investment stage, in which the VCs screen and select adequate portfolio companies and the post-investment stage, where the VCs monitor, mentor and possibly control the portfolio firm in order for the firm to yield profits eventually. Though the latter post-investment stage seems more important, in fact, it is important for the VCF to excel in both stages in order to be truly successful. 
The pre-investment phase is important, because the VCs need to select the potentially next blockbuster company that will give them extraordinary rewards. Recognizing the next Google, Facebook or Twitter is a difficult matter. VCs need to rely on their knowledge of the market and previous experience in order to make the right decisions. The pre-investment stage entails activities that include the setting up and signing of an investment contract, determining whether new venture proposals meet screening requirements, conducting due diligence and developing a relation with the entrepreneur (Dimov and Shepherd, 2005). Furthermore, during the pre-investment stage the VCs try to mitigate potential principle-agent problems by extensively screening firms and setting up risk minimizing contracts (Kaplan and Strömberg, 2001).  
In the post-investment stage VCs focus on mentoring, monitoring and controlling the portfolio firms up to the point of exit, in which the VCs reap their returns. Once promising firms have been selected, the VCs attempt to make this company successful in order to achieve profits and keep their investor satisfied. Post-investment activities of VCs include, for example, finding and recruiting top management, introducing the company to helpful business contacts, finding co-investors for immediate or follow-up investments (Dimov and Shepherd, 2005), help formulate strategies and help develop strategic alliances (Sandberg, 1986). Since VCs often have extensive experience in the field of investments the VCs also function as a sounding board for management ideas and are a valuable form of advice (Lerner, 1994; 1995; Sweeting, 1991; Dimov and Shepherd, 2005). 
2.2 	The role of human capital in VCFs
As people are the central factor of production for VCFs human capital is important. All VC activities heavily rely on the capabilities of the VCs involved. VCs thus need to be experienced and capable to deal with complex issues on a daily basis. Human capital can be defined as the sum of the individual characteristics of the employees of a firm, including characteristics such as age, ethnicity, gender, education and experience. These individual characteristics can have an influence on production. For VCs this means that human capital in their firm can help them to offer better services to their portfolio firms and make better investment decisions in order to achieve higher profits. 
For the analysis of this paper I limit the meaning of human capital to the competencies and knowledge of the employees of the VCF. These competencies and knowledge are the results of past experiences of employees and arise over time. There are clear measurement issues regarding these aspects of human capital. It is difficult to measure or predict exactly what kind of competencies and knowledge individuals have. To tackle this issue we will resort to the analysis of previous work experience and formal education as an approximation of these aspects. Hambrick and Mason (1984) hypothesize that work experience and education can function as proxies for deep-level characteristics of individuals, as they have a large influence on those characteristics. In the case of competencies and knowledge, these aspects are largely determined by previous experience and education making them a good approximation measure (Hambrick and Mason, 1984). However, it would still be an approximation as there are other unobservable factors that have an influence.
2.3 	Literature on the relation between human capital and VC 
The relation between human capital and VC fund performance is a fairly new topic within the financial literature, let alone VC literature. An early paper by Dimov and Shepherd (2005) investigated the relation between human capital in VCFs and the success and failure rates of their portfolio firms. They find that specific human capital, human capital that is directly related to the basic activities of VCs such as business, law and consulting experience, could help explain the number of failures amongst portfolio firms. For instance, law and MBA education and consulting experience reduced the number of failures, whereas, surprisingly, law industry experience increased the number of bankruptcies. Though some expected relations did not appear to be significant, there seemed to be an overall relation between human capital and the number of successes and failures of VC portfolio firms.  
Zarutskie (2010) conducts a similar research, investigating the effect of the educational and work backgrounds of the venture partners on the firm’s performance. In her paper Zarutskie looks at general and specific aspects of human capital on the performance, but this analysis also yields mixed results. Though some specific aspects of human capital were found to be significant, such as consulting and to a lesser extent engineering and non-venture finance experience, others yielded no significant results. Moreover, also counter-intuitive results were found. Investment teams with a higher number of partners with an educational background in MBA were expected to perform worse. A possible explanation for this phenomenon could be that having an MBA no longer adds to the dynamics of the team, as the majority of the people working at VCFs have an MBA. 
In related literature Botazzi et al. (2008) find that human capital is an important determinant for VC activism. In turn, more active VCFs perform better than less active counterparts. Jackson et al. (2010) find similar results to that of Botazzi et al. (2008), while using a similar approach. Here too, VC activism is a predictor for higher investment return. However, Jackson et al. (2010) also posit that overextending the firm’s portfolio will lead to profit destruction, because spreading the value-adding activities to thin results in a quality decline of these services (Jackson et al., 2010). Furthermore, Gompers et al. (2005) look at what the role of VC experience is on the investment behavior of VCFs and entrepreneurship. They find that VC experience enhances the chance of success of a portfolio firm, because they can identify better entrepreneurs more easily.
In the current literature results have been sporadic at best, as different factors of human capital have had an influence on performance. Furthermore, the research into this topic has been limited.  Though there have been reasons to believe that industry experience and education do have an effect on the performance of VCs more research is needed to verify results that have been previously discovered, and to better understand the relation between human capital and VCF performance. 
2.4 	Human capital and the effect on VCF performance
When trying to explain the effect of human capital on VC fund performance we need to take into account upper echelon theory (e.g. Hambrick and Mason, 1984; Finkelstein and Hambrick, 1996), as well as the resource-based view of the firm (Barney, 1991; Peteraf, 1993) besides regular human capital theory (Zarutskie, 2010). The fundamental premise of the upper echelon theory is that the actions and decisions of the top management teams (TMT) have an impact on firm performance. Upper echelon theorists also suggest that the TMTs set out the direction of the firm’s strategy and influence the competition in the industry (Pegels, Song and Yang, 2000). The behavior of the TMT is influenced by their characteristics, for example, gender, work experience, education and beliefs (Hambrick and Mason, 1984). However, the actions that result from the characteristics of the top managers are not always necessarily desirable. For instance, when a manager is reluctant to change and be innovative, he or she won’t perform well in a cutthroat market and fall behind, while he or she would perform well in other markets (Hambrick and Mason, 1984). In the case of VCs it explains why venture partners contribute to the firm’s performance. In VCFs the partners make the investment decisions and take responsibility towards their financiers. When there are more competencies and knowledge available amongst the venture partners, the probability that they are able to respond correctly to issues and make the right decisions increases, positively influencing performance. 
The resource-based view suggests that performance is associated with the availability of unique, inimitable and valuable resources within the firm (Barney, 1991; 2001; Amit and Schoemaker, 1993). These resources consist out of three categories: physical (Williamson, 1975), organizational (Tomer, 1987) and human capital resources (Becker, 1964). Peteraf (1993) adopts a Ricardian view that resources are intrinsically different across firms. Firms with superior resources are able to leverage these resources to achieve a lower average cost and thus acquire a competitive advantage. Through the access to resources that are unavailable to competitors, firms can thus achieve a sustained competitive advantage (Barney, 1991). 
Understanding these theories does not necessarily explain why higher levels of human capital would benefit the performance of VCs in particular. Human capital is important for VCs, since their activities are service-based and thus rely heavily on the availability of competencies and knowledge within the firm (Dimov and Shepherd, 2005). As service investments firms, VCs generally exploit their human and organizational capital resources to compete with other VC firms and achieve high returns. In human capital theory any higher level of human capital infers that people or organizations are able to do their work better, because they have more knowledge and a broader skill set (Schultz, 1961; Becker, 1962). For VCs this is most likely the same. Since their activities are broad and they have to deal with a large array of issues on a daily basis, a higher general level of human capital would imply a higher possibility of better performance. For VC firms the previous work experience of their venture partners is an important source of human capital assets. Often venture partners have hands-on experience in managing and developing innovative start-up firms. These experiences can play an important role in making their portfolio firms successful. 
Having certain skills or knowledge can yield advantages as suggested by the resource-based view of the firm (Barney, 1991; 2001; Peteraf, 1993), especially when these skills and knowledge are indeed difficult to imitate or transfer (Barney, 1991). For example, the stock of knowledge of organization or person contains both explicit knowledge as implicit knowledge (Dimov and Shepherd, 2005). For VCs it is especially implicit or tacit knowledge that is important. Explicit knowledge can be easily shared between people of organizations, where tacit knowledge tends to be difficult to transfer. Therefore, it tends to stick to particular people or organizations (Dimov and Shepherd, 2005). Tacit knowledge can yield advantages over competitors. For instance, when a venture partner has extensive experience with the semi-conductor industry, this knowledge can result in better support to portfolio firms operating in that industry. When working together, people can transfer this tacit knowledge across the organization so that the organization as a whole can utilize this knowledge and benefit.  
According to the resource-based view of the firm and upper echelon theory we expect a relation between human capital and VC fund performance. Intuitively, having more knowledgeable and competent venture partners in the investment team seems important. In the following part we will go more into depth on how human capital can influence VC performance and define our hypotheses accordingly. 


3. Hypotheses development
In this paper we divide human capital into general human capital and specific human capital. Specific human capital refers to theories such as that of Gibbons and Waldman (1999), Lazear (1995), Kletzer (1989) and Neal (1995) that suggest that experience in a certain job or industry enhances the performance of the worker in that particular job or industry. The same should hold for VCs. When they have more experience in the core activities of the VCF then they are more likely to be better able to deal with issues and make the right decisions. Though higher levels of general human capital might contribute to firm performance, specific human capital can be directly applied to the firm’s core business activities and might thus be more relevant for the investment process. On the firm level this at the least partially seems to hold. Gompers et al. (2005) find that VCFs with higher levels of experience in the VC market have more successful portfolio firms, because they can identify better entrepreneurs more easily. 
3.1	Hypotheses on the effects of specific human capital on VCF performance
As VCs are involved in many different activities throughout their investment process, it is complicated to determine what type of previous functional experience can be attributed to specific human capital. In similar papers, Zarutskie (2010) suggest that specific human capital can be split up in task-specific and industry-specific measures. Task-specific human capital is specific to the two primary activities of VCFs, namely managing a VC fund and running a start-up, while industry-specific human capital refers to theory that experience in a certain job or industry will benefit the employee in that kind of job or industry regardless of the firm. For instance, strategy or management consulting is relevant for the VC industry, while not necessarily have something to do with the two primary activities of a VCF: running a start-up or managing a VC fund (Zarutskie, 2010). Zarutskie selected the industry-specific measures on the basis of what previous work experience occurred most often amongst the venture partners, namely, strategy or management consulting, professional science or engineering or non-venture finance. Dimov and Shepherd (2005) do not distinguish between task- and industry- specific human capital. Here the authors attribute industry experience in law, finance and consulting and education in business and law as measures of specific human capital, where Zarutskie (2010) considers education as general human capital. Hence, there are not only differences in what previous work experience or education other literature considers as specific human capital, but also in how these measures are defined. 
In this paper I do not distinguish between different types of specific human capital such as industry- or task-specific human capital. On the basis of pre- and post-investment activities of VC I select the following three measures as determinants of specific human capital; financial industry, consulting industry and senior management experience. Having experience in the financial sector, including the VC industry, benefits VCs in structuring the investment deal (Dimov and Shepherd, 2005) and managing the fund. Consulting experience can help VCs identify problems, advice on business or management issues and help formulate strategies. Fund managers with experience as a CEO or senior management have extensive experience in running a business, which is relevant for the management of the VCF. Furthermore, venture partners with previous experience as senior managers can share their knowledge of running a business with managers of portfolio firms, which can those entrepreneurs, develop and run their companies. Though other factors might also influence VC activities I select these measures as they provide direct benefits to VC activities throughout the whole investment process. 
I depart from attributing law (Dimov and Shepherd, 2005) and professional science or engineering industry experience (Zarutskie, 2010) as specific human capital. Though I realize that experience in both the legal and technological industry is relevant for the activities of VCs, I do not believe that they contribute as much as experience in the earlier mentioned industries. Law experience helps in setting up and finalizing contracts (IPO or exit) and in due diligence, but besides that has little influence on the daily activities of VCs. It can be argued that technological industry experience is important for VCs as their portfolio companies are often technological in nature. Having such experience can assist the start-up in developing their product and help identify the best innovative technological start-ups to invest in. Both legal and technological experience does not contribute to the majority of VC activities, though they do can be beneficial at certain stages. Since law and technological experience do not contribute directly to VC activities throughout the entire investment process, I do no attribute it as specific human capital. 
Since financial, consulting and senior management experience contribute the most to the activities of VC throughout the investment process, the first hypothesis is as follows:
Hypothesis 1a: Higher levels of specific human capital in namely a) financial industry b) consulting industry and c) senior management experience among venture partners have a positive influence on the VCF’s performance. 
Though not having defined engineering and professional science experience as a measure of specific human capital, the potential benefit of having engineering or science experience is considerable. VC firms often invest in highly technological start-ups, in which experience in that field can yield substantial advantages. Furthermore, during the collection of the data it became apparent that VC teams often invested in industries in which the venture partners had extensive experience. This is not an unexpected phenomenon, as, due to their experience, they are more able to identify potential risks and rewards of start-ups in that particular industry. We attribute similar effects to law experience. However, as law experience was not gathered in the dataset used for our analysis we cannot test this assumption. We adopt an additional hypothesis only on the effects of technological industry or professional science experience alongside the hypothesis of specific human capital. 
Hypothesis 1b: Having more venture partners with experience in the professional science and engineering industry has a positive influence on the VCF’s performance. 
3.2	Hypotheses on the effects of general human capital on VCF performance
Having defined the measures of specific human capital and the predicted effects upon the performance of VC funds, we now turn to explaining the effects of general human capital on the performance of VCFs. We define general human capital as human capital that is not inherent to the activities of the firm, but could provide operational benefits to the employees. Even though some work experience or formal education has nothing to do with VC activities, having those experiences and knowledge can still benefit the solving of issues or deliver services to portfolio firms. 
We measure general human capital as the formal education of the venture partners. Despite the fact that, some authors consider education as a possible measure of specific human capital (eg. Dimov and Shepherd, 2005), we refrain from the use of education as a specific human capital measure due to the theoretical nature of education. Education does offer its participants useful knowledge and some skills, however, often more practical skills and knowledge for a particular job or industry are acquired through work experience. Furthermore, the skills learned during one’s education are often not intrinsic to a particular job or industry. Therefore, they are better attributed to general human capital than to specific human capital. Education, used as proxy for general human capital, has been known to have positive relations with aspects of performance such as firm growth (Cooper et al., 1994) and opportunity discovery (Davidson and Honig, 2003). Similarly, regarding the effect of education on VC fund performance we expect a positive impact. During one’s education that person acquires useful knowledge and skills that can benefit work performance and provide the foundation for the obtaining new knowledge and competencies. 
The fields of study of the venture partners are not extensively categorized in the data set used for the analysis of the paper. Education is categorized into business, science or engineering and other[footnoteRef:1] types of education. Furthermore, it is noted when partners have completed studies in different fields. For instance, it is possible to identify whether a VCF has partners that completed a business and a science or engineering study. This is useful as it could help indicate synergy effects between business, science and engineering or other studies. Although, previous studies have reported some unexpected irregularities of the effects of business education on VC performance (Zarutskie, 2010)[footnoteRef:2], We expect a positive effect of business education. Business education can help VCs understand the business processes and management issues of a company and advise them accordingly. Having a technological[footnoteRef:3] education can aid venture partners in identifying potentially successful technological start-up firms and provide advice to those firms. Although other studies are not specified directly it can be assumed that those studies, although perhaps not related to the VC industry, provide some benefit to VCs, as suggested by human capital theory. Therefore, a positive relation between studies other than business and science and engineering and VCF performance is expected, albeit lower than business and science and engineering as the nature of the study is less related to the core activities of VCs. This leads to the following hypothesis:  [1:  This includes studies such as law, humanities, languages and international studies. ]  [2:  Zarutskie (2010) finds that a higher number of MBAs within the VC firm has a negative impact on performance. Zarutksie theorizes that due to the overall high number of MBAs among venture partners, the effect of having an MBA has disappeared. ]  [3:  Technological education consists out of university level science or engineering education. ] 

Hypothesis 2a: Having higher levels of general human capital in a) business, b) technological or c) another higher level education among venture partners has a positive influence on the VCF’s performance. 
In addition to this hypothesis we theorize that people with education in different fields will reap more benefits from their education than those with only one field of study. For VCs a business education combined with a science or engineering education theoretically would potentially yield the most benefits as it would indicate the availability of useful knowledge within those venture partners. However, since human capital theory suggests that all additional knowledge and competencies yield benefits for performance, the hypothesis is as follows:
Hypothesis 2b: Having higher levels of venture partners with more than one type of education in different fields of study has a positive effect on the VCF’s performance. 
3.3	Hypotheses on the effects of human capital heterogeneity on VCF performance
There are, however, conceptual problems with these hypotheses. When a company accumulates new human capital, similar to that already existent in the company, it might no longer yield any improvements to performance or at a decreased rate. Suppose a VC has a lot of partners with a financial background and is currently investing in high technological start-ups. Acquiring someone who has extensive experience in finance seems redundant as that person would no longer add as much new competencies or knowledge to the existing set. The most logical thing to do is to involve people with technological experience in the VCF and diversify in the knowledge base and competencies of the firm. Hence, we suggest that human capital heterogeneity potentially influences VCF performance. 
Diversification or heterogeneity of human capital and its effect on performance is a rather undeveloped topic in the strategic literature. Hambrick and Finkelstein (1996) suggest that diversity in the demographic characteristics of the TMT, as proposed by Hambrick and Mason (1984) as a proxy for deep-level characteristics, may be associated with performance. If, in fact, these demographic characteristics influence behavior than it is most likely it has an influence on performance (Carpenter, 2002). However, empirical results for the relation between top management team characteristics and performance have been ambiguous and led some researchers to conclude that further research into this topic is futile (West and Schwenk, 1996; Priem, Lyon and Dess, 1999). West and Schwenk (1996) could not replicate any performance results, from former studies on demographics and performance, such that they argued top management team characteristics to be unreliable measures for firm performance, although these non-findings could also have been caused by idiosyncratic strategies of the firms in their data (West and Schwenk, 1996: p. 575).  Another study reported a negative relation between top team heterogeneity and innovation (O’ Reilly and Flatt, 1989; O’Reilly, Snyder and Booth, 1993), which can be argued as an important driver for performance. Also, communication issues might arise in heterogeneous teams potentially lowering firm performance (Ancona and Caldwell, 1992; Smith et al. 1994). The relationship between human capital heterogeneity and organizational performance is controversial. 
There are two opposing theories on the relation of team heterogeneity and performance. The theory in favor of heterogeneity is the cognitive diversity hypothesis, which receives counterarguments based on the similarity-attraction theory. The cognitive diversity theory posits that team heterogeneity, in terms of expertise, experiences and perspectives, positively relates to performance, because of the unique cognitive abilities that the members bring to the team (Cox & Blake, 1991; Hambrick, Cho, and Chen, 1996). Heterogeneous team are supposedly superior to their homogenous counterparts as they tend to be more innovative, creative and problem solving, leading to superior results (Horwitz and Horwitz, 2007), this is contradicting to earlier literature (O’ Reilly and Flatt, 1989; O’Reilly, Snyder and Booth, 1993). The similarity-attraction theory suggests that heterogeneity leads to a worsening in social integration as team members tend to socialize more with people that share demographic characteristics, such as age, gender, ethnicity and expertise (Byrne et al., 1966; Lincoln and Miller, 1979), negatively impacting efficiency. Moreover, homogenous teams tend to work well together due to their shared characteristics, which positively influence performance. 
Carpenter (2002), on the other hand, argues that the effects that these characteristics have on performance might disappear when the strategic and social context of the firm are excluded from the analysis. Since industries are inherently different from each other some characteristics may be positively associated with performance in one industry, while being negatively associated with performance in another or the effect might even be nullified completely. The same holds for team diversity. Whereas, homogenous teams that work together well and are stable might perform well in some industries, other industries will demand teams that are creative, innovate and solve problems as they become apparent. Carpenter (2002) suggests that TMT heterogeneity benefits performance in complex environments (see also Hambrick and Mason, 1984; Priem, 1990), though he acknowledges the fact that heterogeneity can have adverse effects on integration and communication. 

In the case of VC the industry is a complex environment to say the least. VCs tend to focus on high risk, highly volatile and often fast-moving young industries and thus have to be flexible and adaptive to their surroundings. The positive attributes of team diversity posited by cognitive diversity theory, such as being more innovative, creative and problem solving, thus seem to be important aspects for VC activities. Moreover, having a more diverse set of competencies and a broader knowledge base is not only relevant for current activities, is it also important to facilitate the adaptation of new knowledge (Cohen and Levinthal, 1990). Though integration and communication problems could possibly negatively affect performance, we theorize that the potential benefits of heterogeneity are larger. Furthermore, venture partners generally do share some similar characteristics. Often, venture partners are characterized by being male, slightly older and experienced in engineering, finance or senior management. This could help solve or prevent communication and integration problems, while still creating a unique set of cognitive abilities due to heterogeneity in experiences and education. Hence, the third hypothesis:
Hypothesis 3a: Having higher levels of heterogeneity in human capital among venture partners in a VC team positively affects VCF performance. 
This hypothesis can even be taken one step further. While looking into heterogeneity we are still dealing with specific and general human capital aspects. Hypothesis 3 focuses on heterogeneity on the general level of human capital within the VCF rather than at the specific level. Though potentially benefitting performance, heterogeneity in specific human capital might have stronger effects than general human capital heterogeneity as it focuses on the core activities of the VCF. As mentioned earlier, stronger effects can be expected when focusing on human capital aspects that can be directly related to the firm’s core activities.
Hypothesis 3b: Having higher levels of heterogeneity in specific human capital among venture partners in a VC team affects VCF performance more strongly than general human capital heterogeneity. 
On these hypotheses the analysis in this paper will be based. The following section will elaborate further on the methodology used in this analysis and explains the data set and the variables used. 
4. 
Sample and Variable explanation
4.1 	Data sources and sample explanation
The data we use in this paper is constructed out of a variety of sources. Our primary source is a hand-collected dataset on the educational and functional backgrounds of partners at investment firms, of which the majority are VCFs and business angels, which was gathered in 2011. The selection of companies and individual investors investigated in this research was based on information that was available on Crunchbase[footnoteRef:4]. From the Crunchbase data a selection was made containing individuals and companies that had invested in technological companies more than 2 times between the period of 2004 and 2010. In this analysis data on the functional and educational backgrounds of venture partners at 849 companies were reviewed.  [4:  Crunchbase is a free database containing information about technological companies, people and investors that can be edited by the public. It contains information on companies, their products, who invests in certain companies, and information about individuals active for technological or investment companies. Crunchbase is associated to the well-known technological blog Techcrunch, ] 

Relying solely on data from Crunchbase and the backgrounds of the venture partners resulted in several functional problems for our analysis. First, constructing a way to measure VCF performance proved cumbersome relying on Crunchbase data alone. Crunchbase data offers the opportunity to check whether portfolio companies have been exited, however, data on exits is scarce. Secondly, since Crunchbase is a database that is open for editing by the public it is possible that the information shown in profiles is incorrect, incomplete or not up to date. Moreover, information on funding rounds and portfolio companies is very limited for some institutions or individuals that were reviewed. For some VCFs information on only several funding rounds in only a few startup companies was available within Crunchbase. Due to the large amount of missing information in Crunchbase we resorted to the use of an additional database, namely the VentureXpert database by Thomson Economics.
In the VentureXpert database the exit status of portfolio firms is better defined and a more powerful measure for VCF performance can be constructed. Furthermore, the VentureXpert database has more extensive information on companies and their funding rounds and has less missing information. When matching the presence of companies in both the hand-collected dataset on functional and educational backgrounds and the VentureXpert database, 675 out of 849 companies could be found[footnoteRef:5].  [5:  Business angels are excluded from this analysis and are also not present in the ventureXpert database. ] 

In addition to the presence in both datasets further selection criteria were made for the final sample for our analysis. First, we selected all first round investments between the third quarter of 2001 and the third quarter of 2006. We choose this time span as the investments need time to mature in order for the VCF to exit. Typically funds exist for 10 years and the investments are done in the first three years of the funds life. With this time span we give the investments 5 to 10 years to mature. We only select first round investments from this period as startups receiving later investment rounds during this period have already established a track record and are more likely to exit. Secondly, we include only funds that are categorized as VC funds and exclude funds that focus on LBO or mezzanine investments. In the hand-collected dataset also private equity firms, focused on buyout and mezzanine investments, and large corporations were included that had invested in technological companies. Third, we include only VCFs that operate mainly in the United States. The VC landscape differs between continents such as North America, Europe and Asia (e.g. Botazzi and Da Rin, 2004; Mayer, Schoors and Yafeh, 2005). As the majority of firms originate from the United States and the VC industry the largest there, we choose to investigate that particular VC market. We select firms based on the location of their headquarters as defined in the ventureXpert database. Fourth, we include only VCFs that have no missing information on the backgrounds of the venture partners and portfolio firms of which the current ‘exit status’ is known. Furthermore, we include only VCFs that have invested in a sufficient number of portfolio firms. With a low number of portfolio firms it will become difficult to determine the VCF’s performance.  Hence, only VCFs with known investments in 5 or more portfolio firms are included. 


4.2 Variable Explanation
4.2.1	Measures of performance
To capture the performance of VCFs we implement a two-way mechanism. We look at both the number of ‘successful’ exits of portfolio firms and the number of failures. We denote ‘successful’ exits as the proportion of companies that were either acquired or went public or are announced to do so and failures as the proportion of portfolio firms that went bankrupt. Information on the status of portfolio firms was obtained from the VentureXpert database as of Q3/2011. We regarded a ‘successful’ exit if the company’s status was listed as ‘Acquired’, ‘Went Public’, ‘In Registration’, ‘Pending Acquisition’ or ‘LBO’[footnoteRef:6] and a bankruptcy if the status was noted as ‘Bankruptcy – Chapter 11’, ‘Bankruptcy – Chapter 7’ or ‘Defunct’ in the VentureXpert database. Though it cannot be determined for certain whether a company that was acquired or that went public were truly successful investments as the net return is not stated, having a portfolio company going public or being acquired is an indicator of a successful exit.  [6:  LBO is short for Leveraged Buyout. ] 

4.2.2	Measures of functional and educational backgrounds
In order to analyze the effects of functional and educational backgrounds on the performance of VCFs we gathered data on the human capital of venture partners at VCFs. Most notably, this entailed information on the previous work and educational experience of these partners, but also information such as the number of female partners, the size of the total investment team and the investment stage preferences of the VCFs. Among the VCFs there were alternative titles to indicate whether someone was a partner such as ‘partner’, ‘director’ or ‘principle’. Furthermore, while in some firms ‘director’ or ‘principle’ denoted whether someone was a partner, this wasn’t the case in other firms, sometimes making it difficult to determine who the partners in a firm were. In cases of doubt, extensive additional checks were conducted to verify whether that particular person was indeed a partner. In the dataset used for this analysis the backgrounds of 1761 venture partners across 220 VCFs are recorded, averaging 8 partners per firm. 
To obtain information on the educational and functional backgrounds of each partner we employed several methods. Typically, we resorted to biographies that were often available on the websites of the VCFs that we were reviewing. If these biographies were absent or contained insufficient information we resorted to other sources such as Crunchbase, Linked-in or Zoominfo[footnoteRef:7]. If none of these primary sources yielded the needed information, other sources available online were used.  [7:  Crunchbase® often contains information on partners of VCFs. Linked-in® often contains information on previous work experience and education of the people that are registered at Linked-in. Zoominfo is a biography search engine that gathers information on particular individuals from websites on the internet®. ] 

 The functional backgrounds of the venture partners are denoted into five categories: “Financial”, “Consulting”, “Senior Management” and “Technical Industry or Professional Science” experience. If a partner had experience in one of the fields or positions it was recorded as such, regardless of the time he or she spend in this industry or position. Financial experience indicates whether the partner previously had a job in the financial industry, such as at a bank or a private equity or VCF. Consulting experience indicates whether the partner previously worked in the management or strategy consulting sector. Senior management experience denotes whether the partner had previously been a managing partner or chief executive, such as the CEO, CFO or CTO at another firm. Technological industry or professional science experience indicates whether the partner had previously worked in a technological industry, such as the semi-conductor, internet, cleantech or consumer electronics industry or worked as a professional researcher in a technological field. 
The educational backgrounds of the venture partners are denoted into three categories, namely “business”, “science” and “other education”. Business education includes university degrees in both business and economics. Science education includes university degrees in both natural sciences and engineering. Besides categorizing whether the partner has completed a business, science or other type of study, it also denotes whether the partner has completed a combination of the three, such as a business and a technical study. This allows for the possibility to measure more specifically what educational background has an effect on performance and whether there are synergies between two particular educations. Furthermore, we construct an additional variable that measures the fraction of venture partners in a particular firm with two or more university degrees in order to test whether having partners with multiple degrees benefits performance. 
4.2.3	Measures of human capital heterogeneity
For the second set of hypotheses we employ the Herfindahl index to measure heterogeneity among the experiences of venture partners[footnoteRef:8]. The Herfindahl index is often used to measure concentrations of market shares. For our analysis it allows us to observe the level of heterogeneity of the venture partner’s experiences as it indicates whether there are concentrations in particular experiences among the VC partners. The Herfindahl index is constructed taking the sum of the squared market shares denoted by M1, M2…Mn. Hence, the formula is as follows: [8:  The Herfindahl index is also known as the Herfindahl-Hirschman index. ] 


In our example the market shares are exchanged with the proportions of experience of the venture partners in a particular area. We use the same areas of experience used in our first and second set of hypotheses for both functional and educational backgrounds[footnoteRef:9]. The shares in each experience or education are calculated by taking the proportion of experience or education in a particular field compared to the total experience or education in all fields used to calculate a specific Herfindahl index.  [9:  For work experience we use financial, consulting, senior management and technological industry or professional science experience and for educational experience we use business, technological or science and other education experience. ] 

We use four different variables in our analysis in order to be able to answer our hypotheses on human capital heterogeneity. The first variable is a Herfindahl index measuring the heterogeneity of the functional background. For this variable we use the shares of financial industry, consulting, senior management and technological or professional science experience. Secondly, we construct a similar variable with the shares of educational backgrounds in business, technological and other studies. The last two Herfindahl indexes are used to calculate the difference in the effect of specific and general human capital heterogeneity on VCF performance needed to answer hypotheses 3b. Our third Herfindahl index measures the heterogeneity of specific human capital characteristics as stated earlier in section 3, namely financial industry, senior management and consulting industry experience. Our fourth Herfindahl index measures general human capital heterogeneity by using the shares of technological industry experience and educational backgrounds in business, technology and other studies. 
Since the Herfindahl index’s range differs between the four variables, it is crucial to understand how to interpret the value of a certain index. The Herfindahl index takes on a maximum of 1 and a minimum depending on the number of fields of experience included in the index. For instance, work experience consists out of four different fields. If experience is divided equally across these fields each share is 25%. The Herfindahl index would then take a value of 0,25²+ 0,25²+ 0,25²+ 0,25² = 0,25. However, is the shares are divided differently, say 60%, 20%, 10%, 10%, then the Herfindahl index is higher; 0,6² + 0,2² + 0,1² + 0,1² =  0,42. A higher index thus indicates a more homogenous investment team, as the work and education experience of each team member are more likely to be similar.
3.2.4	Control variables
To isolate the effects of human capital on VCF performance, we need to control for performance effects that stem from VCF or investment characteristics rather than human capital.  In order to do this, we employ three measures to control for unobserved effects. First, we control for VCF size, denoted by capital under management. Larger VCFs should be able to invest in more portfolio firms and be better equipped to help those firms reach their exit (Zarukstie, 2007). Furthermore, larger VCFs can potentially attract better startups as they are better known in the VC industry and are more likely to be able to offer follow-up investments, which are needed for the startup to grow. Secondly, we control for the VCF’s age. VCFs that are older are likely to be more experienced in managing startups and helping them to reach their exit. Furthermore, younger VCFs tend to exit their portfolio firms faster to achieve a track record that can help them attract more financial capital in the future (Gompers, 1996). The age of the VCF can thus have significant impact on the VCF’s performance. I measure the VCF age in years from the founding date to the date in which the VentureXpert database was published. Third, I control for the stage of the investment. The stage at which the VCF prefers to invest can have an effect on the portfolio firm’s probability to exit. Start-ups in an early stage are less likely to reach an exit as companies invested in a later stage, as younger companies are more risky than those who already have some track record (Amit et al., 1998). In order to control for the investment stage we measure the proportion of portfolio firms that was indicated as a Seed or Early Stagecompany at the time of the first investment by the VentureXpert database[footnoteRef:10].  [10:  VentureXpert indicates the stage of portfolio firms invested in at the first investment date as Seed, Early stage, Expansion, Acquisition, Later Stage, Public Market or Other.] 



5. Descriptive Statistics, Methodology and Results
5.1	Descriptive statistics 
Table 1 summarizes the statistics of the human capital, performance, heterogeneity and control measures used in the first part of our analysis. The second column in Table 1 reports the average statistics of the variables used in the first part of our analysis. For fractional variables the displayed mean is not the aggregate mean of all venture partners, but rather an average fraction of a specific characteristic at a VCF. The third column reports the standard deviations of the mean shown in the second column. 
When we look at our dependent variables, FracExitRate and FracBankruptcyRate, we see that on average VCF achieve an exit rate of 40% and a bankruptcy rate of 5%. In similar research, Dimov and Shepherd (2005) report a 6% bankruptcy rate. Zarutskie (2010) reports exits rates of VCF of 54% and 56% between the period of 1980 till 1998. It is possible that the time span of our sample influences the exit rate. The portfolio firms in our sample received funding in the period of 2001-2006, right after the internet bubble crisis.       
Focusing on the first column we see that functional experiences among employees are mostly in the financial industry, in senior management or in the technological or professional science industry. On average, 51% of a VCF’s venture partners have worked in the financial sector, 76% has been a senior manager and 64% has worked in the technological or science sector. In contrast, on average 15% of the venture partners have a background in consulting. 
Turning to the educational backgrounds of the venture partners we see that on average 52% of venture partners at a VCF have studied business or economics, 37% have a degree in science or technology and 26% has a degree in another field[footnoteRef:11]. Surprising is that on average 35% of the venture partners have at least two degrees in different fields of study, of which the combination between a science and a business degree (20%) is the most common in our data.  [11:  These numbers are calculated by summing all variables that indicate that the partner has obtained a specific degree. For instance, the average number of venture partners with a business education is calculated by adding up the means of “FracBusiness”, “FracBusinessOther” and “FracBusinessTech”. ] 

The heterogeneity of VCFs is indicated by the Herfindahl index variables. A higher Herfindahl index indicates a higher level of homogeneity in, respectively, work and educational experiences. The interpretation of the mean of these variables is different than usual as the boundaries of the Herfindahl index formula are determined by the number of experiences of the venture partners. For work experience and general human capital the boundary of the Herfindahl index is 0,25-1, for education and specific human capital it is 0,33-1. On average, there are signs of homogeneity in all four variables, however, not very strongly. This is not unexpected as some work or educational characteristics are more common than others. 
The expected sign indicates what the expected effect of the variable is on both the exit and the bankruptcy rate of portfolio firms according to our hypotheses and the underlying theory. In general, we expect a positive relation of human capital characteristics with the exit rate and a negative relation with the bankruptcy rate. However, a few exceptions are made. First, financial industry experience and business education, might increase the number of bankruptcy amongst portfolio firms, since VCs with such experience might be more inclined to let below par performing firms go. Finally, having a larger number of early stage portfolio firms increases the chance of bankruptcy as these firms are more risky than more mature firms (Amit et al., 1998).

Table 2 presents the correlation matrix for the venture partner characteristics, the control variables and the performance measures. Surprising is that there are only a few variables correlated with our dependant variables. Moreover, we see no significant correlations between functional and educational backgrounds and the exit rate. Looking at bankruptcy rates we do see three significant correlations on the 10% level, namely with FracTechnologicalin-dustryexperience, FracTechnologicalEducation and FracOtherEducation. Furthermore, there are no indications that our independent variables or control variables are so strongly correlated such that it would affect the outcome of our regressions. 


	Table 1 – Descriptive statistics
 
 

	

	Variables
	Mean
	S.D.
	Hypothesized effect on exit rate
	Hypothesized effect on bankruptcy rate

	
	
	
	
	

	
	
	
	
	

	
Dependent Variables

	FracExitRate
	0.40
	0.19
	 
 
	 

	FracBankruptcyRate
	0.05
	0.08
	
	 

	
Functional Background Variables

	FracFinancialindustryexperience
	0.51
	0.28
	+
	+/-

	FracConsultingindustryexperience
	0.15
	0.17
	+
	-

	FracSeniormanagementexperience
	0.76
	0.21
	+
	-

	FracTechnologicalindustryexperience
	0.64
	0.26
	+
	-

	Educational Background Variables



	
	
	
	

	FracBusinessEducation
	0.70
	0.24
	+
	+/-

	FracTechnologicalEducation
	0.38
	0.26
	+
	-

	FracOtherEducation
	0.27
	0.22
	+
	-

	FracDoubleDegree



	0.35
	0.24
	+
	-

	Heterogeneity Variables
	
	
	
	

	HerfindahlindexWork
	0.35
	0.08
	+
	-

	HerfindahlindexEducation
	0.49
	0.14
	+
	-

	HerfindahlindexGeneral
	0.35
	0.09 
	+
	-

	HerfindahlindexSpecific
	0.51 
	0.14 
	+
	-

	Control Variables

	TotalCapitalunderManagement
	1233.58
	2697.48
	
	

	VCFAge 
	141.03
	117.21
	
	

	FracEarlyStage
	0.7
	0.24

	
	



In the bottom half of Table 2 we observe the correlations between our dependant variables and the variables used in the second set of regressions in order to analyze the effect of heterogeneity on the performance of VCFs. We observe a similar absence of significant correlations between our dependent and independent variables. Here we also do not observe signs that could indicate potential collinearity between variables in our regressions. HerfindahlindexSpecific and HerfindahlindexGeneral are strongly correlated with HerfindahlindexWork and    HerfindahlindexEducation, however, these variables are used in separate analyses. 
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5.2 	Methodology 
The following part will explain the empirical testing of the hypotheses. For the first part of our analysis we regress the fraction of portfolio companies of VCFs that have been exited or declared bankrupt, as proxies of performance, on the human capital characteristics of venture partners working at VCFs. In addition, in this regression we control for additional fund- and market-level characteristics that may influence the performance of VCFs, as seen in Equation 2. 

The subscript i indexes each VCF in the sample. The independent variables of interest in testing the hypothesis in our analysis are the Functionalh,i and Educationalj,i variables that are summarized in table 1. The variables Xk,i are fund-level control variables; the age of the VCF in months, the log size of the total capital under management of each VCF and a fraction of the investments that have been early stage. 
The regressions equation for the second set of regressions, analyzing the effects of heterogeneity on performance is constructed in a similar fashion. Both performance measures are regressed against our heterogeneity measures and the same set of control variables as seen in Equation 3.       

Similar to equation 2, the subscript i indexes each VCF in the sample. The independent variables of interest to test our hypotheses are the Heterogeneityj,i variables summarized in Table 1. To test our hypothesis 3a we will regress HerfindahlindexWork and HerfindahlindexEducation as heterogeneity measures, for hypothesis 3b we will regress HerfindahlindexGeneral and HerfindahlindexSpecific. The variables Xk,i are the same fund-level control variables used in the first set of regressions. 
5.3 Results functional and educational human capital characteristics on VCF performance
We conducted several diagnostic tests to ensure that the regressions did not violate the OLS assumptions of linearity, normality of the residuals and homoskedasticity. By plotting histograms we concluded that the residuals were normally distributed for both of the models. Some variables do not show clear linearity with our dependent variables potentially causing a bias in our regression. Finally, we conducted diagnostic tests such as the White test to check for heteroskedasticity. For both models in Table 3 the White test suggested that the models were subject to heteroskedasticity[footnoteRef:12], hence we add robust standard errors to the models. Furthermore, though some variables did not show a clear linear relation the majority of the variables show some degree of linearity. These diagnostic results indicate that the data does not meet all the requirements of the OLS model; however we can still run the OLS model, though the model is potentially subject to some degree of bias.  [12:  For the exit models the White test had a p-value of 0.02, and for the bankruptcy model a p-value of 0.00. ] 

As we observe the models in table 3, we see that both models have educational variables that are significant, but not any functional experience variables. In the bankruptcy model all educational variables are significant at the 5% level, whereas for the exit rate model three variables are significant on the 10% level. Furthermore, in the exit rate model we see that FracOtherEducation is nearly significant at the 10% level. However, the exit model on the whole is not significant, potentially causing a bias in the results forcing us to be conservative with making assumptions about the exit rate model. Also the signs of the significant variables are in line with earlier predictions, though we do see a positive sign for FracDoubleEducation where we expected more than one education to reduce bankruptcy rates.  
Surprisingly, we do not see any functional experience variables that are significant, where we earlier theorized the effect of these human capital characteristics are potentially more important than education. Furthermore, due to complications in the assumptions of the OLS model it is possible that the results, derived from the OLS regressions, are potentially somewhat biased. This is confirmed by a weak exit-rate model. As a robustness check we will employ an alternative model designed specifically to regress fractional dependent variables. Papke and Woolridge (1996) suggested a general linear model with a binomial distribution, a logit link function and robust standard errors in order to regress fractional response models. This model is better equipped to deal with fractional variables than other models. The results of these general linear models are shown in Table 4.   
	Table 3 – OLS regression of Functional and Educational experience effects on VCF performance

	
	Exit-rate Model
	Bankruptcy-rate Model

	Variables
	Coefficient
(significance)
	Std. Error
(robust)

	Coefficient
(significance)
	Std. Error
(robust)


	

	FracFinancialindustryexperience
	0.066
	.064 
	-0.0177 
	0.022 

	FracConsultingidustryexperience
	-0.452 
	.070
	0.037     
	0.055     

	FracSeniormanagementexperience
	0.056 

	.073
	0.026    
	0.038     

	FracTechnologicalindustryexperience
	0.383 
	.070 
	-0.049   
	0.032    

	

	FracBusinessEducation
	0.784*
	.435
	-0.189**   
	0.073    

	FracTechnologicalEducation
	0.879 **
	.445 
	-0.259 ***   
	0.082    

	FracOtherEducation
	0.717
	.435 
	-0.244 ***    
	0.079    

	FracDoubleEducation
	-0.843*
	.446
	0.268 ***   
	0.085     

	

	TotalCapitalunderManagement
	-3.13e-6 
	4.40e-06    
	-2.52e-06 *   
	1.43e-06    

	VCAgeMonths


	0.0001 
	.000  
	0.00006   
	4.5e-05     

	FracEarlyStage
	-0.090 
	.065    
	0.0350
	0.025     

	

	

	N
	213
	
	213
	

	R2
	0.0644
	
	0.0652
	

	F-statistic
	0.3062
	
	0.0137


	

	Notes: *=P<0,1, **=P<0,05, ***=P<0,01. Both models are OLS models with robust standard errors. The exit rate model has the fraction of portfolio firm exits as a dependent variable. The bankruptcy rate model has the fraction of bankruptcy rates of portfolio firms as the dependent variable. All numbers are rounded up.  

	
	
	
	
	



The results of the general linear model suggested by Papke and Woolridge (1996) differ slightly from the results that we have seen in the OLS model in Table 3. In Table 4 we see that for both models the same educational variables that are significant, however, in the bankruptcy model we now also see that FracTechnologicalindustryexperience is significant on the 10% level. On the whole, the results are quite similar making the results observed earlier more probable. 
	Table 4 – GLM regression of Functional and Educational experience effects on VCF performance

	
	Exit-rate Model
	Bankruptcy-rate Model

	Variables
	Coefficient

	Std. Error
(robust)

	Coefficient
(significance)
	Std. Error
(robust)


	

	FracFinancialindustryexperience
	0.279
	0.264
	-0.332  
	0.454  

	FracConsultingidustryexperience
	-0.195
	0.294  
	0.700 
	0.882

	FracSeniormanagementexperience
	0.234 
	0.305
	0.494 
	0.777  

	FracTechnologicalindustryexperience
	0.157 
	0.292  
	-0.924*
	0.555

	

	FracBusinessEducation
	3.444*
	1.998
	-2.929**
	1.395  

	FracTechnologicalEducation
	3.849 *  
	2.04
	-4.521***
	1.629

	FracOtherEducation
	3.154 
	2.002
	-4.101***
	1.449

	FracDoubleEducation
	-3.698*
	2.053  
	  4.596***
	1.504

	

	TotalCapitalunderManagement
	-0.00001 
	0.00002
	-0.00005
	0.00004  

	VCAgeMonths


	0.0005   
	0.0006
	0.001*
	0.0008

	FracEarlyStage
	0.382 
	0.2668
	0.714
	0.557  

	

	

	N
	213
	
	213
	

	AIC
	1.046
	
	0.428
	

	BIC
	-1046.5
	
	-1054.7
	

	

	Notes:  *=P<0,1, **=P<0,05, ***=P<0,01. Both models are GLM models with robust standard errors, a logit link and binomial family as suggested by Papke and Woolridge (1996) for fractional regressions. The exit rate model has the fraction of portfolio firm exits as a dependent variable. The bankruptcy rate model has the fraction of bankruptcy rates of portfolio firms as the dependent variable. All numbers are rounded up.  



	



5.4	Results heterogeneity

In the following part we will focus on the second set of hypotheses concerning the effect of heterogeneity of the work and educational experiences of venture partners at VCFs on the performance of those VC firms. As we use the same set of dependant variables, namely the exit rates and the bankruptcy rates, we will apply the same methodology as before. 

To make sure that the assumptions of the OLS model are met we again conduct several descriptive test to test for normality of the residuals, linearity of the variables and homoskedasticity. When plotting the residuals for all models we see that the residuals of both models follow an approximation to the normal distribution. Here we also observe slight nonlinearity between our independent and dependent variables. Only the White test of the exit-rate model measuring the effect of specific and general human capital heterogeneity indicates potential heteroskedasticity, hence we add robust standard error only to that model. 

Observing the results in table 5 we see that all four models show no significant relation between human capital heterogeneity and performance. Furthermore, we see that all four models are very weak as they are not significant and have a very low R2. As a robustness check we also ran the same analysis with the GLM model suggested by Papke and Woolridge (1996). In these models we see similar results with no significant relation between human capital heterogeneity and VCF performance.  



	Table 5 – OLS regressions of human capital heterogeneity effects on VCF performance

	
	          Exit-rate Model
Model 1                   Model 2
	     Bankruptcy-rate Model
 Model 1                    Model 2

	Variables
	               Coefficient
              (significance)


	              Coefficient
             (significance)



	

	HerfindahlindexWork
	-0.183   
	
	-0.0724 
	

	HerfindahlindexEducation
	0.140    
	
	0.019
	

	
	
	
	
	

	HerfindahlindexGeneral
	
	0.024     
	
	.0427 

	HerfindahlindexSpecific
	
	-0.021    
	
	-0.0345  

	
	
	
	
	

	TotalCapitalunderManagement
	-4.6e-06   
	-5.1e-06   
	-1.4e-06  
	-1.7e-06

	VCAgeMonths


	0.0001    
	0 .0001    
	0.00006    
	0.00005  

	FracEarlyStage
	-0.050   
	-0.059    
	0.0280 
	0.031

	
	
	
	

	
	
	
	

	
	
	
	

	N
	213
	213
	213
	213

	R2



	0.022

	0.011

	0.016
	0.017

	F-statistic
	0.475
	0.844
	0.6357
	0.610



	Notes: *=P<0,1, **=P<0,05, ***=P<0,01. All models are OLS models. The exit rate model on specific and general human capital heterogeneity has robust standard errors. The other models have normal standard errors. The exit rate models have the fraction of portfolio firm exits as a dependent variable. The bankruptcy rate models have the fraction of bankruptcy rates of portfolio firms as the dependent variable. All numbers are rounded up. 



	





6. Discussion

Our findings do not support all our hypotheses. From our regressions we find that functional experience generally does not have a significant influence on VCF performance. On the other hand, we do find a significant relation between education and VCF performance. Furthermore, we do not find any support for the notion that human capital heterogeneity has an influence on VCF performance. These results only provide some support to the general assumption that the top management of VCFs has an influence on performance. 

6.1	Specific human capital and VCF performance

In our results we do not observe any significant relation between specific human capital variables and VCF performance[footnoteRef:13]. This led us to reject our first hypotheses, 1a. The fact that other human capital aspects, such as education, showed a significant relation with performance, and specific human capital did not, is surprising. In our initial assessment we hypothesized that functional experience, and even more strongly specific human capital, was likely to have a larger and clearer impact on performance, as functional experience contributes more to the knowledge people have of certain industries and their usable skill set, as knowledge and skills learned during a particular job are better applicable in certain other jobs or industries compared to the skills and knowledge learned during someone’s education.  This assumption, however, does not seem to hold for our data. [13:  We specified specific human capital as senior management, consulting industry and financial industry experience. ] 


Unlike in our paper, we do see significant relations between specific human capital aspects that we examined and VCF performance in similar research such as that of Zarutskie (2010) and Dimov and Shepherd (2005), albeit that in these papers also not all specific human capital are significant. A complete lack of a significant relation between specific human capital and performance, however, did not occur in either of these papers. A remarkable difference between that data gathered for our research and that of Zarutskie (2010) and Dimov and Shepherd (2005) is that the specific human capital variables are not correlated with our performance measures. This indicates that the relation between specific human capital and performance is weak in our data, and hence might explain why we do not observe any significant relation between the two. 

As an additional hypothesis on functional experience we stated that technological industry experience was not directly related to the day-to day activities of VCs, and thus cannot be attributed to specific human capital, but plays an important role in selecting and guiding innovative technological ventures and therefore also VCF performance. We observe that technological industry experience has a significant decreasing effect on the bankruptcy rate as shown in the GLM model in Table 4. Though the significance of this relation is not very strong we do accept hypothesis 1b. The negative relation with the bankruptcy rate is in line with our assumption that knowledge of the technological sector can help select better technological firms, and hence result in fewer bankruptcies. 

The importance of having people with technological experience on your investment team when investing in technological companies is already understood by the VC industry. In our data we observe that most VCFs have at least one venture partner with functional experience or a university degree in this field, respectively 95,91% and 83,4%. Our experience from gathering the data is that these partners are often employed by the VCF after working for a portfolio firm of that company and making it a success or that they were involved in the management or started technological companies and decided they wanted to work on the investor side of the industry to help new entrepreneurs achieve success. Although most VCFs already have technology-oriented partners, those firms that don’t would do well to add a person with technological knowledge and insights to their team, based on our data.  
	
6.2	General human capital and VCF performance	

In contrast to functional experience, we did find a relation between the educational background of venture partners and VCF performance. For both the exit rate and the bankruptcy rate we see that education has a significant relation with VCF performance in both the OLS and GLM model. Like we predicted earlier, educational variables are generally positively linked with the exit rate, and negatively with the bankruptcy rate. Also unlike Zarutskie (2010), we do not observe any negative relation between having a business education and the exit rate. These results have led us to accept hypothesis 2a.

Though we alternatively hypothesized that firms with higher levels of business education among their partners might perhaps have higher bankruptcy rates, as letting portfolio firms go bankrupt is sometimes better than holding on to them, we generally see that higher levels of business education actually decrease the number of portfolio firm bankruptcies. This reducing effect, however, is smaller than that of technological education and other studies. Perhaps business education does induce a higher bankruptcy rate, but that that effect is outweighed by the positive effect of reducing the number of firms that need to be let go.  We also observe a strong relation between technological education and VCF performance. It has a larger positive effect on the exit rate and a more reducing effect on the bankruptcy-rate, as compared to business education. This stresses the importance of technological knowledge and understanding when investing in innovative technological companies. 

We also observe that having more than one university education is significantly related to the exit and bankruptcy rates. For both the exit and bankruptcy rate we observe a positive relation. Though a positive effect on the exit rate was expected due to potential synergies between studies, we did not expect having multiple studies to have an increasing effect on the bankruptcy rate. A logical explanation would be that having a dual degree results in increased knowledge and cognitive abilities, allowing partners to spot weak portfolio firms earlier and take precautionary measures. However, it is difficult to determine whether more portfolio firms go bankrupt due to having venture partners with more than one education or that it actually creates strategic benefit. Therefore, we cannot conclude that hypothesis 2b is true. 

Though we assumed that functional backgrounds would have a greater effect on performance, there are also arguments in favor of a strong relation between education and performance. If one assumes that the attained education is correlated with the cognitive capabilities of a venture partner, higher levels of education contribute to the venture partners’ and the venture team’s capabilities to deal with complex issues, learn new skills and gather new knowledge (Bantel and Jackson, 1989). More so than industry experience, the ability to adapt might be decisive for the performance of VCFs. Having more than one higher level education might even be a better indication of someone’s potential and enhances these benefits. 

6.3	Human capital heterogeneity and performance 

In our results we observe no significant effect between human capital heterogeneity and VCF performance. This led us to reject both hypothesis 3a and 3b. Although there has been literature in favor of human capital heterogeneity as an explanation for performance (eg. Hambrick and Mason, 1984; Bantel and Jackson, 1989; Carpenter, 2002), we observe no such relation in our analysis. 

There are several reasons why we might not be able to observe any relation between human capital heterogeneity and VCF performance. First, it is possible that human capital heterogeneity does not have any effect on the performance of VCF or firms in general. Most existing literature on this topic has taken a theoretical approach to the issue, compared to the statistical approach of this paper. On the theoretical level there have been arguments for and against a positive relation between human capital heterogeneity and performance. In a statistical analysis these effects could cancel each other out, leaving no noticeable effects. Moreover, the argument proposed by Hambrick and Mason (1984) that heterogeneity effects performance in different ways according to the type of industry can also be an explanation why we observe no relation in the VC sector. To our knowledge human capital heterogeneity in VCFs has not been researched, thus any comparison with other authors is impossible. Secondly, the benefits or drawbacks of heterogeneity might be caused by other human capital characteristics than by work and educational experience. Characteristics such as age, gender and tenure have a large impact on the diversity of the venture team and subsequently performance, but are left out of our analysis. Furthermore, functional and educational experiences serve as proxies for deeper level characteristics (Hambrick and Mason, 1984), as these characteristics are often difficult to measure. These proxies may not share the same relation with the performance of the firm, or the strength of this relation. Due to using proxies or not including certain aspects of we might not be able to observe potential heterogeneity effects. A third reason is that VCs often resort to external advisors when making important decisions. Due to these external advisors VCFs can expand their available knowledge without adding it directly to the firm rendering heterogeneity among venture partners obsolete. The final argument is that the analyses of the heterogeneity of human capital in this paper might be subject to measurement issues. The Herfindahl index poses a solution to the problem of how to measure heterogeneity, but it creates additional problems. For instance, is it not possible to figure out from the value of a Herfindahl index what the specific distribution is of backgrounds among the venture partners and thus control for specific effects. A firm with a high count of partners with a financial industry background and few partners with a technological industry background has the same value on the Herfindahl index as a firm with an opposite distribution of functional backgrounds, although one of these combinations might potentially be much better for organizational performance. Furthermore, the Herfindahl index values from our sample can pose problems to our analyses. Most values were in the early range of values of the Herfindahl index, whereas we also had extreme outliers indicating a high homogenous distribution of human capital characteristics in a VCF firm. Often these firms were characterized as being small with only several venture partners with the same background. These outliers can cause a certain bias in our data, but cannot be ignored. Though we do believe that there are potential heterogeneity effects on VCF performance, we reject our hypothesis based on our data. 


7. Implications for future research and limitations
As a researcher it is important to be aware of potential weaknesses and limitations to your research. In our paper we have encountered several aspects that limit or weaken our analysis and these need to be recognized by the reader, as well as taken into consideration by future researchers. 

First, the fact that our findings have been so sporadic may not encourage future research into this topic. This topic of research has not yet been investigated extensively, however, we also see differing results between the results of related papers, such as Zarutskie (2010) and Dimov and Shepherd (2005). In the related literature we see unexpected signs, such as the negative relation between business education and performance (Zarutskie, 2010) or even a complete lack of relation between certain human capital aspects and performance such as in our own. Other authors have criticized human capital characteristics as being overly noisy and unreliable (West and Schwenk, 1996) and also from our paper we observed a weak relation between human capital and performance. We feel that research into this topic is indeed subject to inconsistency in the results. Thus we conclude that this line of research can lead to sporadic findings and conclusions should be made with a certain degree of prudence, as results are sometime hard to replicate. 

On the other hand, we do not dismiss the fact that it is likely that there is a relationship between human capital and performance. Both theoretical arguments and empiric results support this. The sporadic nature of the results could be caused by the fact that the relation between human capital characteristics and performance differs between industries and perhaps even over time, as markets are constantly changing. Furthermore, the use of human capital characteristics, such as work experience and education as proxies for deep-level characteristics as argued by Hambrick and Mason (1984) might not be as reliant every time. Although it would be best then to use these deep-level characteristics instead of proxies, the problem is that these characteristics, such as perseverance, empathy and cognitive ability, but also skills and knowledge are difficult to measure directly, so proxies are often required. Due to the inconsistency of our results compared to similar research, it is difficult to argue that our findings are conclusive. To be able to conduct future research into this topic successfully human capital characteristics need to be carefully selected and measured. 

The way in which the data on the functional backgrounds was gathered also limits the capability to research the effect of these human capital characteristics. For functional backgrounds only data was gathered that noted whether someone in the firm had previous experience in a certain industry, without mentioning how many years he worked in that particular industry. When measuring previous functional experience as a proxy for someone’s knowledge and skills it is important to know how many years of experience someone has in a particular industry. When someone has worked longer in a certain industry it is likely that he knows more about the industry and has gathered more competencies that are relevant for that industry. This data proved to be too difficult to gather from biographies available on the internet alone, meaning that these venture partners would have to be contacted personally. Due to the large number of investment firms and business angels on which data was collected in the research used for this paper, this was not possible. However, gathering more extensive information on the backgrounds of the venture partners at VCFs could yield significant improvements to the way one could analyze the influence of human capital characteristics on VCF performance. We thus recommend this to future researchers. 

Besides the problems with using functional and educational backgrounds as proxies for deep-level characteristics, there were other measurement issues. Measuring performance by exit and bankruptcy rates has some drawbacks compared to measuring by the performance by return on investment. When looking at the exit rates, we do not know for what amount of money portfolio firms were sold. Hence, it is impossible to tell whether the VCFs were truly successful in selling their portfolio firm or that they were forced to exit the portfolio firm, because they wanted to secure at least some return on investment. In general, for VCFs most of their exited portfolio firms will only have a small return on investment, if any, and only a few of them will be truly successful and generate the profits.  Similarly, it was impossible to determine with what loss some companies were declared bankrupt, thus it was also difficult to measure bad performance. Furthermore, interpreting what is good performance and bad performance was sometimes difficult. Good performance is not as clear-cut as a positive influence on the exit rate and a negative influence on the bankruptcy rate. Exit rates might be influenced by grandstanding of younger VCFs that sell off portfolio firms to improve their track record (Gompers, 1996) and higher bankruptcy rates might be caused by letting portfolio firms earlier so less money is lost. Having data on the return of investment of the VCF’s portfolio companies it would become easier to determine exactly what aspects make VCFs truly successful or unsuccessful. The problem remains that VCFs are not eager to share this information, thus it is a challenge for future researchers to successfully acquire this information.  



8. Conclusion 
The goal of this paper is to further investigate the relation between human capital characteristics and the performance of venture capital firms (VCFs), as well as extend on this line of research by analyzing the effect of human capital heterogeneity on organizational performance of VCFs. As service-investment firms, VCFs rely heavily on their organizational and human capital resources in order to provide quality value-added activities to their portfolio firms, so that those firms are successful. In order to test the available knowledge and competencies amongst the firm’s management we used the functional and educational backgrounds of the partners at VCFs as a proxy. 
In our analysis we find that functional backgrounds hardly have a significant effect on performance. On the other hand, we observe that the educational background of venture partners does have an effect on performance. In particular, technological education has a strong effect on VCF performance. Also having completed more than one university level education influences the performance of the VCF. Furthermore, we find no evidence that suggests a relation between human capital heterogeneity and performance.  
This paper shows that research into this topic can lead to sporadic results and precautions have to be taken prior to analyzing this topic further. Although, results consistent with other literature have sometimes been absent in this paper, there is a likely relation between human capital characteristics and VCF performance. 
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Table2 - Correlation Matrix of dependent, independent and control variables.

no. Variables 1 2 3 4 s 6 7 s 9 10 1 12 13
1 FracExitRate 100

2 FracBanknpteyRate 0.176%** 100

3 FracFnancialindustryexperience 0030 0025 100

4 FacConsuingndustryexperience 0069 0082 0033 100

5 FracSeniomanagementexperience  0.100 0046 0109 0070 100

6 FracTechnologicalindustryexperience  0.075 0126 0447*** 0041  03058*** 100

7 FracBusinessEducation 0055 0.198% 0317%Fr  0151%% 0.199%**  0213%** 100

8 FracTechnologcalEducation 0121% 0079 0338 0030 0142°% 04362 0360*** 100

9 FracOtherEducation 0064 0035 0027 0062 0007 0089  0286*** 0338 100

10 FracDoubleDegree 0.009 0082 0019 0152 0062 0173%%% 03327 0422%%% 0244%* 100

11 TotalCapitalUnderManagement 0018 0053 0062 0001 0300 0252+ 0072 0061 0049 0025 100

12 VCFage 0051 0051 -0.140%* 0031 0272 0075 0019 0059 0083 0008  0331*** 100
13 FracEarlyStage 0048 0071 0219 0063  0290%** 0327*** 0109 0273 0056  0.130%* 0374 0143* 100
1 FracExitRate 100

2 FracBanknpteyRate 0.176%** 100

3 HerfindahlindexWork 0063 0015 100

4 HerfindahlindexEducation 0020 0018 0371%%* 100

5 HerfindahlindexGeneral 0043 0063 0577 0822%%% 1.00

6 HerfindahlindexSpecific 0012 0020 0795 02797+ 0232%%* 100

7 TotalCapitalUnderManagement 0018 005 0025 0013 0137 0097 100

8 VCFAge (months) 0052 0051 0044 0062 0008 0033  0331°** 100

9 FracEadyStage 0048 0071 0005 0098 0159 0.135%** 0.143%* 0374 100

‘Note: * = Significant on the 10% level, ** = Significant on the 5% level, *** = significanton the 1% level





