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The purpose of this thesis is to investigate whether different private equity fund 

characteristics have any influence on the fund performance. Fund characteristics include 

fund type (venture capital or buyouts), fund size (sizes of funds are divided into six ranges), 

fund investment industry, fund sequence (first fund or follow-on fund) and investment 

market (US or EMEA). Fund performance is measured by internal rate of return, and tested 

by cross-sectional regression analysis with the method of Ordinary Least Squares. The data 

employs performance and characteristics of 997 private equity funds between 1985 and 

2008. Our findings are that fund type has effect on fund performance. The average IRR of 

venture capital funds is 2.7% less than average IRR of buyout funds. However, We did not 

find any relationship between fund size and performance, and between fund sequence and 

performance. Funds based on US market perform better than funds based on EMEA 
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market. The fund performance differs across different industries. The average IRRs of 

industrial/energy industry, consumer related industry, communications and media industry 

and medical/health industry are higher than the average IRR of other industries. 
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1. INTRODUCTION 

Over the last several decades, private equity has been developed extensively to become an 

important sector. Nowadays, it is considered to be play a crucial role in the economy, by 

boosting innovation and growth in promising startups or expanding firms, as well as by 

fostering the restructuring of mature companies (Söderblom, 2011). Therefore, the growth 

and important of private equity industry make it an interesting area of analysis.  

The purpose of this thesis is to investigate whether different fund characteristics have any 

influence on the fund performance. In spite of the significant role of private equity in 

financing and supporting high-tech companies, and in reallocating capital to more 

productive sectors of economy, only a few papers analyzed the key characteristics of 

private equity by use of different samples within different periods. We believe that our 

analysis can theoretically enrich the findings in the sector of private equity performance 

determinants, and practically provide evidence to private equity industry players. 

This paper can be divided into four parts. The first part is the introduction of private equity 

background. Private Equity (hereinafter PE) is the equity financing of unlisted companies 

at various stages in the life cycle of a company, from seed to start-ups, as well as growth 

and pre-IPO (Initial Public Offering). Venture capital and buyouts are the two main 

categories of private equity. Venture capital targets companies in the earlier stage, and 

buyouts are more inclined to the mature companies.  

Most of private equity funds are structured as the limited partnership. As the general 

partners, fund managers are responsible for managing the funds. Investors as limited 

partners are the capital resources. Generally, the players in the private equity industry can 

be categorized as investors, fund managers and advisors. Institutional investors like banks, 

insurance companies and pension funds represent the bulk of capital invested in private 

equity sector. Fund managers behave as general partners to operate the funds from fund 

raising, to deal flow and to exit in the end. Advisors provide professional service to private 

equity funds.  
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Value creation through active management is core principle of private equity. In the first 

phase, fund managers need to actively source the investment opportunities. Then they will 

conduct the preliminary analysis and following due diligence. After becoming the 

shareholder of investee companies, they will support company growth. At last, they will 

sell their company shares as the exit. The contribution of private equity to economy is 

significant. The presentence of private equity accelerates the growth of companies, boosts 

the growth of economy and even promotes the recovery of economy from recession. 

The second part is the introduction of performance measurement of private equity funds, 

and the performance comparison between private equity and public market. The cash flow 

weighted internal rate of return and multiples are generally used for quantitative 

measurement of private equity performance. Internal rate of return provides a 

percentage-based measurement that explicitly takes the irregular timing of private equity 

cash flows into account. Multiples simply measure the total return to investors relative to 

the total sum invested. In addition to quantitative measurements, qualitative measurements 

are also commonly used to make an evaluation, such as the evaluation of management 

team’s experience, track records and reputation.  

The Public Market Equivalent (hereinafter PME) method can be used to compare the 

performance between private equity and public market by comparing Internal Rate of 

Return (hereafter IRR) with the returns that public markets would have yielded over the 

same timing of cash flows. There are several papers refer to empirical evaluation of PE 

performance in comparison with public market by using different data samples and 

methodologies. However, the empirical results are different and the debates are still 

existed. 

The third part is the literature reviews about the fund performance determinants. Fund type 

is highly related with fund performance, and buyout funds generally perform better than 

venture capital funds (Ljungqvist and Richardson, 2003; Driessen, et al., 2008; Phalippou 

and Gottschalg, 2009). Fund size is positively related with fund performance. Funds with 

larger size perform better than smaller funds (Laine and Torstila, 2005; Hochberg, 
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Ljungqvist and Lu, 2007; Nikoskelainen and Wright, 2007). Geography is also a 

determinant of fund performance. Empirically, US funds generate higher returns than 

European funds (Hege et al., 2009; Phalippou and Gottschalg, 2009). Moreover, skills of 

management team are regarded as the one of the most important determinants of fund 

performance. This was tested by different methodologies (Söderblom, 2011; Phalippou and 

Gottschalg, 2009; Diller and Kaserer, 2008; Hochberg et al., 2007) 

The fourth part is the empirical analysis of the fund performance determinants. 

Cross-sectional data including 4180 funds were collected and there are 997 funds left in 

our sample after data filtration. Each fund has the information of IRR, Total Value to Paid 

In (hereinafter TVPI), vintage year, fund type, fund size range, fund sequence, fund 

primary market and fund investment industry.  

Based on the studies, we made four hypotheses about fund characteristics for our fund 

performance determinants test. We used different in-mean test and cross-sectional 

regression analysis with the method of ordinary least squares to test our hypotheses. In the 

end, we got five results respectively about the influence of five fund characteristics on the 

fund performance, which was measured by IRR.  

Fund type has influence on fund performance. The average IRR of venture capital is 2.7% 

less than that of buyouts. The difference of average IRR between venture capital and 

buyouts suggest that buyout funds perform better than venture capital funds. The fund size 

has nearly no influence on the fund performance in addition that funds in the size range of 

300.1 - 500 Mil has lower average IRR than other funds. For the fund sequence, the 

average IRR of first time fund is 1.5% higher than that of follow-on fund, but the 

difference is not significant. Therefore, the characteristic of fund sequence has no effect on 

the fund performance. The primary market has influence on the fund performance. The 

average IRR of funds with primary market of US is 3.4% higher than the average IRR of 

funds with primary market of EMEA (Europe, Middle East, Africa). For the fund 

investment industry, the industry of industrial/energy has the highest average IRR 11.7% 

among all of industries. Consumer related industry has the second highest average IRR 
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11.2%. The third is the communications and media industry with the average IRR of 10.7%. 

Then the medical/health industry is 10.1%. For other industries, there is no significant 

difference of average IRR between them and controlled group. Therefore, they have the 

average IRR of 6.1%. We also included all of significant dummy variables into one 

regression model. The controlled group is becoming narrower, but the results have no big 

difference with the results of separate regressions. The R-square is slightly increased. 

After we got the results, we conducted diagnostic tests to check the satisfiability of 

assumptions. We checked the correlations of dummy variables to test the multicollinearity. 

We also checked the value of Durbing-Watson statistics to see whether there is 

autocorrelation or not. We did not find the presence of multicollinearity and 

autocorrelation in our test since the correlations are below 0.4 and DW value is close to 2. 

However, we found our results were affected by heteroscedasticity. Then we used White’s 

modified standard errors to get rid of heteroscedasticity. 

In order to test the robustness, we replace the IRR of each fund with TVPI, Distribution to 

Paid In (hereinafter DPI) and Residual Value to Paid In (Hereinafter RVPI). This 

performance measurement replacement shows the robustness of results in fund size and 

fund primary market, and the weakness of results in fund type, fund sequence and fund 

investment industry. We also divided our sample into three subsamples categorized by 

three different vintage year period for checking the robustness of our results for vintage 

year. We did not find strong evidence that there is robustness in our results for the variety 

of vintage years, except that the analysis result of fund sequence is similar before and after 

sample division. 

Generally, this thesis is structured into four parts. The first part is the private equity 

background introduction, which includes the private equity definition, market introduction 

and operation process. The second part is the private equity performance introduction, 

which is the key and foundation for the following empirical analysis part. Then it is the 

literature reviews about five fund characteristics. The last part is the empirical analysis for 

investigating the influence of fund characteristics on fund performance. 
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2. PRIVATE EQUITY BACKGROUND 

2.1 Definition 

Whenever a company needs financing, generally there are three solutions coming to mind: 

equity public offering, debt issuing and bank loans. However, equity public offering in the 

stock exchange is only providing financing for medium and large companies that can meet 

enough specific criteria in many aspects, such as applicant independence, profitability and 

cash flows, scale, asset quality and business (PricewaterhouseCoopers, 2009). Debt issuing 

and bank loans solutions also require financing company to have repaying capability, and 

the interest expenses undoubtedly increase the burden of companies’ financial statements. 

If an entrepreneur who has a good business or technical idea needs money to make the idea 

become reality, or a small company is getting into trouble just because of lack of liquidity, 

it is obviously that banks and investors in stock and bond markets will not consider these 

kinds of investment opportunities with relatively large exposures. But fortunately, the 

existence of private equity lights up hopes to entrepreneurs and increased their possibilities 

to succeed.    

In theory, Private Equity (PE) is the equity financing of unlisted companies at various 

stages in the life cycle of a company, from seed to start-ups, as well as growth and pre-IPO 

(Demaria, 2013). But in practice, providing a comprehensive and explicit definition to PE 

is not easy because of its broad nature of field and flexible operation modes. First, although 

PE is defined as the investment only to unlisted equities, there are some of investments 

from PE firms going to publicly traded firms (Fraser-Sampson, 2007), and even many 

private equity firms went public over the past decade and offered investors the opportunity 

to access to the private equity market by buying listed securities on an stock exchange. The 

initial public offering (IPO) of Blackstone in 2007 totally raised USD 4.1 billion, which 

was the seventh largest in US history at that point in time, and until the end of 2010, the 

amount of global listed private equity market has reached to about 72 billion US dollars 
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(Kumpf, 2013). Second, private equity may also invest actual debt instruments with equity 

features, such as convertible preferred stocks or subordinated debts that include conversion 

privileges (Söderblom, 2011). Third, Private equity derived investment vehicles that are 

similar to PE but slightly different in order to be corresponding with specific conditions 

and environment. For example, in China, one of government investment channels is to set 

up industrial fund by state-owned investment institutions or pension fund. As one of 

derivatives from Private Equity, industrial fund is raised privately, investing in unlisted 

equities, managed by professional managers and targeting in value creation, which are the 

same features as PE. The differences are that industrial funds are set up to invest in specific 

industry, infrastructure construction, and guide social capital flow, in addition to make 

profit and create value. In other words, industrial fund is becoming one of the indirect 

methods to regulate and control macro-economy. Conversely, traditional private equity is 

fully market and profit oriented. 

2.2 Private Equity Fund Category 

2.2.1 Venture capital 

In order to seek revenue growth, venture capital firm is mainly targeting seed, start-up or 

growth companies that bear strong technological risks, high R&D expenses, and also 

important investments in equipment, in intellectual property and fixed assets. Venture 

capital firm may have a specialized industry focus for looking for the next rising star in the 

industry of life sciences and information technologies. Increasingly, clean technologies are 

emerging as another major area of investment, but the two former sectors of investment 

still form the bulk of investments (Demaria, 2013). Normally, the investee companies have 

low cash flow predictability, newly formed management team with strong individual track 

record as entrepreneurs and technological breakthrough but route to market yet to be 

proven. Therefore, the assessment of investment risk is difficult to evaluate because of new 

technology, new markets and lack of operating history. However, as indicated venture 

capital can also be used in expansion phases, where investments are made into more 
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mature companies seeking to expand their operations at a more rapid pace with steady 

growth and profitability. 

One characteristic of venture capital investment is that venture capitalists would typically 

seek minority stakes in the companies they invest in, leaving the majority ownership to the 

investee firm’s management. In spite of a minority ownership, however, venture capitalists 

will ensure decisive influence on strategically important decisions and thus keep close 

control of their investee companies through comprehensive contractual restrictions 

(Söderblom, 2011). Furthermore, venture capitalists quite often pool their efforts and build 

an investment syndicate, which usually reinvests as long as the investee company develops 

and shows some promising outcome (Demaria, 2013).  

In addition to the capital support, venture capital firms also provide investee companies so 

called soft capital that can be necessary to increase the competences and mitigate the risks. 

Soft capital includes finding customers for pilot projects, attracting key human resources or 

even qualified lawyers and auditors, improving the corporate governance and marketing.  

2.2.2 Buyout Funds 

Buyout capital comprised investments in mature companies that are expected to undergo a 

fundamental change in strategy and operations. The investments can broadly be divided 

into insider driven deals where by the BO firm invests alongside the existing management 

team, such as management buyout, or outsider-driven deals when a new management team 

enters the company, such as management buy-in (Söderblom, 2011).  

Contrary to venture capital, buyout capital typically invests in the companies that have 

steady and predictable cash flows, strong and experienced management team, excellent 

market position and potential for restructuring and cost reduction. Buyout firm normally 

targets the majority control of investee companies that will entail significant ownership 

and a majority of voting rights (Kaplan and Stro ̈mberg, 2009). Most buyouts are financed 

with extensive use of leverage consisting of a large proportion of senior debt and 

significant layer of junior and mezzanine debt.  
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Similar with venture capital, buyouts also have the feature of active ownership strategy, 

which is that the investors not only provide the capital support but also offer non-financial 

services in terms of relevant knowledge, experience, know how, business contacts and 

certification. Fund managers put quite heavy effort into monitoring, managing and 

restructuring their investee companies to create value.  

Some Buyouts firms are listed (Blackstone Group, Apollo and Carlyle) and others have 

initially listed their funds (Kohlberg Kravis Roberts & Co. L.P.,). There are several reasons 

for them to be listed. One of them is to avoid frequent fundraising and spending time on 

road shows in order to convince limited partners to invest. Another is to be free from the 

pressure to sell a company within a given lifespan, and thus be able to time better the exit 

of a given investment. Buyout firms are mainly active in the sector of very large 

international buyout cases (above the billion dollar threshold). To invest in certain 

countries, they can cooperate with local investors. For example, the American KKR has 

co-invested in France with the local BO investor Wendel to buy Legrand, which is a EUR 

1.4 billion operation in 2004 (Demaria, 2013).  

2.3 Private Equity Fund Structure  

Only a small portion of venture capital funds were structured in the form of limited 

partnership before 1980s. During the next ten years after 1980s, more than 80 percent of 

capital committed to VC was in limited partnership (Allen and Song, 2003). Therefore, 

among the organizational structure of private equity fund in the form of corporation, trust 

and limited partnership, the prevailing and most widely used structure for PE fund in US 

and Europe is limited partnership (Söderblom, 2011), in which the private equity firm is 

serving as the general partner (GP) and the investors are serving as limited partners (LPs).  

As shown in Figure I, each fund is a separate legal entity established by fund manager. As 

investors, LPs make investment into portfolio companies through different funds. As fund 

management companies, GPs are responsible for fundraising, screening and evaluating 

portfolio companies, creating value, exiting investments and liquidating funds. GPs are 
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receiving management fee of 2%-2.5% from each fund as a routine cost for their 

professional management service. Furthermore, fund managers are also investing their own 

money directly to the fund for interest alliance; generally this will be in aggregate between 

1% and 5% of the fund size (Gilligan and Wright, 2008). 

Figure I 
Private equity fund structure (limited partnership) 

 

Source: Inside Private Equity, The Professional Investor’s Handbook (2009). 

Limited partnership has several advantages. Firstly, it can effectively align the interest of 

LPs with GPs through the term of carried interest. Carried interest (generally 20%) 

represents the GPs’ shares of profit generated by PE fund when fund performance exceeds 

its hurdle rate 1 . While fund managers are charging a small management fee, the 

management fee is only for covering administration cost of fund management. Therefore, 

carried interest could be served as the primary income of GPs. Secondly, limited 

partnership avoids the double taxation problem. If a fund is structured as the cooperation, 

fund has to pay corporate income tax when it is generating any income. And the fund 

shareholders (investors) still need to pay personal income tax when they are receiving 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1	   Hurdle	  rate	  is	  the	  IRR	  that	  a	  PE	  fund	  must	  achieve	  before	  the	  GPs	  receive	  any	  carried	  interest.	  The	  hurdle	  rate	  is	  
typically	  in	  the	  range	  of	  7	  percent	  to	  10	  percent.	   	  
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dividends as the return of their investments. Since there is no corporate tax payment in the 

structure of limited partnership, investors only need to pay personal income tax, which is 

particularly on a lower level than the dividends (Demaria, 2013). Thirdly, the partnership is 

set up as closed-end fund with finite lifespan of ten to fifteen years. LPs cannot generally 

withdraw their investment and future commitment before the termination date without the 

approval of GPs. The transfer of limited partnership units is restricted so they cannot be 

easily bought and sold. As a comparison, corporate shareholders can sell their shares in the 

market (Gilligan and Wright, 2010). Fourthly, LP is not allowed to participate in the active 

management of funds and the liability is only limited to the committed capital. GP has 

unlimited liability to the consequences of all investment activities and decisions. Therefore, 

investors are protected by risk limitation with the maximum loss of committed capital, and 

fund managers have to balance the investment risk and returns due to their unlimited 

exposures to the investment options. 

2.4 Market participants  

2.4.1 Investors 

Institutions such as banks, insurance company and pension funds, individuals who have 

large amount of personal wealth and are considered as informed and aware of private 

equity risks, and other profit or non-profit organizations like foundations, endowments and 

associations, are the capital sources for private equity (Demaria, 2013). The major different 

factor between institutional investors and individuals or smaller organizations obviously is 

size. Institutional investors represent the bulk of capital invested in Private Equity.  
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Figure II 
European Fund raised by type of investor - % of total amount 

 

Source: European Private Equity & Venture Capital Association, 2012 (hereinafter EVCA) 

According to the data presented by Figure II, pension funds2 and fund of funds3 are two of 

the largest investors investing capital in private equity, accounting for about a quarter of 

total committed capital for each on average. Then the second tier investors that account for 

about 10%-15% of capital for each on average are banks, family offices4, and government 

agencies5.  

The sharp decline of the amount of capital raised by new funds in 2009 was obviously 

resulted by the collapse of the world’s debt markets and a deepening economic crisis 

around the world. The crisis not only resulted in the lack of available capital provided by 

institutional investors, but also forced fund managers to fully utilize their capacity and time 

to deal with the emerging problems in their existing portfolios. In 2008, mark-to-market 

portfolio losses of KKR, Blackstone, Carlyle and other well-known PE firms were at 

30%-40%. PE firms had over USD 400 billion of unused LP commitments, and liquidity 

constrained LPs signaled their resistance to additional capital calls (Rizzi, 2009).  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2	   Pension	  funds:	  A	  pension	  fund	  that	  is	  regulated	  under	  private	  or	  public	  sector	  law	  (EVCA,	  2012).	  
3	   Fund	  of	  Funds:	  A	  private	  equity	  fund	  that	  primarily	  takes	  equity	  positions	  in	  other	  funds	  (EVCA,	  2012).	  
4	   Family	  office:	  An	  office	  that	  provides	  investment	  management	  and	  other	  financial	  services	  to	  one	  or	  several	  
families.	  
5	   Government	  Agencies:	  Country,	  regional,	  governmental	  and	  European	  agencies	  or	  institutions	  for	  innovation	  
and	  development.	  
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2.4.2 Fund Managers 

Globally, GPs manage approximately $1 trillion of capital (Metrick and Yasuda, 2010). 

Major GP includes well-known global institutions such as Blackstone Group, KKR, and 

Carlyle. Each of them has tens of billions under management in different funds. These 

major GPs tend to focus on larger transactions, primarily P2P6.  

GPs operate their business as a cycle. First, they form a fund and raise commitments from 

LPs. Then they source suitable deal flows and make the investments. In the end, they exit 

their investments with profit distribution to themselves and LPs. They repeat this process 

successfully with compact pace. If there are financial crisis or economy depression, they 

will also slow their operation cycle. 

GPs normally add value in the following three ways: First, they buy portfolio companies 

with fair price or even undervalued price during the tough time of economy, and then sell 

them in boom market, in order to make the overpaying profit. Second, they also enjoy the 

real growth of the companies from smaller to bigger. Third, it is possible that GPs utilize 

exit multiple expansion that is dependent on the state of M&A market (Rizzi, 2009).  

2.4.3 Advisors 

Private equity funds outsource many functions to investment bankers, accountants, lawyers 

and intermediaries. Investment banker could be a source of deals and capital for the private 

equity fund, and accountants are responsible for advising due diligence and taxation for 

transactions and on-going audit and tax issue for individual investee companies. Similar 

with accountants, lawyers are the providers of legal and tax advice on transactions and 

fund raisings. In the private equity market, there are also some intermediaries like 

consulting companies that have strong networks can provide deal resources or money 

raising services for private equity funds (Gilligan and Wright, 2008). 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
6	   A	  public	  to	  private	  equity	  transaction	  involves	  bidding	  for	  a	  publicly	  quoted	  company,	  usually	  by	  a	  newly	  
incorporated	  unlisted	  company	  specifically	  set	  up	  for	  the	  purposes	  of	  the	  deal	  (Weir,	  Jones	  and	  Wright,	  2008)	  
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2.5 Value Creation Process 

Value creation through active management is core principle of private equity. In the first 

phase, fund managers need to actively source the investment opportunities. Opportunity 

sourcing is an essential skill for fund managers, but can be difficult because there is only 

limited amount of good projects available for the relatively a large amount of fund 

managers. Fund managers are very sensitive to the market and work intensively to source 

nearly all possibilities through a variety of channels, including internal analysis, networks 

and intermediaries.  

After sourcing process, fund managers will look at the viability of companies and the 

potential returns available. This process is preliminary analysis and can happen very 

quickly. Then fund managers will conduct due diligence to the filtrated companies. Due 

diligence is an independent and detailed analysis process for a given target company 

(Demaria, 2013). This includes analysis of company valuation, financial statement, 

competitors and industries, management and share ownership, expectations and risks. The 

entire process will take several months or even a year or more, and create detailed 

information for final investment decision (Street of Walls, 2013).  

When the fund has successfully invested in the portfolio companies, it means GPs have 

become the shareholders and been involved in management of companies. In addition to 

financing support, fund managers also help companies make a better strategic business 

plan, improve the corporate governance, and enhance the market access capability. This 

will strongly increase the possibilities that a start-up company can grow up to a 

medium-sized company or even to be listed. When the company grows strong enough and 

causes the interest of potential buyers, the fund managers could consider investments exits 

and return liquidation.  

Realizing return on the investments is the final objective for private equity investors. 

Therefore, performing exits is the last step for achieving this goal and has significant 

influence on the GPs’ reputation. The number of successful exits achieved by a certain GP 
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will be the most important part of track record to attract more powerful investors and 

investee companies for following funds. Generally, there are several ways available for 

exit. The most popular, profitable and reputational way is the initial public offering (IPO), 

which provides possibilities for GPs to sell their shares to public market under strict 

regulatory requirements and restrictions after the companies are listed. The share price will 

be higher than expected if the market condition is favorable and the GPs can earn tens of 

times return or even higher from the IPO. The more importantly, IPO of a company is 

always attracting eyeballs from the industries and thus significantly expand the GPs’ 

reputation, networks and market influence. This will significantly create favorable 

environment for their future operations. GPs can also exit their investment by selling the 

company ownership in private market. The potential private buyers could be other business 

companies such as industry competitors or suppliers, another private equity firm, and even 

management teams who want to fully control the company. This exit process will be more 

efficient and fast than IPO because it is a private and two parties’ negotiation, and is not 

subject to the regulatory restrictions applicable to IPO transactions. It could be one 

alternative when the IPO market is not in the good condition.  

One of the successful cases of exit can be the investment of Blackstone Group to China 

National BlueStar Corporation. Blackstone is a leading global private equity company and 

has been listed in NYSE. In 2005, Blackstone entered into Asian market and focused on 

private equity and real estate business. In 2007, the firm opened a private equity office in 

Hong Kong, to market its operational expansion to Greater China. If compared with other 

leading private equity companies like Carlyle, TPG capital and KKR, the access time of 

Blackstone to China was relatively late (LeeMaster and Nie, 2007). After reviewing 

potential investment projects, in mid of 2007 Blackstone started to discuss a possible 

investment in BlueStar, which was the major manufacturer of new chemical products and 

specialty chemicals in China and planned to expand its business into global market. In 

September 2007, Blackstone successfully bought 20% stake in BlueStar with a sum of 

$600 million during a time when most foreign private equity deals ranged from $50 

million to $100 million in China (Carew, 2009).  
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The successful deal can be attributed to the Blackstone’s expertise in the chemical industry. 

The historical investments in chemical companies made Blackstone a credible and 

appropriate investor for BlueStar. Ren Jianxin, who is the founder of BlueStar, believed 

that Blackstone’s experience in global chemical industry could help BlueStar advance its 

global strategy. Therefore, not only Blackstone provided capital support, enhanced the 

corporate governance and improved the management system, but also accelerated 

international expansion through its global network (Koch and Ramsbottom, 2008).  

In addition to the field expertise, time was also another factor that resulted in the success of 

Blackstone. During the negotiation period, SASAC (Stated-owned Assets Supervision and 

Administration Commission) was strongly pushing the expansion of SOEs (Stated-Owned 

Enterprises) like BlueStar to become global players in their respective fields. This created 

financial difficulties to those small or medium sized SOEs that are lack of money (Kim, 

2014). However, private equity funds can exactly solve their financial problems and carry 

out the governmentally strategic reform. Lucky Blackstone was supported by Chinese 

government during the time when central government tightened scrutiny of big foreign 

purchases of state assets amid rising nationalistic sentiment (LeeMaster and Nie, 2007). 

Therefore, Blackstone had limited competitions. 

After strategic alliance with Blackstone, BlueStar was quite successful with their global 

strategy and growing quite fast to become a pre-IPO company. Although it has failed twice 

in a Hong Kong IPO of BlueStar Adisseo Nutrition Group, a unit of BlueStar, due to 

excessive market volatility7, the value of BlueStar has already increased a lot (Kim, 2014). 

2.6 Contribution to The Economy 

Many management teams are worried about their companies becoming the target of hostile 

bid from a private equity firm. Many employees are losing their jobs due to buyout of 

private equity fund. There are also a lot of other critics to private equity because of 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
7	   The	  slump	  in	  share	  offerings	  has	  made	  private	  equity	  investors	  difficult	  to	  sell	  their	  holdings	  in	  unlisted	  
companies	  via	  the	  stock	  market.	  Investor	  wariness	  amid	  a	  slump	  in	  the	  stock	  market	  made	  Hong	  Kong’s	  IPO	  
market	  downtrend.	  Regulators	  in	  China	  also	  slowed	  approvals	  of	  IPOs	  that	  would	  list	  in	  Shanghai	  or	  Shenzhen	  
(Deng,	  2012).	   	  



	   27	  

excessive leverage use, lack of transparency and regulation, putting people out of work, 

and overpaying the fund managers (Pozen, 2012). However, based on Adam Smith’s 

invisible hand theory that any organization type that gains market share in a free market 

economy is likely to be having a positive economic impact, the economic impact of private 

equity appears to be positive even there have been legitimate challenges to private equity 

from tax payers and pensioners where the invisible hand is not at work (Campbell, 2008). 

In theory, private equity backed companies need to achieve their growth strategies by 

improving cash flow, reducing costs and seeking efficiencies. In some cases, cut back and 

restructuring are healthy tactics to return firms to profitability and growth, and firms have 

to keep up with competition with the sacrifice of job axe, which will increase the operating 

efficiency of the whole economy (Odland, 2012). 

Frontier Economics released a report in 2013 about exploring the impact of private equity 

on economic growth in Europe. Based on the economic growth models8, their methodology 

was researching effect of the chain that runs from private equity to economic growth. The 

chain was divided into three parts: private equity activities, investment outcomes and 

long-term impacts, which were supposed to be useful to identify and describe in detail the 

dimensions that matter most in improving the understanding of the role of private equity. 

In the end, they concluded that companies invested by private equity have better 

innovation and productivity, which are directly associated with economic growth and can 

also be translated into increased competitiveness for the economy. Strömberg (2009) 

summarized research findings that are related with private equity impact on the overall 

economy and concluded that there is a clear positive relationship between private equity 

investment activity and economic growth. 

With a novel dataset on global activities in 19 industries across 48 countries from 1990 to 

2011, Aldatmaz and Brown (2013) found that private equity investments generate positive 

spillovers to the broader economy on average. On the financial side, industry stock market 

increases after venture capital investments. In Australia, companies invested by private 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
8	   Economic	  growth	  models	  link	  economic	  growth	  with	  the	  amount	  and	  productivity	  of	  capital	  and	  labor,	  and	  the	  
changes	  to	  productivity	  that	  arises	  from	  technological	  change.	  



	   28	  

equity make a significant contribution to the domestic economy. Private equity ownership 

generally results in growth in revenue and employment in Australia, and the total impact 

on the economy is even greater (ACVAL, 2012). 

Private equity also has the role of promoting economic recovery from deep recession and 

financial crisis. Shapiro and Pham (2009) compared the private equity contribution before 

and after the crisis in US, and then concluded that private equity sector can play a 

constructive and positive role during the period of the current recession and its initial 

recovery. In UK, private equity played a critical role in the UK’s recovery from the debt 

crisis and was well aligned with the government’s efforts to rebalance the economy. 

Private equity backed companies remain focused on growth and are optimistic of achieving 

it under the capital injection support of private equity funds (PricewaterhouseCoopers, 

2012).  

3. PRIVATE EQUITY PERFORMANCE 

3.1 Performance Measurement Methods 

As private equity investments are rarely traded on secondary or public markets, and the 

pricing of such investments is not publicly disclosed, analysts usually rely on cash flow 

history of a fund when determining the returns (Diller and Kaserer, 2008). For that purpose, 

the cash flow weighted internal rate of return (IRR) and multiples are generally used for 

quantitative measurement. 

The IRR is the rate at which the net present value of cash inflows equals the net present 

value of cash outflows. The formula is the following: 

𝑁𝑃𝑉 =
𝐶!

1+ 𝑟 !

!

!!!

= 0 

IRR can be calculated in net or gross terms. The distinction between gross and net IRR is 

important. Gross IRR relates cash flows between the private equity fund and its portfolio 
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companies and is often considered a good measure of the investment management team’s 

track record in creating value. Net IRR can differ substantially from Gross IRR because it 

is net of management fees, carried interest and other compensation to the GP. Net IRR 

relates cash flows between the private equity fund and LPs, and so captures the returns 

enjoyed by investors.  

IRR provides a percentage-based measurement that explicitly takes the irregular timing of 

private equity cash flows into account. It solves the issue of inaccuracy of periodic returns, 

accounts for the time value of money, and gives a comprehension of the nature of the fund 

performance. However, there are also controversies over using IRR to measure fund 

performance. The first is computational difficulties. In the case that unsymmetrical cash 

flows change the sign more than once, the IRR may have multiple values. There may be 

more than one solution to satisfy the IRR equation. It is also possible that given a stream of 

cash flow, the IRR is not mathematically defined, that is, there is no solution. Secondly, a 

single high IRR cannot be proof of excellent performance. Some GPs may be tempted to 

sell companies quickly in order to generate a high IRR, that is, early distribution of cash 

flows and early termination of a fund can boost measured returns, for the reason that IRRs 

can implicitly put higher weight on short-term returns. Conversely, large cash inflows in 

the later period of a fund do not significantly boost a positive IRR, since each cash flow 

carries a weight inversely proportional to its time in the investment. One example is given 

in the Table I. Both funds have impressive and similar IRRs, 64 percent and 73 percent. 

But Fund B has a relatively large distribution seven years after inception and generated 

more than twice the wealth of Fund A. The reason is simple: the time factor.  
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Table I 
Comparison of IRRs 

YEAR FUND A FUND B 
0 -5 -5 
1 -10 -10 
2 -15 -15 
3 45 45 

0 4 0 
5 0 0 
6 0 0 
7 0 20 

PAID-IN 30 30 
TOTAL 
VALUE 45 65 

WEALTH 15 35 
IRR 64% 73% 

TVPI 1.50 2.17 

Source: Inside Private Equity, The Professional Investor’s Handbook (2009). 

In addition to IRR, multiples are used frequently as a measure of performance. Multiples 

simply measure the total return to investors relative to the total sum invested. The ratios let 

LPs know how much they gained for each euro invested, and are valuable to determine the 

absolute value created by a given investment, excluding the fees and carried interest. Their 

ability to differentiate between realized and unrealized return to LPs and the simplification 

of calculation make multiples very popular among LPs. According to research undertaken 

by CFA Institute, four multiples used most frequently by LPs and also defined by Global 

Investment Performance Standards (GIPS) that provide additional information about 

private equity funds performance are as follows: 
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PIC (paid in capital): the ratio of cumulative drawn down capital9 to date divided by 

committed capital10. 

𝑃𝐼𝐶 = 𝑃!

!

!!!

𝐶!

!

!!!

 

DPI (distribution to paid in): cumulative distributions paid to LPs divided by the 

cumulative invested capital.  

𝑃𝐼𝐶 = 𝑃!

!

!!!

𝐶!

!

!!!

 

RVPI (residual value to paid-in capital): value of LPs’ shareholding held with the private 

equity fund divided by the cumulative invested capital. 

𝑃𝐼𝐶 = 𝑃!

!

!!!

𝐶!

!

!!!

 

TVPI (total value to paid in): the distributed and undistributed value of portfolio 

companies divided by the cumulative invested capital. 

𝑃𝐼𝐶 = 𝑃!

!

!!!

𝐶!

!

!!!

 

PIC shows investors the percentage of a fund’s committed capital that has actually been 

drawn down or utilized (Allison, 2014). It can be one of indicators utilized by investors to 

evaluate the GPs’ abilities to find suitable portfolio companies. When the PIC is lower than 

estimated, it is possible that GPs have difficulties in reaching deal flows due to some 

reasons, such as hard competition and poor networks.  

DPI provides an indication of the private equity fund’s realized return on investment with 

net of management fees and carried interest. It tells us what proportion of money that had 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
9	   In	  the	  private	  equity	  world,	  money	  that	  is	  committed	  by	  limited	  partners	  to	  a	  private	  equity	  fund,	  also	  called	  
committed	  capital,	  is	  usually	  not	  invested	  immediately.	  It	  is	  "drawn	  down"	  and	  invested	  over	  time	  as	  investments	  
are	  identified	  (Allison,	  2014).	   	   	   	  
10	   Drawdowns,	  or	  capital	  calls,	  are	  issued	  to	  limited	  partners	  when	  the	  general	  partner	  has	  identified	  a	  new	  
investment	  and	  a	  portion	  of	  the	  limited	  partner's	  committed	  capital	  is	  required	  to	  pay	  for	  that	  investment	  (Allison,	  
2014).	  
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been drawn down by GPs has so far been paid back. Distributions include cash and stock, 

with the latter being valued at the date of distribution (Preqin, 2014). Zero of DPI is 

equivalent to no distributions to investors, and a DPI of one indicates that the fund has 

reached breakeven point, which means LPs have so far received back exactly the same 

amount that they had initially paid. However, DPI is not a perfect measure of returns due 

to two reasons. The first is that it excludes all of unrealised returns when the fund is not yet 

at the end of its life. Secondly DPI will be biased when a fund has not yet to invest all of 

its capital and there is new money drawn down or early investment exit (Ellis, Pattni and 

Tailor, 2012).  

RVPI could be a well supplement of DPI as it measures how much of a fund’s unrealised 

return relative to paid in capital. This ratio is particularly suits funds that are in their early 

stage of life, especially when exit has not happened and there is no distribution to LPs, but 

its weakness is also obvious that it excludes realised return.  

Comparatively, TVPI is the best multiple measurement giving the overall performance of a 

PE fund. It includes the realised and unrealised return and thus is the sum of DPI and 

RVPI.  

Although frequently used by PE investors as an indication of how individual fund has 

performed, multiples suffer from clear drawbacks. Firstly, it is easy to realize that 

multiples do not consider the time value of money. For example, a multiple of 1.5X over 

twelve years of fund life cannot be regarded as strong performance, or a multiple of 1.5X 

over shorter life span is better than that over longer life span. Therefore, LPs should 

concern time value when they are using multiple measurements. Another drawback is 

about the value estimation of unrealised return, which is known as net asset value (NAV). 

This is because that NAV may be subject and could be calculated by various ways (Ellis, 

Pattni and Tailor, 2012). In other words, it is possible that subjective NAV could be 

manipulated by GPs, thereby resulting in a misleading final performance (Ljungqvist and 

Richardson, 2003). However, Ellis and Steer (2011) found that there is no evidence of 

systematic over-optimistic valuation of unrealised return. 
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As above mentioned, IRR and multiples are not perfect measurement and thus cannot be 

fully relied by LPs. Therefore, in addition to quantitative measurement of return, a 

qualitative analysis of PE fund is also necessary, including analysis of all realized 

investments since inception, analysis of unrealized investments with estimated exit time 

and potential problem evaluation, cash flow forecast in both fund and portfolio level, and 

analysis of portfolio valuation, financial statement and NAV (CFA Institute, 2014).  

Even though institutional investors consider that experience and track record are the most 

important elements when selecting a private equity fund, they must be able to evaluate the 

performance of fund management team without having the full picture of its investment 

success (Demaria, 2013). It is the best interest of LPs to understand what was driving the 

generation of profit. In 1980s Leon Cooperman concluded that a large portion of fund 

returns were from bull market debt-equity arbitrage not GP skills (Rizzi, 2009). Kaplan 

and Strömberg (2009) pointed out that PE fund returns are consistent with the market 

boom and bust cycle driven by fund raising and capital market conditions. Kaplan and 

Schoar (2003) also verified the positive correlation between fund returns and GP’s 

experience. 

3.2 Benchmarking the Performance 

As most widely used performance measurements of PE funds, IRR and multiples are cash 

flow based return and cannot be directly compared with time-weighted rates of return11 of 

other asset classes. The lack of comparability creates difficulties for investors to distribute 

their investment portfolios among asset classes.  

To solve this problem, Long and Nickels (1996) firstly proposed the Index Return 

Comparison, which is also known as public market equivalent (PME), to measure the 

performance of a private investment relative to the performance of a public stock index.  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
11	   TWR	  represents	  the	  return	  achieved	  by	  investors	  over	  periods	  of	  time,	  and	  each	  time	  interval	  carries	  the	  same	  
weight	  independent	  of	  money	  invested.	  Unlike	  TWR,	  IRR	  involves	  the	  computation	  of	  present	  value	  and	  is	  very	  
sensitive	  to	  both	  time	  and	  size	  of	  cash	  flows	  (Rouvinez,	  2003).	  The	  features	  of	  IRR	  were	  also	  mentioned	  in	  the	  
performance	  measurement	  section.	  
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The PME method allows investors to compare IRRs with the returns that public markets 

would have yielded over the same timing of cash flows. Figure presents an illustrative 

calculation of PME, which creates a hypothetical investment vehicle that exactly mimics 

private equity cash flows (Ellis, Pattni and Tailor, 2012). In the end, the resulting NAV for 

the hypothetical vehicle, that is PME NAV (PMV), decided the comparison result between 

PE fund and public stock index. If the PMV is larger than the NAV of PE fund, then the 

public market has outperformed the PE fund, and vice versa. 

Table II 
Example of PME comparison method 

 

   Source: British Private Equity & Venture Capital Association (2012) 

In addition to research on the benchmarking method, several papers also refer to empirical 

evaluation of PE performance in comparison with public market by using different data 

samples and methodologies. Ljungqvist and Richardson (2003) claimed that private equity 

generates five to eight percent return per year gross of fees relative to the aggregate public 

equity market represented by S&P 500. Further research (Chen, Baierl and Kaplan, 2002) 

used 148 VC funds between 1960 and 1999 from Venture Economics to compare with the 

US stock market and International stock market, and found that VC funds had yearly 

arithmetic average return of 45% and a yearly compounded average return of 13.4%. The 

authors concluded that VC funds have higher return than traditional assets, and there is 

nearly no correlation between VC and publicly traded equity. However, Jones and 

Rhodes-Kropf (2004) expected that PE funds net of fees have zero alphas on average based 

on data of 1245 funds. By using a data set of individual fund returns (from 1980 to 1997) 
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collected by Venture Economics, Kaplan and Schoar (2003) also found that the average PE 

fund returns net of fees are roughly equal to those of S&P 500, and gross of fees are higher 

than S&P 500, with authors’ suggestion that the result could be driven by a potential bias 

since the sample potentially suffers from a positive selection bias resulting market risk 

underestimation. There is even a literature (Phalippou and Gottschalg, 2009) concluding 

that an average net of fees PE fund return of 3 percent per year lower than that of the S&P 

500, by analyzing 852 funds that they consider liquidated effectively. Similarly, Driessen, 

Lin and Phalippou (2008) developed a new GMM-style12 methodology to analyze the 

abnormal returns of non-traded asset with a sample of 958 mature PE funds spanning 24 

years. They found significant under-performance for VC funds, and no abnormal return for 

buyout funds.  

It is interesting to find that previous studies concluded different results of PE fund 

performance evaluation due to different samples, methodologies and assumptions. But 

generally, the overall finding from relevant studies is that PE funds have generated lower 

returns than comparable public indices after adjusting for risk (Söderblom, 2011).  

One question came to mind is that, now that PE funds have lower returns than market 

return after adjusting for risk, why do the investors still select PE funds as part of their 

investment portfolios instead of excluding PE investments? It seems that smart investors 

make apparently unadvisable choices. Alex Bance (2004) summarized that the introduction 

of private equity can further improve the diversification of a balanced portfolio by bring 

the investors to smaller companies market. Meanwhile, GPs are allowed to access to the 

company inside information that is not available in public markets, and be able to support 

entrepreneurs for the rapid growth of innovations. GPs generally seek active participation 

in a company’s strategic direction, and increase the efficiency of strategy implementation.  

There are different interests for different investors to invest in PE. Institutional investors 

normally invest in PE for strictly financial reason that they can benefit from the 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
12	   The	  GMM-‐type	  methodology	  is	  based	  on	  moment	  conditions	  that	  state	  that	  expected	  discounted	  dividends	  
should	  equal	  expected	  discounted	  investments,	  where	  the	  discounting	  is	  done	  using	  a	  factor	  pricing	  model	  of	  
which	  the	  parameters	  are	  to	  be	  estimated	  (Driessen,	  Lin	  and	  Phalippou,	  2008)	  
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diversification. Banks are using PE investments to scale their traditional business, such as 

generating lending opportunities to the firms in which they invest. Non-financial 

institutions basically invest in PE for fitting their own strategies (Stephen D. Prowse, 

1998). 

4. LITERATURE REVIEW 

4.1 Fund Type 

Fund type seems to be highly related to fund performance because venture capital and 

buyouts have totally different focus and characteristics as we mentioned. Ljungqvist and 

Richardson (2003) used unique dataset of private equity funds over the last two decades 

with very detailed data including cash flow of each fund, exact timing of every investment, 

capital returns to investors and the number and types of companies each fund invested in. 

They performed cross-sectional analysis of the determinants of private equity returns and 

concluded that fund type (buyout verse venture) could be related to the excess IRRs.  

More persuasively, Driessen, et al. (2008) used the estimation methodology of risk 

exposure (beta) and abnormal performance (alpha) to measure the difference between 

venture capital and buyouts. With over 25000 cash flow observations in 958 private equity 

funds between 1980 and 2003, the paper resulted that venture capital funds had a market 

beta of 3.21, while buyout funds had a beta of 0.33. Venture capital funds also had a 

significantly negative alpha, and buyout funds had a slightly positive alpha but statistically 

insignificant. Therefore, VC had a significant underperformance and BO had no abnormal 

performance.  

Similar with Driessen, et al., Phalippou and Gottschalg (2009) found that buyouts funds 

had better performance than venture capital. They compared the performance difference by 

using of average PI (Profitability Index)13. The average PI is 0.81 for VC and 0.91 for BO. 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
13	   Profitability	  Index	  (PI)	  is	  the	  present	  value	  of	  the	  cash	  flow	  received	  by	  investors	  divided	  by	  the	  present	  value	  
of	  the	  capital	  paid	  by	  investors.	  Discount	  rates	  are	  the	  realized	  S&P	  500	  rate	  of	  return.	  A	  PI	  above	  1	  thus	  indicates	  
outperformance	  (Phalippou and Gottschalg, 2009).	  
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Das et al. (2003) also examined 52322 financing rounds in 23208 unique investee firms 

over the period from 1980 to 2000 by venture capital and buyout funds, and estimate the 

probability of exit, time to exit, exit multiples, and the expected gains from private equity 

investments. They found that probability of exit increases as they move from early to later 

stage investee companies. 44% of the companies in the position of late-stage financings 

experienced a liquidity event, while only 34% of early-stage companies had a successful 

exit.  

4.2 Fund Size 

Laine and Torstila (2005) researched 138 liquidated U.S. venture capital funds and 

investigate the outcomes of their 4549 portfolio companies. They examined the exit rate, 

which is proportion of successful exits to portfolio companies for each fund, to measure 

the fund performance. The article found that larger fund had significantly higher exit rates. 

The same way to measure the fund performance was used by Hochberg, Ljungqvist and Lu 

(2007), who tried to research on importance of networks on fund performance. They found 

that there was clearly positive and significant correlation between funds’ size and their 

networks. The fund size and performance were also positively correlated due to positive 

relationship between networks and performance.  

Nikoskelainen and Wright (2007) targeted buyout funds and believed that size of buyout 

could be influential in determining returns. Their assumption was that investors might wish 

to invest in sizeable investments that can be expected to provide high absolute returns that 

will increase the return of fund. They thought that smaller portfolio companies invested by 

smaller buyouts fund might be more difficult to exit due to lack of interest from large 

industrial buyer and difficulties in meeting the scale required for a public listing. 

Empirically, the authors manually collected data comprising 321 exited buyouts in UK in 

the period of 1995 to 2004 and concluded that larger buyouts provided higher absolute 

returns. 

Cumming and Walz (2004) found that fund size are positively related to performance but 
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not fund sequence (a proxy of experience), based on the data of 221 venture capital and 

private equity funds that are part of 72 venture capital and private equity firms. Their 

methodology was multivariate regression analysis with ordinary least squares. 

4.3 Geography 

Geographical focus of a fund might be an important factor of performance. Hege et al. 

(2009) directly compared the success of venture capital investments in US and Europe by 

analyzing the value in the individual venture-backed companies. Based on 

company-leveled data, the authors measured the IRR of every portfolio company of each 

fund, between the first financing round and the last round valuation of the project. Their 

results suggested that US venture capitalists generated significantly more value with their 

investments than European counterparts. This result was supported by research of 

Phalippou and Gottschalg (2009), who included both VC and BO to their sample. 

The geographic focus may also influence performance as well. With the sample of 33 

quoted European venture capital companies over the period from 1977 to 1991, Manigart 

et al. (1994) indicated that fund firms that are geographically specialized, have a yearly 

excess return that is significantly 16.18 percent lower than fund firms with a broader 

investment scope. Having a geographical investment specialization does not give a 

competitive advantage to fund firms. However, there is also paper with contrary results. 

Gompers et al. (2009) concluded that generalist PE firms tend to underperform relative to 

specialist firms, when studying a set of 122 VC firms.  

4.4 Skill of fund managers 

Söderblom (2011) argued that there are several studies regarding management team’s skills 

as one of the most important determinants of excess returns. The skills are in several 

dimensions, including their ability to identify beneficial deal flows and provide 

professional support to portfolios. More experienced and skilled PE firms can earn higher 

returns and have higher survival rates in comparison with less experienced peers 
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(Phalippou and Gottschalg, 2009). Diller and Kaserer (2008) found that an increase of 1 

percentage point in the IRR of the preceding fund led to an increase of about 0.5 

percentage point in the IRR of the follow-on fund, which meant that GPs’ skill had 

positive relationship with performance of following funds.  

Hochberg et al. (2007) analyzed the relationship between PE firm’s network and 

investment performance. They measured the performance by the proportion of investments 

that are successfully exited through the IPO or sale to other companies. They also 

measured the networks in use of five factor methods, which is to look at the influence of 

PE firms in five aspects. The conclusion was that better-networked VC firms experienced 

significantly better fund performance. Similarly, Strömberg (2007) LBO (Leveraged 

Buyout) transactions sponsored by more experienced private equity partnerships tend to 

stay in LBO ownership for a shorter period of time, are more likely to go public, and are 

less likely to end in bankruptcy or financial restructuring. With a sample of 122 UK 

buyouts over the period 1995–2002 and a matched sample of non-PE-backed UK 

companies, Cressy (2007) reached the same result that initial profitability of the PE-backed 

company plays a major role in post-buyout profitability, suggesting that skill in investment 

selection and financial engineering techniques may be more important than managerial 

incentives in generating higher PE company performance.  

4.5 Industry 

In addition to the result of different exit probability between venture capital and buyouts, 

Das et al. (2003) also resulted that there is high cross-sectional variation in the probability 

of an exit across different industries. Relative to new ventures, the high-tech, biotech, and 

medical sectors had a higher successful exit probability than other industries.  
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5. EMPIRICAL ANALYSIS 

5.1 Data 

Collecting comprehensive and professional private equity data is not an easy thing because 

general partners raise the fund and make investment privately. Unlike public traded 

products, PE funds are not supervised by publicity and GPs have no duty to publish the 

financial information to outside. Therefore, the data resources are limited and there are 

only a few databases providing PE data with limited access possibility.  

We collected cross-sectional data in my preliminary data collection. There were a total of 

4180 PE funds whose IRR measurements were available. Each fund had the information of 

vintage year14, fund type, fund size range, IRR, TVPI, Investment Industry, Fund Sequence, 

Primary Market. The description of the information is shown in (Table LV). 

Of these 4180 funds, VC and BG are the two main asset classes in PE that they have 1793 

and 1681 funds respectively. Mezzanine & Distressed (MD) and Natural Resources (NR) 

just have 392 and 314 funds that are only a small portion of PE. Of the four asset classes, 

VC has highest pooled IRR 16.15% with highest standard deviation 2.35, and MD has 

lowest IRR 11.31% with lowest standard deviation 0.7 (Table LVII). Within the 

preliminary sample, the number of PE funds in United States is 2869, which is much 

higher than the number of 505 in Europe, 408 in Asia/Pacific and 398 in the rest of world. 

Although PE funds in US has the similar pooled IRR 14.42% with 14.94% in Europe, the 

standard deviation of PE funds in US is doubled if compared with that in Europe, which 

means the IRR adjusting for risk in US is lower than that in Europe. In addition to US and 

Europe, PE funds in Asia/Pacific have similar returns and risk with those in the rest of 

world (Table LVIII). 

After we got our preliminary data of 4180 funds, we decided to filtrate it based on criteria 

below: 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
14	   Vintage	  year	  is	  the	  year	  in	  which	  the	  first	  influx	  of	  investment	  capital	  is	  delivered	  to	  a	  project	  or	  company.	  
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• PE funds have no missing value 

• The vintage year of PE funds are from 1985 to 2008 

• PE funds size are more than 30 million US dollars 

• The primary markets of funds are in US or EMEA (Europe, Middle East and Africa) 

• Types of PE funds are venture capital or buyouts 

The vintage year range in our preliminary data is from 1980 to 2013. We narrowed the 

vintage year range to 1985 to 2008 during filtration. The reason why we excluded the 

funds with the vintage years earlier than 1985 is that there is only one fund available in 

sample in the vintage year of 1980 and 1984, three funds available in 1981 and 1983, and 

four funds in 1984. We believed that the sample with the vintage years from 1980 and 

1984 is too small to be analyzed. About the exclusion of the funds with the vintage years 

later than 2008, our purpose is to make sure that the funds in our sample have enough time 

to make investments that can be included in the measurement of IRR. We want to get rid of 

those funds that have few investments and contingent IRRs. With the same purpose to 

avoid contingent IRR is our sample, we excluded the funds with the size less than 30 

million US dollars since we believed that small-sized funds can only make few 

investments.  

As Figure III shows, IRR has rightly skewed distribution driven by outliers. So we decided 

to remove the outliers from our sample to make it closer to normal distribution (Figure IV). 

Above all, our sample focuses on the sizeable venture capital and buyout funds with the 

vintage year from 1985 to 2008. Therefore, there are 997 funds left and forming our 

sample. 

5.2 Sample Descriptive Analysis  

Of these 997 funds, buyouts have similar amount of funds with venture capital, 519 for 

buyouts and 478 for venture capital. Of all of investment industries, communications and 

media is the most popular industry with investments of 166 funds, of which nearly two 



	   42	  

third are venture capital and one third are buyouts. The second and third most popular 

sectors are medical/health and industrial/energy, respectively are 142 and 119. Fewer fund 

managers focus on computer hardware and Semiconductors industries since there are only 

9 and 22 funds available within 997 funds (Table LIX).  

The average IRR of the sample is 8.65%, and the IRR of VC is lower than that of BO. VC 

also has higher standard deviation than BO since VC is investing companies in the earlier 

stage. The IRR range of BO is from the minimum IRR -100% to the maximum IRR 

114.64%, and the IRR range of VC is from the minimum IRR -86.85% to the maximum 

IRR 147.33% (Table LX). Similar with IRR comparison, BO has higher average TVPI, and 

lower standard deviation than those of VC (Table LXI). 

Figure V shows the trend of Median IRR and TVPI categorized by vintage year. The 

reason why we use the median instead of arithmetic average is to eliminate the effect of 

outliers. Median IRR and TVPI stay in positive during the whole period, while they 

continuously decline and have large volatility. 

In order to look at the trend of average fund size categorized by vintage year, we 

transformed the size range to number one to six that represent different fund size range 

from smallest to largest. From 1985 to 2008, the average fund size grew gradually from 2 

(50.1 - 100 M) to 4 (300.1 - 500 M). Especially during the four years period from 2003 to 

2007, the average fund size grew more than sixty percent from 3(100.1 - 300 M) to 5(100.1 

- 300 M), which could be one of the results of private equity boom at that time. And the 

following sharp decline from 2007 to 2008 was obviously resulted by financial crisis 

(Figure VI). In our sample, 330 funds are in the range of 100.1 - 300 M, which is the most 

popular fund size. The second mostly used fund size is the range of 50.1 - 100 M with 195 

funds. The numbers of funds in other size range are slightly higher than 100 and similar 

with each other (Table LXII). 
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5.3 Hypotheses 

Firstly, we would like to test whether the fund type is an important factor on the fund 

performance. Existing studies resulted that fund type could be related to the returns and 

buyout funds have better performance than venture capital funds. Venture capital is 

targeting portfolio companies that are in the seed, startup or expansion phases, and buyout 

funds normally focus on the mature and sizable portfolios. It can be imagined that those 

small-sized companies invested by venture capitalists need to overcome many obstacles on 

the way of growth and thus the probability of success will be relatively low. It is in the 

nature of venture capital investing to see a significant proportion of the portfolio company 

fail. Differently, mature and sizable companies have had steady market share and their 

technologies have already been mature enough to be accepted by market. Therefore, 

portfolios invested by buyout funds are more likely to generate stable cash flows. We think 

that fund type (venture capital or buyouts) could be a significant determinant for fund 

performance. 

Secondly, we want to look at the relationship between fund size and performance. We 

believe that bigger fund would have stronger bargaining power and is much easier to 

negotiate with potential investment companies. Bargaining power is supposed to be very 

important for a fund’s successful since an excellent portfolio company normally receives a 

lot of investment intentions from GPs, who are quite sensitive to the market. Furthermore, 

bigger size is also meaning that investors are willing to invest more in the fund and 

optimistic with the future of the fund due to the advantages of funds, such as skilled GPs, 

track records, networks, unique investment strategy or principles, and some others. 

Therefore, we expect that fund size is also a significant determinant for fund performance, 

and has positive relationship with fund performance. 

Thirdly, we would like to see the fund performance difference between first fund and 

follow-on fund. The first fund is the initial fund raised by the fund firm. The follow-on 

fund is the second and subsequent funds raised by the firm. Kaplan and Schoar (2003) 
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concluded that better performing funds are more likely to raise follow-on funds with strong 

return persistence. It is reasonable to assume that the management team of first fund has 

less experience, network, contacts and reputation than that of follow-on fund since first 

fund is the initial fund raised by fund firm and has no track record. Therefore, we also 

hypothesize that fund sequence could be an important factor of fund performance.   

Fourthly, we are interested in the performance difference of the funds investing primarily 

in US market or in EMEA countries. Table LVIII presents the performance difference 

between US market and others in the past thirty years. Funds whose primary market is in 

US have the highest average IRR and TVPI than funds in other regions. Hege et al. (2009) 

and Phalippou and Gottschalg (2009) also resulted that US funds performed better than 

Europe funds. So we expect that primary market difference of funds also have influence on 

fund performance. 

To sum up, our hypotheses are as below: 

• Hypothesis 1: Fund type (venture capital or buyouts) is a significant determinant for 

fund performance. 

• Hypothesis 2: There is positive relationship between fund size and performance. 

• Hypothesis 3: Fund sequence (first fund or follow-on fund) is an important factor of 

fund performance. 

• Hypothesis 4: Fund’s primary market (US or EMEA) has influence on fund 

performance. 

Expected directions of coefficients based on literature review are shown below: 
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Table III 
Expected Directions of Coefficients 

 

Fund Characteristic 
Expected Direction of 

Coefficients 
Relevant Papers 

Fund Type Negative Driessen, et al. (2008) 
Phalippou and Gottschalg (2009) 

Das et al. (2003) 

Fund Size 
 

Positive Laine and Torstila (2005) 
Nikoskelainen and Wright (2007)  

Ljungqvist and Lu (2007) 
Cumming and Walz (2004) 

Fund Sequence Negative Söderblom (2011) 
(Phalippou and Gottschalg, 2009) 

Diller and Kaserer (2008) 
Hochberg et al. (2007) 

Strömberg (2007) 
Cressy (2007)  

Fund Primary Market Positive Hege et al. (2009) 
Phalippou and Gottschalg (2009) 

5.4 Methodology 

Difference in-mean test is used for testing whether there was any difference of average 

IRR between private equity funds with different characteristics. The sample is divided into 

independent subgroups in accordance with each fund characteristic. The null hypothesis is 

that the subgroups have the same mean, and the alternative hypothesis is that the means of 

subgroups are not equal. T-test is used for the test with only two subgroups and Anova 

F-test is used for test with three or more subgroups. The Welch version of the test statistic 

is also used in case the subgroup variances are heterogeneous.  

Cross-sectional regression analysis with the method of Ordinary Least Squares will be used 

for testing how different fund characteristics affect the fund performance. We used the 

mean of IRR as the indicator to indicate the performance difference affected by different 

fund characteristics. The cross-sectional regression model is shown below: 

𝑌! = 𝛽! + 𝛽!𝐷!! + 𝛽!𝐷!! +⋯⋯+ 𝛽!𝐷!" + 𝜀! 
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The dependent variable 𝑌! will be fund performance indicator IRR, and the independent 

variables will be the dummy variables representing fund type, fund size range, investment 

industry, fund sequence, and primary market. The descriptions of variables are as follows: 

Table III 
Descriptions of Variables 

Variables Description 

Fund Type A dummy variable, which takes value of one if the fund is venture 
capital fund, zero if buyout funds 

Fund Size Range Five dummy variables, which take value of one respectively for: 
fund size is in the range of 30.1 - 50 Mil, 50.1 - 100 Mil, 100.1 - 300 
Mil, 300.1 - 500 Mil, 500.1 - 1000 Mil.  

Investment Industry Nine dummy variables, which take value of one respectively for: 
fund is belonging to the industry of Communications and Media, 
Computer Software and Services, Internet Specific, Biotechnology, 
Medical/Health, Consumer Related, Industrial/Energy. 

Fund Sequence A dummy variable, which takes value of one if the fund is the first 
fund, or takes value of zero if the fund is follow-on fund. 

Primary Market A dummy variable, which takes value of one if the fund’s primary 
market is in US, or takes value of zero if the market is in EMEA. 

 

5.5 Empirical Results 

5.5.1 Fund Type 

The t-test and Satterthwaite-welch t-test for heterogeneous subgroup variances are both 

significant at 5% confidence level (Table V), which indicates that we can reject the null 

hypothesis that the average IRR of subgroups categorized by fund type is equal. Therefore, 

there is difference between average IRR of venture capital and buyouts. 

Table IV 
Difference In-Mean Test of IRR – Fund Type 

Method df Value Probability 
t-test 995 1.988079 0.0471 
Satterthwaite-Welch t-test* 854.1719 1.971391 0.0498 

               *Test allows for unequal cell variances 

Fund type has influence on fund performance. The coefficient of fund type dummy is 
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-0.027 and is significant at 5% confidence level. As the control group, the constant term is 

0.099 and significant at 1% confidence level. When the dummy variable takes the value of 

zero, the average IRR of buyout funds is 9.9%. When the dummy variable takes the value 

of one, the average IRR of venture capital funds is 7.2%, which is 2.7% less than average 

IRR of buyout funds 9.9%. The average IRR difference between venture capital and 

buyouts suggest that buyout funds perform better than venture capital funds (Table V). 

Table V 
Regression Result – Fund Type 

(Standard Error); *Significant at 10%; **Significant at 5%; ***Significant at 1% 

5.5.2 Fund Size 

Anova F-test has the p-value of 0.24 and Welch F-test has the p-value of 0.209 (Table VI). 

Both of test results are insignificant and we cannot reject the null hypothesis that 

subgroups categorized by fund size ranges have the same mean of IRR. Therefore, the 

average IRR across fund size ranges is the same, which indicates that the characteristic of 

fund size has no effect on fund performance.  

Table VI 
Difference In-Mean Test of IRR – Fund Size 

Method df Value Probability 
Anova F-test (5, 991) 1.342327 0.2440 
Welch F-test* (5, 392.778) 1.440208 0.2088 

               *Test allows for unequal cell variances 

Table VII shows the regression result about fund size. In comparison with the constant 

term that represents the size of 1000 Mil+, the coefficients of dummy variables do not 

Dependent Variable: Internal Rate of Return (IRR) 

 OLS with using ordinary 
standard errors 

OLS with using heteroscedasticity-robust 
standard errors 

Constant 0.099*** 
(0.009) 

0.099*** 
(0.008) 

Fund Type Dummy 
(VC=1, BO=0) 

-0.027** 
(0.014) 

-0.027** 
(0.014) 

Adjusted R2 0.3% 0.3% 

Number of observations 997 997 
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present a trend indicating that there is positive relationship between fund size and 

performance. None of coefficients is statistically significant at 10% confidence level. So 

we removed the dummy variables (30.1-50 Mil, 50.1-100 Mil) that have the highest 

p-values in order to include them into the controlled group, and regressed again. Then only 

the coefficient of dummy variable 300.1-500 Mil is significant at 5% confidence level. 

Finally we only included one dummy variable and kept all others into the controlled group, 

and thus resulted that the average IRR of funds with the size of 300.1-500 Mil is 3.7% 

lower than average IRR of other funds. Therefore, except funds with the size range of 

300.1-500 Mil, there is no significant performance (average IRR) difference among other 

funds with different size ranges. The fund size has nearly no influence on the fund 

performance, except that 300.1-500 Mil size has negative influence on fund performance 

in comparison with other sizes.  

Table VII 
Regression Result – Fund Size 

First regression included all of dummy variables of fund size. None of them was 
significant. Two dummy variables (30.1 - 50 Mil and 50.1 - 100 Mil) that had highest 

p-values were included into control group in the second regression. Two more insignificant 
dummy variables were included into control group in the third regression. 

(Standard Error); *Significant at 10%; **Significant at 5%; ***Significant at 1% 
Unit: US Dollar 

 Dependent Variable: Internal Rate of Return (IRR) 
 First Regression Second Regression Third Regression 

Constant 0.099*** 
(0.021) 

0.099*** 
(0.021) 

0.092*** 
(0.007) 

30.1 - 50 Mil -0.008 
(0.029) 

  

50.1 - 100 Mil 0.013 
(0.026) 

  

100.1 - 300 Mil -0.013 
(0.024) 

-0.017 
(0.016) 

 

300.1 - 500 Mil -0.044 
(0.027) 

-0.048** 
(0.021) 

-0.037** 
(0.019) 

500.1 - 1000 Mil -0.027 
(0.029) 

-0.031 
(0.023) 

 

Adjusted R2 0.2% 0.3% 0.3% 
Number of observations 997 997 997 
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5.5.3 Fund Sequence 

The p-values of t-test and Satterthwaite-welch t-test are respectively 0.432 and 0.437, 

which are both relatively high and insignificant (Table VIII). We cannot reject the null 

hypothesis that the average IRR of subgroups categorized by fund sequence is equal. 

Therefore, there is no difference between average IRR of first-time funds and follow-on 

funds. 

Table VIII 
Difference In-Mean Test of IRR – Fund Sequence 

Method df Value Probability 
t-test 995 -0.786066 0.4320 
Satterthwaite-Welch t-test* 211.0866 -0.778980 0.4369 

               *Test allows for unequal cell variances 

The average IRR of first time fund is 1.5% higher than that of follow-on fund, but the 

difference is not significant (Table IX). This result is consistent with result researched by 

Ljungqvist and Richaardon (2003), who also claimed that first-time funds performed 

somewhat better than follow-on funds without significance. The characteristic of fund 

sequence has no effect on the fund performance. 

Table IX 
Regression Result – Fund Sequence 

(Standard Error); *Significant at 10%; **Significant at 5%; ***Significant at 1% 

5.5.4 Primary Market 

The result of difference in-mean test shows that there is difference between the mean of 

IRR across US market and EMEA market (Table X). The p-values of t-test and 

 Dependent Variable: Internal Rate of Return (IRR) 
Constant 0.084*** 

(0.007) 
Fund Sequence (1 is first 

fund, 0 is follow-on 
fund) 

0.015 
(0.019) 

Adjusted R2 -0.04% 
Number of observations 997 
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Satterthwaite-welch t-test are respectively 0.026 and 0.016, which are both significant at 5% 

confidence. We can reject the null hypothesis that the average IRR of subgroups 

categorized by fund primary market is equal.  

Table X 
Difference In-Mean Test of IRR – Fund Primary Market 

Method df Value Probability 
t-test 995 -2.232598 0.0258 
Satterthwaite-Welch t-test* 621.4472 -2.416123 0.0160 

               *Test allows for unequal cell variances 

The coefficient of primary market dummy is 0.034 and it is significant at 5% confidence 

level. As the control group, the constant term is 0.062 and significant at 1% confidence 

level (Table XI). The average IRR of funds with primary market of US is 3.4% higher than 

the average IRR of funds with primary market of EMEA. This result also suggests that 

primary market has influence on the performance, and funds based on US market perform 

better on average than funds based on EMEA market.  

Table XI 
Regression Result – Fund Primary market 

(Standard Error); *Significant at 10%; **Significant at 5%; ***Significant at 1% 

5.5.5 Investment Industry 

The p-values of Anova F-test and Welch F-test respectively are 0.06 and 0.04. Because of 

the heterogeneous of subsample variances, our result is based on the p-value of Welch 

F-test. It is significant at the 5% confidence level and thus we can reject the null hypothesis 

that there is no difference of average IRR across different industries (Table XIII).  

 Dependent Variable: Internal Rate of Return (IRR) 
Constant 0.062*** 

(0.013) 
Primary market dummy 

(1 is US market, 0 is 
EMEA market) 

0.034** 
(0.015) 

Adjusted R2 0.4% 
Number of observations 997 
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Table XII 
Difference In-Mean Test of IRR – Investment Industry 

Method df Value Probability 
Anova F-test (9, 987) 1.822782 0.0603 
Welch F-test* (9, 144.783) 2.054347 0.0374 

*Test allows for unequal cell variances 

Table XIV shows the regression result of industry dummy variables that represent different 

industries. However, there are only three dummy variables (Communication and Media, 

Consumer Related and Industrial/Energy) and controlled term significant. As same as the 

fund size regression, we removed the dummy variables (computer hardware and computer 

software and services) that have highest p-values and included them into the controlled 

group, and regressed again. Then we got the second regression result. The significance 

level of coefficients of two dummy variables (communications and media and consumer 

related) is increased from 5% to 1%. But there are still three dummy variables insignificant. 

So we removed them again and got final result. The coefficients of four dummy variables 

are all positive and significant at 5% confidence level. Industrial/energy has the highest 

coefficient 0.056, that is, highest average IRR 11.7% among these four industries. The 

second highest average IRR 11.2% is in consumer related industry with the coefficient 

0.051. Then the third is communications and media industry, which has the average IRR 

10.7%. The average IRR of medical/health industry is 10.1%. Therefore, our finding is that 

the average IRR of funds that are not in the above-mentioned four industries is 6.1%. The 

average IRRs of industrial/energy industry, consumer related industry, communications 

and media industry and medical/health industry are higher than the average IRR of other 

industries.  
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Table XIII 
Regression Result – Fund Industry 

First regression result included all of dummy variables of fund industry. Two dummy 
variables that have highest p-values (computer hardware and computer software and 

services) were included into the control group in second regression result. Three more 
insignificant dummy variables (Internet Specific, Semiconductors/Other Elect and 

Biotechnology) were included into control group in the third regression result. 

(Standard Error); *Significant at 10%; **Significant at 5%; ***Significant at 1% 

5.5.6 Dummy variables combination 

One separate fund characteristic has limited explanation to the variety of performance 

since the adjusted R2 in the separate regressions are very low, from 0% to 1%. Then we 

combined all of significant variables together and did the regression again (Table XIV). 

The adjusted R2 is increased to 2%, which is better than the results from separate 

regression but still low. The low adjusted R2 is very common in other papers analyzing the 

 Dependent Variable: Internal Rate of Return (IRR) 
 First Regression Second Regression Third Regression 

Constant 0.099*** 
(0.021) 

0.064*** 
(0.021) 

0.061*** 
(0.010) 

Communications and 
Media 

0.042* 
(0.022) 

0.042** 
(0.021) 

0.046** 
(0.019) 

Computer Hardware 0.002 
(0.073) 

  

Computer Software and 
Services 

-0.003 
(0.028) 

  

Internet Specific -0.046 
(0.031) 

  

Semiconductors/Other 
Elect 

-0.024 
(0.050) 

-0.023 
(0.047) 

 

Biotechnology 0.024 
(0.030) 

0.024 
(0.029) 

 

Medical/Health 0.036 
(0.023) 

0.036* 
(0.022) 

0.040** 
(0.021) 

Consumer Related 0.047* 
(0.025) 

0.048** 
(0.024) 

0.051** 
(0.022) 

Industrial/Energy 0.051** 
(0.024) 

0.052** 
(0.023) 

0.056** 
(0.022) 

Adjusted R2 0.7% 0.9% 0.9% 
Number of observations 997 997 997 



	   53	  

private equity performance determinants. Ljungqvist and Richardson (2003) got 3.7% R2 

when they were investigating the determinants of private equity returns. In the article 

written by Phalippou and Zollo (2005), six fund characteristic variables explained 11% of 

the cross-sectional variation in fund performance. Private equity fund performance can be 

influenced by a variety of factors. Fund characteristic is only one of them.  

When we included the seven variables into one regression model, the controlled group was 

changed to be narrower. However, the sign of every significant coefficient is exactly the 

same as respective result in those separate regressions, and the values of coefficients are 

also similar. Therefore, there is nearly no difference in results between separate regressions 

and combined regression. 

Table XIV 
Regression Result – All significant dummy variables 

(Standard Error); *Significant at 10%; **Significant at 5%; ***Significant at 1% 
Unit: US Dollar 
 

Dependent Variable: Internal Rate of Return (IRR) 
 

OLS with using ordinary standard 
errors 

OLS with using 
heteroscedasticity-robust standard 

errors 
Constant 0.055***                 

(0.016)      
0.055*** 
(0.015) 

Fund type dummy -0.031**      
(0.015)      

-0.031** 
(0.013) 

300.1 - 500 Mil -0.046**      
(0.019)      

-0.046** 
(0.019) 

Primary market dummy 0.039**      
(0.015)       

0.039*** 
(0.014) 

Communications and 
Media 

0.049**       
(0.019)       

0.049** 
(0.021) 

Medical/Health 0.041**      
(0.021)       

0.041* 
(0.021) 

Consumer Related 0.047**      
(0.023)     

0.047** 
(0.021) 

Industrial/Energy 0.049**     
(0.022)     

0.049** 
(0.022) 

Adjusted R2 2.0% 2.0% 
Number of observations 997 997 
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5.6 Diagnostic Tests 

We used the pair-wise correlations to measure whether there was any multicollineartity 

that biased our results. In Table LXIII, the highest correlation coefficient among fund size 

variables is 34%, which is lower than 40%. Table LXIV shows the correlations among 

fund industry variables and there is no correlation higher than 20%. Table LXV also 

indicated that there is no multicollinearity in our combined regression because none of 

correlation is higher than 20%. Therefore, we confirm that our result is not affected by 

multicollinearity. We also used Durbin-Watson method to test the presence of 

autocorrelation. Our finding is that there is no autocorrelation in our result because the 

values of Durbing-Watson statistics are close to 2. 

In order to detect the heteroscedasticity of the errors in our regressions, we conducted 

White’s general test, which uses auxiliary regression to investigate whether the variance of 

the residuals varies systematically with any known variables relevant to the model. With 

the auxiliary regression, there are three test methods determining whether the assumption 

of homoscedasticity is valid or not. They are F-test framework, Lagrange Multiplier (LM) 

test and Scaled explained SS (Brooks, 2008). Among our regression results, the p-values of 

all three homoscedasticity tests in fund type regression and combined variables regression 

are smaller than 0.05, which means that the null hypothesis of homoscedasticity should be 

rejected and there is heteroscedasticity in the results (Table LXV). Therefore, we used 

White’s modified standard errors in place of ordinary standard errors to get rid of the 

influence of heteroscedasticity. However, the results of White’s modified standard errors 

and ordinary standard errors are similar. There are only slight changes of coefficients and 

their standard errors. The significance has no change.  

5.7 Robustness Test 

5.7.1 TVPI, DPI and RVPI as the performance indicators 

Our result is based on the regressions between internal rate of return (IRR) and fund 
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characteristics. The average of IRR is the indicator to evaluate the effect of fund 

characteristics on fund performance. The reason why we use IRR is that it is the one of the 

most widely used quantitative measurements of private equity funds. However, there are 

also other commonly used measurements TVPI, DPE and RVPI as supplements of IRR. 

Therefore, we replace IRR respectively with TVPI, DPI and RVPI in our model and to 

investigate whether there is any difference.  

For the fund type, we cannot reject the null hypothesis with higher p-values shown below, 

which indicates that there is no performance difference across venture capital and buyouts 

under the difference in-mean test of TVPI, DPI and RVPI (Table XV, Table XVI, Table 

XVII). This result is different from the result by IRR.   

Table XV 
Difference In-Mean Test of TVPI – Fund Type 

Method df Value Probability 
t-test 995 0.979472 0.3276 
Satterthwaite-Welch t-test* 696.2884 0.956087 0.3394 
*Test allows for unequal cell variances 

Table XVI 
Difference In-Mean Test of DPI – Fund Type 

Method df Value Probability 
t-test 995 1.008260 0.3136 
Satterthwaite-Welch t-test* 762.5634 0.988556 0.3232 

               *Test allows for unequal cell variances 

Table XVII 
Difference In-Mean Test of RVPI – Fund Type 

Method df Value Probability 
t-test 995 -0.159009 0.8737 
Satterthwaite-Welch t-test* 843.7339 -0.156759 0.8755 

               *Test allows for unequal cell variances 

The coefficient of fund type regression with TVPI is -0.164 and significant at 5% 

confidence level, which suggests that the average TVPI of venture capital funds is 0.164 

less than buyout funds. The regression with DPI has negative and significant coefficient, 

which is in accordance with TVPI result. However, although the regression with RVPI also 

resulted negative coefficient, the coefficient is insignificant (Table XVIII). Therefore, tests 
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using TVPI and DPI have the same result with test using IRR, and RVPI has different 

results. 

Table XVIII 
Regression Result – Fund Type 

(Standard Error); *Significant at 10%; **Significant at 5%; ***Significant at 1% 

For the fund size, difference in-mean tests of TVPI and DPI result that TVPI and DPI 

differs across different fund sizes since the p-values are lower than 0.05. The difference 

in-mean test of RVPI has the contrary result with test of TVPI and DPI, but same result 

with test of IRR (Table XIX, Table XX, Table XXI).  

Table XIX 
Difference In-Mean Test of TVPI – Fund Size 

Method df Value Probability 
Anova F-test (5, 991) 2.496904 0.0294 
Welch F-test* (5, 394.123) 3.326405 0.0059 
*Test allows for unequal cell variances 

Table XX 
Difference In-Mean Test of DPI – Fund Size 

Method df Value Probability 
Anova F-test (5, 991) 2.735748 0.0183 
Welch F-test* (5, 387.929) 3.192441 0.0077 
*Test allows for unequal cell variances 

Table XXI 
Difference In-Mean Test of RVPI – Fund Size 

Method df Value Probability 
Anova F-test (5, 991) 0.228672 0.9501 
Welch F-test* (5, 392.054) 0.259359 0.9350 
*Test allows for unequal cell variances 

 

 TVPI Log (1+DPI) Log (1+RVPI) 
Constant 1.593*** 

(0.047) 
0.6839*** 

(0.021) 
0.301*** 
(0.013) 

Fund Type Dummy (VC=1, BO=0) -0.164** 
(0.068) 

-0.117*** 
(0.031) 

-0.007 
(0.019) 

Adjusted R2 0.6% 1.3% 0.01% 

Number of observations 997 997 997 
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The coefficients of fund size regression with TVPI, DPI and RVPI are all insignificant 

except the constant term, which indicates that there is no performance difference across 

funds in these six size ranges (Table XXII). Fund size has no influence on the fund 

performance measured by TVPI, DPI and RVPI. The first regression result of test using 

IRR also has no significant coefficient and thus suggests fund size is not important for fund 

performance measured by IRR. Therefore, the results of tests using IRR, TVPI, DPI and 

RVPI are similar. 

Table XXII 
Regression Result – Fund Size 

(Standard Error); *Significant at 10%; **Significant at 5%; ***Significant at 1% 
Unit: US Dollar 

For fund sequence, difference in-mean tests of TVPI, DPI and RVPI result that TVPI, DPI 

and RVPI are not different across first-fund or follow-on fund since the all of p-values are 

higher than 0.05 (Table XXIII, Table XXIV, Table XXV). This result is in accordance with 

the result of difference in-mean test of IRR. 

 

 

 TVPI Log (1+DPI) Log (1+RVPI) 
Constant 1.473*** 

(0.103) 
0.659*** 
(0.047) 

0.217*** 
(0.028) 

30.1 - 50 Mil 0.113 
(0.146) 

0.021 
(0.066) 

-0.068 
(0.040) 

50.1 - 100 Mil 0.208 
(0.129) 

0.015 
(0.058) 

-0.026 
(0.035) 

100.1 - 300 Mil 0.061 
(0.119) 

-0.039 
(0.054) 

-0.025 
(0.037) 

300.1 - 500 Mil -0.168 
(0.136) 

-0.112 
(0.062) 

-0.001 
(0.037) 

500.1 - 1000 Mil -0.052 
(0.143) 

-0.064 
(0.065) 

0.007 
(0.039) 

Adjusted R2 0.7% 0.3% 0.1% 
Number of observations 997 997 997 
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Table XXIII 
Difference In-Mean Test of TVPI – Fund Sequence 

Method df Value Probability 
t-test 995 -1.386984 0.1658 
Satterthwaite-Welch t-test* 226.7437 -1.485503 0.1388 
*Test allows for unequal cell variances 

Table XXIV 
Difference In-Mean Test of DPI – Fund Sequence 

Method df Value Probability 
t-test 995 -1.247993 0.2123 
Satterthwaite-Welch t-test* 215.8539 -1.269048 0.2058 
*Test allows for unequal cell variances 

Table XXV 
Difference In-Mean Test of RVPI – Fund Sequence 

Method df Value Probability 
t-test 995 -0.227996 0.8197 
Satterthwaite-Welch t-test* 241.1459 -0.258538 0.7962 
*Test allows for unequal cell variances 

Regression test with TVPI has significant coefficient of 0.212, which indicates that the 

average TVPI of first funds is 0.212 more than that of follow-on funds. This result is 

different from the fund sequence test result using IRR, which is insignificant. Tests with 

DPI and RVPI also result positive, but insignificant coefficients, which are different from 

the results by TVPI and IRR (Table XXVI). 

Table XXVI 
Regression Result – Fund Sequence 

(Standard Error); *Significant at 10%; **Significant at 5%; ***Significant at 1% 

For primary market, we got the same result with IRR in the difference in-mean test of 

TVPI, DPI and RVPI, with all of p-values lower than 0.05 (Table XXVII, Table XXVIII, 

 TVPI Log (1+DPI) Log (1+RVPI) 
Constant 1.482*** 

(0.037) 
0.619*** 
(0.017) 

0.296*** 
(0.010) 

Fund Sequence (1 is first 
fund, 0 is follow-on 

fund) 

0.212** 
(0.094) 

0.052 
(0.042) 

0.010 
(0.026) 

Adjusted R2 0.4% 0.1% 0.1% 
Number of observations 997 997 997 
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Table XXIX).  

Table XXVII 
Difference In-Mean Test of TVPI – Fund Primary market 

Method df Value Probability 
t-test 995 -2.495191 0.0128 
Satterthwaite-Welch t-test* 860.7094 -3.090343 0.0021 
*Test allows for unequal cell variances 

Table XXVIII 
Difference In-Mean Test of DPI – Fund Primary market 

Method df Value Probability 
t-test 995 -4.181190 0.0000 
Satterthwaite-Welch t-test* 806.5555 -5.034194 0.0000 
*Test allows for unequal cell variances 

Table XXIX 
Difference In-Mean Test of RVPI – Fund Primary market 

Method df Value Probability 
t-test 995 4.450909 0.0000 
Satterthwaite-Welch t-test* 495.3652 4.344444 0.0000 
*Test allows for unequal cell variances 

Regression test using TVPI and DPI also has the similar result with test using IRR. The 

coefficient of TVPI is 0.136 and significant at 10% confidence level. It indicates that the 

average TVPI of funds investing in US is 0.136 more than funds investing in EMEA. The 

coefficient of DPI is 0.17 and significant at 1% confidence level. But the regression test 

using RVPI results significant coefficient with opposite direction (Table XXXI). 

 
Table XXX 

Regression Result – Fund Primary market 

(Standard Error); *Significant at 10%; **Significant at 5%; ***Significant at 1% 

 TVPI Log (1+DPI) Log (1+RVPI) 
Constant 1.417*** 

(0.064) 
0.505*** 
(0.028) 

0.378*** 
(0.017) 

Primary market dummy 
(1 is US market, 0 is 

EMEA market) 

0.136* 
(0.075) 

0.170*** 
(0.034) 

-0.112*** 
(0.020) 

Adjusted R2 0.2% 2.4% 2.9% 
Number of observations 997 997 997 
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For fund industry, the difference in-mean tests of TVPI, DPI and RVPI got different results. 

Test of TVPI indicated that TVPI is same among funds with different industries. Because 

of heterogeneous sample variances, test of DPI has the same result with RVPI and IRR that 

there is performance difference across funds with different industries (Table XXXI, Table 

XXXII, Table XXXIII). 

Table XXXI 
Difference In-Mean Test of TVPI – Fund Industry 

Method df Value Probability 
Anova F-test (9, 987) 1.048902 0.3987 
Welch F-test* (9, 142.215) 0.977929 0.4609 
*Test allows for unequal cell variances 

Table XXXII 
Difference In-Mean Test of DPI – Fund Industry 

Method df Value Probability 
Anova F-test (9, 987) 1.636050 0.1005 
Welch F-test* (9, 142.613) 2.442958 0.0129 
*Test allows for unequal cell variances 

Table XXXIII 
Difference In-Mean Test of RVPI – Fund Industry 

Method df Value Probability 
Anova F-test (9, 987) 1.987533 0.0377 
Welch F-test* (9, 141.308) 2.421714 0.0137 
*Test allows for unequal cell variances 

The test results of fund industry in IRR, TVPI, DPI and RVPI are not exactly similar. For 

test with TVPI, industries of communication and media and Internet specific have 

significant coefficients. The coefficient of Internet specific industry is -0.528 and 

significant at 1% confidence level, which is different from the test result using IRR. But 

similar with IRR test, the coefficient of communication and media industry is 0.194 and 

significant at 10% confidence level (Table XXXIV).  
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Table XXXIV 
Regression Result – Fund Industry 

(Standard Error); *Significant at 10%; **Significant at 5%; ***Significant at 1% 

To sum up, none of results by above-mentioned four private equity fund performance 

measurement is exactly same. Comparatively, the robustness check of performance 

measurement replacement shows the robustness of results in fund size and fund primary 

market, and the weakness of results in fund type, fund sequence and fund investment 

industry.  

5.7.2 Controlling For Vintage Year 

Our sample includes the private equity funds from the vintage year 1985 to 2008. It is 

possible that different vintage years of funds will bias our result. In order to check the 

robustness of our results for vintage year, we divided our sample into three subsamples 

 TVPI Log (1+DPI) Log (1+RVPI) 
Constant 1.510*** 

(0.073) 
0.654*** 
(0.033) 

0.288*** 
(0.020) 

Communications and 
Media 

0.194* 
(0.110) 

0.004 
(0.050) 

-0.009 
(0.030) 

Computer Hardware -0.029 
(0.363) 

0.071 
(0.164) 

-0.140 
(0.099) 

Computer Software and 
Services 

-0.131 
(0.139) 

-0.155** 
(0.063) 

0.074* 
(0.038) 

Internet Specific -0.528*** 
(0.154) 

-0.236*** 
(0.069) 

0.027 
(0.049) 

Semiconductors/Other 
Elect 

-0.102 
(0.239) 

-0.070 
(0.108) 

-0.001 
(0.065) 

Biotechnology -0.007 
(0.152) 

-0.067 
(0.068) 

0.066 
(0.041) 

Medical/Health -0.061 
(0.116) 

0.017 
(0.052) 

-0.044 
(0.032) 

Consumer Related 0.124 
(0.124) 

0.039 
(0.056) 

-0.007 
(0.034) 

Industrial/Energy 0.107 
(0.126) 

-0.012 
(0.056) 

0.065 
(0.033) 

Adjusted R2 1.6% 1.4% 1.0% 
Number of observations 997 997 997 
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categorized by three different vintage year period. They are the period of 1985-1992, 

1993-2000 and 2001-2008. We check the robustness of our results by comparing the 

results in the three subsamples.  

For the fund type, the difference in-mean tests of the three subsamples get different results. 

The test of subsamples during the vintage year 1985-1992 and 1993-2000 result that IRR is 

same across venture capital and buyouts, which are different from our result (Table XXXV, 

Table XXXVI, Table XXXVII). Regression analysis also has different results both in the 

direction and significance of coefficients (Table XXXVII).   

Table XXXV 
Difference In-Mean Test of IRR - Vintage Year 1985-1992 - Fund Type 

Method df Value Probability 
t-test 122 -0.500159 0.6179 
Satterthwaite-Welch t-test* 121.7933 -0.519695 0.6042 
*Test allows for unequal cell variances 

Table XXXVI 
Difference In-Mean Test of IRR - Vintage Year 1993-2000 - Fund Type 

Method df Value Probability 
t-test 529 0.779973 0.4358 
Satterthwaite-Welch t-test* 454.7195 0.813119 0.4166 

               *Test allows for unequal cell variances 

Table XXXVII 
Difference In-Mean Test of IRR - Vintage Year 2001-2008 - Fund Type 

Method df Value Probability 
t-test 340 4.453605 0.0000 
Satterthwaite-Welch t-test* 339.4760 5.148440 0.0000 

*Test allows for unequal cell variances 
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Table XXXVIII 
Regression Result – Fund Type 

(Standard Error); *Significant at 10%; **Significant at 5%; ***Significant at 1% 

For the fund size, our result is that there is no difference of average IRR across different 

fund sizes. However, test of subsample with the vintage year 2001-2008 gives the contrary 

result (Table XXXIX, Table XL, Table XLI). The regression analysis also has contrary 

results that the average IRR differs in the subsample with the vintage year 2001-2008 and 

private equity funds with the size of 1000+ Mil have better performance than others (Table 

XLII).  

 
Table XXXIX 

Difference In-Mean Test of IRR - Vintage Year 1985-1992 - Fund Size 
Method df Value Probability 
Anova F-test (5, 118) 2.445618 0.0379 
Welch F-test* (5, 78.26) 2.954532 0.0232 
*Test allows for unequal cell variances 

Table XL 
Difference In-Mean Test of IRR - Vintage Year 1993-2000 - Fund Size 

Method df Value Probability 
Anova F-test (5, 525) 1.368885 0.2344 
Welch F-test* (5, 184.26) 1.660867 0.1462 

               *Test allows for unequal cell variances 

Table XLI 
Difference In-Mean Test of IRR - Vintage Year 2001-2008 - Fund Size 

Method df Value Probability 
Anova F-test (5, 336) 2.425365 0.0353 
Welch F-test* (5, 134.686) 5.344013 0.0002 

               *Test allows for unequal cell variances 

Dependent Variable: Internal Rate of Return (IRR) 
 1985-1992 1993-2000 2001-2008 

Constant 0.148*** 
(0.027) 

0.6839*** 
(0.021) 

0.094*** 
(0.012) 

Fund Type Dummy (VC=1, BO=0) 0.018 
(0.037) 

-0.016 
(0.021) 

-0.087*** 
(0.019) 

Adjusted R2 0.1% 0.1% 5.23% 

Number of observations 124 531 342 
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Table XLII 
Regression Result – Fund Size 

(Standard Error); *Significant at 10%; **Significant at 5%; ***Significant at 1% 
Unit: US Dollar 

For the fund sequence, the difference in mean test of IRR of three subsamples got the 

results that are same with our result. None of p-value is higher than 0.05 and thus the null 

hypothesis cannot be rejected (Table XLIII, Table XLIV, Table XLV). Regression analysis 

also has the same result both in the significance and direction of coefficients, except that 

the coefficient of -0.029 in the subsample 2001-2008 (Table XLVI).   

Table XLIII 
Difference In-Mean Test of IRR - Vintage Year 1985-1992 - Fund Sequence 

Method df Value Probability 
t-test 122 -0.207423 0.8360 
Satterthwaite-Welch t-test* 37.26224 -0.255210 0.8000 
*Test allows for unequal cell variances 

Table XLIV 
Difference In-Mean Test of IRR - Vintage Year 1993-2000 - Fund Sequence 

Method df Value Probability 
t-test 529 -1.246243 0.2132 
Satterthwaite-Welch t-test* 131.7365 -1.302554 0.1950 

*Test allows for unequal cell variances 

 

 1985-1992 1993-2000 2001-2008 
Constant 0.151 

(0.196) 
0.070* 
(0.036) 

0.117*** 
(0.022) 

30.1 - 50 Mil -0.047 
(0.198) 

0.056 
(0.051) 

-0.112*** 
(0.042) 

50.1 - 100 Mil 0.062 
(0.198) 

0.034 
(0.043) 

-0.074** 
(0.034) 

100.1 - 300 Mil 0.001 
(0.198) 

0.027 
(0.040) 

-0.077*** 
(0.028) 

300.1 - 500 Mil -0.052 
(0.211) 

-0.025 
(0.045) 

-0.053* 
(0.031) 

500.1 - 1000 Mil 0.332 
(0.240) 

-0.023 
(0.046) 

-0.026 
(0.034) 

Adjusted R2 5.6% 0.3% 2.0% 
Number of observations 124 531 342 
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Table XLV 
Difference In-Mean Test of IRR - Vintage Year 2001-2008 - Fund Sequence 

Method df Value Probability 
t-test 340 0.992821 0.3215 
Satterthwaite-Welch t-test* 50.75145 0.816850 0.4178 

               *Test allows for unequal cell variances 

Table XLVI 
Regression Result – Fund Sequence 

(Standard Error); *Significant at 10%; **Significant at 5%; ***Significant at 1% 

For primary market, our result is different from the result of three subsamples in the 

difference in-mean test. Our result is that the average IRR differs across funds in US and 

EMEA markets. But the test result of three subsamples is that there is no difference of 

average IRR in these two markets (Table XLVIII, Table XLIX, Table L). The same with 

difference in-mean test, regression analysis also results differently from our result. The 

coefficients are all insignificant (Table LI). 

Table XLVII 
Difference In-Mean Test of IRR - Vintage Year 1985-1992 - Fund Primary market 

Method df Value Probability 
t-test 122 -1.421840 0.1576 
Satterthwaite-Welch t-test* 59.38181 -2.095127 0.0404 
*Test allows for unequal cell variances 

Table XLVIII 
Difference In-Mean Test of IRR - Vintage Year 1993-2000 - Fund Primary market 

Method df Value Probability 
t-test 529 -0.663683 0.5072 
Satterthwaite-Welch t-test* 282.3336 -0.824459 0.4104 

               *Test allows for unequal cell variances 

 1985-1992 1993-2000 2001-2008 
Constant 0.156*** 

(0.020) 
0.079*** 
(0.011) 

0.067*** 
(0.010) 

Fund Sequence (1 is first 
fund, 0 is follow-on 

fund) 

0.010 
(0.048) 

0.034 
(0.027) 

-0.029 
(0.029) 

Adjusted R2 0.1% 0.1% 0.1% 
Number of observations 124 531 342 
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Table XLIX 

Difference In-Mean Test of IRR - Vintage Year 2001-2008 - Fund Primary market 
Method df Value Probability 
t-test 340 -1.326016 0.1857 
Satterthwaite-Welch t-test* 247.4655 -1.262693 0.2079 

               *Test allows for unequal cell variances 

 
Table L 

Regression Result – Fund Primary market 

(Standard Error); *Significant at 10%; **Significant at 5%; ***Significant at 1% 
 

For fund industry, the test results of subsamples with the vintage year 1985-1992 and 

1993-2000 are that there is no difference of average IRR across different fund industries. 

However, our difference in-mean test result is that the average IRR differs across different 

fund industries (Table LI, Table LII, Table LIII). Regression analysis also results 

differently from our result both in the direction and significance of coefficients (Table 

LIV). 

Table LI 
Difference In-Mean Test of IRR - Vintage Year 1985-1992 - Fund Industry 

Method df Value Probability 
Anova F-test (9, 114) 1.070012 0.3903 
Welch F-test* (9, 56.2602) 1.084494 0.4063 
*Test allows for unequal cell variances 

Table LII 
Difference In-Mean Test of IRR - Vintage Year 1993-2000 - Fund Industry 

Method df Value Probability 
Anova F-test (9, 521) 1.326074 0.2202 
Welch F-test* (9, 26.2602) 1.474494 0.1863 

               *Test allows for unequal cell variances 

 1985-1992 1993-2000 2001-2008 
Constant 0.103** 

(0.043) 
0.072*** 
(0.022) 

0.048*** 
(0.015) 

Primary market dummy 
(1 is US market, 0 is 

EMEA market) 

0.067 
(0.047) 

0.016 
(0.025) 

0.026 
(0.020) 

Adjusted R2 0.8% 0.1% 0.2% 
Number of observations 124 531 342 
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Table LIII 
Difference In-Mean Test of IRR - Vintage Year 2001-2008 - Fund Industry 

Method df Value Probability 
Anova F-test (9, 332) 1.902995 0.0507 
Welch F-test* (9, 57.8023) 11.32546 0.0000 

               *Test allows for unequal cell variances 

 
Table LIV 

Regression Result – Fund Industry 

(Standard Error); *Significant at 10%; **Significant at 5%; ***Significant at 1% 
 

Above all, based on the result comparison between three subsamples and whole sample, 

we did not find strong evidence that there is robustness in our results for the variety of 

vintage years, except that the analysis result of fund sequence is similar before and after 

sample division.  

 1985-1992 1993-2000 2001-2008 
Constant 0.157*** 

(0.043) 
0.065*** 
(0.022) 

0.038** 
(0.020) 

Communications and 
Media 

0.053* 
(0.061) 

0.027 
(0.033) 

0.049 
(0.032) 

Computer Hardware -0.104 
(0.099) 

0.130 
(0.168) 

-0.065 
(0.126) 

Computer Software and 
Services 

-0.004 
(0.099) 

0.008 
(0.040) 

-0.014 
(0.040) 

Internet Specific -0.049 
(0.205) 

-0.047 
(0.038) 

-0.041 
(0.081) 

Semiconductors/Other 
Elect 

-0.059 
(0.093) 

-0.024 
(0.086) 

-0.041 
(0.065) 

Biotechnology 0.023 
(0.069) 

0.053 
(0.051) 

-0.032 
(0.041) 

Medical/Health -0.110* 
(0.066) 

0.071*** 
(0.033) 

0.007 
(0.034) 

Consumer Related 0.023 
(0.065) 

0.046 
(0.038) 

0.047 
(0.034) 

Industrial/Energy 0.052 
(0.066) 

-0.001 
(0.044) 

0.084*** 
(0.030) 

Adjusted R2 0.5% 0.6% 2.3% 
Number of observations 124 531 342 
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6. DISCUSSION 

Our test result about the influence of fund type on fund performance is in line with our 

hypothesis. One explanation for the performance difference between venture capital and 

buyouts could be the different investment strategies of venture capital and buyouts. 

Buyouts invest in much more stable and profitable companies and thus have higher 

average performance.  

The hypothesis of fund size is different from the test result. We hypothesized that fund size 

could be positively correlated with fund performance under the assumption that sizable 

fund could have strong bargaining power and reputation. However, we did not find the 

influence of fund size on fund performance. One possible explanation could be that in 

practice the fund performance is exactly related to investment choices instead of how much 

money raised. Furthermore, larger size may be not equal to larger bargaining power. It is 

dependent on what kind of companies the fund targets. If the fund firm targets start-up or 

seed companies, only small amount of capital is enough. But for mature company, it is 

possible that one fund is set up especially for one case of merger or acquisition. Moreover, 

most of buyout funds also use extensive leverage to finance their transactions. 

The case of fund sequence is also contrary to our hypothesis. There is no significant 

performance difference whatever it is first fund or follow-on fund. We understand that the 

sequence could not be the indication of management experience or track record. First fund 

can also have experienced general partners because it is common that new fund firm is 

established by successful entrepreneurs, or by fund managers with excellent track record in 

their former positions.  

The market focus is related with fund performance. Corresponding with primary market 

hypothesis, funds investing primarily in US market perform better than funds in EMEA 

market. Within different markets, there are different companies with different technical 

advantages available to be invested. There are also different business environment, culture 

and governmental policies that could affect the growth of companies and thus fund 
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performance.  

Overall, our result indicates that fund type, fund primary market and fund investment 

industry have influence on the fund performance. Fund size and fund sequence have no 

influence on the fund performance. One finding behind our result is that fund type, fund 

primary market and fund investment industry are the fund characteristics that can affect the 

deal flows. Fund size and fund sequence have little influence on the deal flows. Therefore, 

it is quite likely that factors related with deal flows could have impact on fund 

performance. 

7. CONCLUSION 

This thesis collected 997 funds with the their characteristics and performance over the 

period of 1985 to 2008 to investigate the influence of fund characteristics on fund 

performance. We used difference in-mean test and cross-sectional regression analysis with 

the method of ordinary least squares to test the relationship between fund performance 

indicated by IRR and each fund characteristic (fund type, fund size, fund sequence, fund 

primary market, fund investment industry).  

For fund type, the average IRRs of venture capital and buyouts are different, which 

resulted by difference in-mean test. Buyout funds have better performance on average than 

venture capital funds, since the average IRR of venture capital funds is 7.2%, which is 2.7% 

less than average IRR of buyout funds 9.9%. This conclusion is in line with conclusions in 

the section of literature reviews that buyout funds perform better than venture capital funds 

(Richardson, 2003; Driessen, et al., 2008; Phalippou and Gottschalg, 2009; Das et al., 

2003) 

For fund’s primary market, we firstly resulted by difference in-mean test that the mean of 

IRR is different for funds in US market and EMEA market. Funds focusing on US market 

perform better than funds focusing on EMEA markets, which is evidenced by that the 

average IRR of funds with primary market of US is 3.4% higher than the average IRR of 

funds with primary market of EMEA. This conclusion is in line with the conclusions by 
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Hege et al. (2009) and Phalippou and Gottschalg (2009). 

For fund investment industry, the significant result of difference in-mean test indicates that 

the mean of IRR is different across funds in different industries. Throught three times 

regression analysis, funds investing in four specific industries have better performance than 

funds investing in other industries. They are industrial/energy industry, consumer related 

industry, communications and media industry and medical/health industry. Our conclusion 

about the fund investment industry is partly different from the conclusion in the literature 

reviews section that high-tech, biotech, and medical sectors have better performance than 

other sectors (Das et al., 2003). 

However, by using the difference in-mean test and cross-sectional regression analysis, we 

did not find any evidence suggesting that fund size and fund sequence have influence on 

the fund performance – IRR. We cannot reject the null hypothesis that the average IRRs of 

first funds and follow-on funds are different, and the coefficient of fund sequence is 

positive but insignificant, which is opposite to the conclusion that more experience 

generates higher performance (Söderblom, 2011; Phalippou and Gottschalg, 2009; Diller 

and Kaserer, 2008). We also cannot reject the null hypothesis that the average IRRs of 

funds with different fund sizes are different. This conclusion is contrary to the conclusion 

of previous studies that the fund size has positive influence on the fund performance 

(Laine and Torstila, 2005; Hochberg, Ljungqvist and Lu, 2007; Nikoskelainen and Wright, 

2007; Cumming and Walz, 2004). 

The robustness check of performance measurement replacement by TVPI, DPI and RVPI 

shows the robustness of results in fund size and fund primary market, and the weakness of 

results in fund type, fund sequence and fund investment industry. However, we did not 

find strong evidence that there is robustness in our results for the variety of vintage years, 

except that the analysis result of fund sequence.  

There are several limitations in our analysis. First, The data are self-reported and thus 

potentially subject to selection biases or survivorship biases. Fund firms are more willing 

to publish successful funds to outsiders, and poorly performed funds are always dropped or 
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hided by fund firms. Therefore, the unequal information disclosure could create biased 

result. One possible solution to mitigate survivorship bias is repeating the test by use of 

different databases, which will include the number of funds as completed as possible. 

Second, the private equity data we collected is available only in aggregate rather than 

fund-by-fund form. So we can only use fund size range instead of specific fund size to be 

one of independent variables in our model. In comparison with specific fund size, fund size 

range decreases the accuracy of our test and thus creates bias to some extend. However, 

due to access difficulties of other private equity databases, we cannot include specific fund 

size information of each fund in our sample. Third, we resulted the relationship between 

fund characteristics and fund performance only by looking at the IRR, TVPI, DPI and 

RVPI. IRR, TVPI and RVPI are dependent on what fund managers have predicted about 

the NPV of each company, and can be easily manipulated by fund managers. Therefore, 

our performance measurement is possible to be biased and subject. Exit rate could be used 

as the substitute since it is on the fund’s actual performance. Fourth, we only used 

difference in-mean test and cross-sectional regression analysis, which are very basic 

method and cannot provide strong evidence to my final conclusion. Further in-depth and 

comprehensive analysis with detailed date will be needed. Fifth, through our robustness 

check, we resulted that the robustness of our results for variety of vintage years is weak, 

that is, the vintage year could bias our result because we did not consider time bias when 

we were using cross-sectional regression analysis. 

By looking at the five fund characteristics and their respective results, one important 

possible explanation behind the findings is that fund type, fund’s primary market and fund 

investment industry are the fund characteristics that are highly related with the deal flows. 

But fund size and fund sequence could not affect deal flows too much. Therefore, it is 

possible that the influence on deal flows could be the indicator of fund performance 

determinants, which can be an interesting area for future research. 

Our findings of this thesis contribute to the area of private equity fund performance 

determinants in private equity industry. There were a few studies analyzing the drivers of 
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private equity performance as we discussed in the section of literature reviews. However, 

different from existing studies, we used new dataset, new performance measurement – 

average IRR, and key fund characteristics to get our result. We believe that our findings 

could be one of the supplements of existing studies. In practice, our result could also be the 

evidence for private equity industry players to make decisions.  
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APPENDICES 

Appendix 1: Descriptive Analysis 

 
Table LV 

Description of Variables 

Variables Description 

IRR Cumulative internal rate of return as of 09/30/2013 

Vintage Year The year in which the first influx of investment capital is delivered to a project 
or company (from 1985 – 2008) 

Fund Type Venture capital or buyouts 

Fund Size Range The total amount of capital committed to a fund by its LPs and GPs (Million) 

TVPI Cumulative total value to paid in as of 09/30/2013 

Investment Industry The fund industry focus criterion is populated when a fund has invested 60% or 
more of its known investments in a particular industry. 

Fund Sequence The first fund is the initial fund raised by the firm. The follow-on is the second 
and subsequent funds raised by the firm. 

Primary Market The primary market in which the funds invested 
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Table LVI 
Descriptive Statistics of Preliminary Data by Asset Class Group 

Asset Class Group VC BG MD NR      Total 
First Transaction Period 1981 Q1 1981 Q1 1986 Q2 1986 Q3 1981 Q1 
Fund Count 1793 1681 392 314 4180 
Pooled Return (IRR 
Below) 0.1615 0.1325 0.1131 0.1378 0.1373 
Average 0.1105 0.1010 0.1062 0.1008 0.1055 
Equal Weighted 0.1584 0.1482 0.1257 0.1393 0.1536 
Capital Weighted 0.0788 0.0866 0.1087 0.0626 0.0868 
Top 5% 0.5620 0.3898 0.2890 0.4089 0.4327 
Upper Quartile 0.1500 0.1829 0.1509 0.1831 0.1664 
Median 0.0514 0.0975 0.1039 0.0935 0.0836 
Lower Quartile -0.0447 0.0159 0.0565 0.0213 -0.0077 
Bottom 5% -0.1875 -0.1539 -0.0919 -0.2310 -0.1785 
Standard Deviation 0.4302 0.2059 0.1763 0.2434 0.3221 
Pooled Return (TVPI 
Below) 1.55 1.53 1.43 1.45 1.51 
Average 1.73 1.57 1.48 1.67 1.64 
Capital Weighted 1.50 1.45 1.41 1.34 1.44 
Top 5% 4.44 3.03 2.47 3.69 3.41 
Upper Quartile 1.83 1.88 1.63 1.87 1.83 
Median 1.25 1.41 1.35 1.34 1.34 
Lower Quartile 0.85 1.05 1.14 1.08 0.98 
Bottom 5% 0.40 0.65 0.84 0.67 0.51 
Standard Deviation 2.35 0.86 0.70 1.20 1.68 

Since Inception to 2013 Q3, USD (million $).  
All data shown as net to Limited Partners, unless otherwise noted.  
All IRRs greater than one year are annualized.  
IRRs in excess of 1,000% are excluded from the Average and Standard Deviation calculations.
  
  

 
 
 
 
 
 
 
 

 
 



	   80	  

Table LVII 
Descriptive Statistics of Preliminary Data by Region 

Geographic Group 
(Fund) 

United 
States Europe 

Asia/Pacifi
c Rest of World Total 

First Transaction Period 1981 Q1 1986 Q4 1986 Q4 1987 Q2 1981 Q1 
Fund Count  2869 505 408 398 4180 
Pooled Return (IRR 
Below) 0.1442 0.1494 0.0868 0.0884 0.1373 
Average 0.1152 0.1064 0.0736 0.0676 0.1055 
Equal Weighted 0.1591 0.1422 0.0915 0.1201 0.1536 
Capital Weighted 0.0901 0.1018 0.0281 0.0773 0.0868 
Top 5% 0.4595 0.4072 0.3631 0.3785 0.4327 
Upper Quartile 0.1682 0.1869 0.1276 0.1652 0.1664 
Median 0.0869 0.0877 0.0446 0.0757 0.0836 
Lower Quartile 0.0000 -0.0055 -0.0330 -0.0171 -0.0077 
Bottom 5% -0.1652 -0.1519 -0.2097 -0.2610 -0.1785 
Standard Deviation 0.3191 0.2421 0.4789 0.2104 0.3221 
Pooled Return (TVPI 
Below) 1.55 1.50 1.37 1.37 1.51 
Average 1.71 1.55 1.40 1.45 1.64 
Capital Weighted 1.48 1.43 1.29 1.34 1.44 
Top 5% 3.74 2.97 2.93 2.86 3.41 
Upper Quartile 1.87 1.96 1.58 1.66 1.83 
Median 1.37 1.37 1.16 1.26 1.34 
Lower Quartile 1.00 0.99 0.90 0.96 0.98 
Bottom 5% 0.50 0.60 0.57 0.49 0.51 
Standard Deviation 1.92 0.91 1.01 0.95 1.68 

Since Inception to 2013 Q3, USD (million $).  
All data shown as net to Limited Partners, unless otherwise noted.  
All IRRs greater than one year are annualized.  
IRRs in excess of 1,000% are excluded from the Average and Standard Deviation calculation 
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Figure III 
Distribution of IRR 

This is the distribution of IRR before we removed the outliers. The distribution was rightly 
skewed and there were outliers in the right side. 

 
 
 

 
Figure IV 

Distribution of IRR after outlier removal 
We removed the outliers in the right side and make it closer to normal distribution, even 

though the distribution is still slightly right skewed and leptokurtic. 
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Table LVIII 
Fund Number Statistics By Investment Industry 

 Buyouts Venture Capital All 

Biotechnology 9 56 65 

Communications and Media 61 105 166 

Computer Hardware 2 7 9 

Computer Software and Services 20 60 80 

Consumer Related 91 23 114 

Industrial/Energy 98 21 119 

Internet Specific 14 49 63 

Medical/Health 39 103 142 

Other Products 178 39 217 

Semiconductors/Other Elect 7 15 22 
All 519 478 997 

 
Table LIX 

Descriptive Statistics for IRR 
IRR Descriptive VC BO ALL 

Mean 7.24% 9.95% 8.65% 

Minimum -86.85% -100.00% -100.00% 

Maximum 147.33% 114.64% 147.33% 

Standard Deviation 24.94% 17.74% 32.17% 

1st Quartile 10.66% 17.66% 15.76% 

Median 0.56% 7.80% 4.62% 

3rd Quartile -3.68% 0.24% -1.63% 

Observation 478 519 997 

 
Table LX 

Descriptive Statistics for TVPI 
TVPI Descriptive VC BO ALL 

Mean 1.510 1.592 1.552 

Minimum 0.004 0.037 0.004 

Maximum 15.998 7.070 15.998 

Standard Deviation 1.695 0.865 1.329 

1st Quartile 1.753 2.008 1.890 

Median 1.053 1.418 1.259 

3rd Quartile 0.749 1.026 0.873 

Observation 478 519 997 
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Figure V 
IRR and TVPI vintage year trend 

 
Figure VI 

Vintage year trend of fund average size 

 
Table LXI 

Fund Number Statistics By Fund Size Range 
Fund Size Range (USD Mil) Buyouts Venture Capital All 

100.1 - 300 Mil 159 166 325 

1000.1 Mil+ 95 13 108 

30.1 - 50 Mil 21 87 108 

300.1 - 500 Mil 91 56 147 

50.1 - 100 Mil 69 123 192 

500.1 - 1000 Mil 84 33 117 

All 519 478 997 
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Appendix 2: Diagnostic Test 

Table LXII 
Correlations of Fund Size Variables 

 30.1 - 50 Mil 50.1 - 100 Mil 100.1 - 300 Mil 300.1 - 500 Mil 500.1 - 1000 Mil 
30.1 - 50 Mil  1.000000 -0.170221 -0.242392 -0.144947 -0.127090 

50.1 - 100 Mil -0.170221  1.000000 -0.339633 -0.203096 -0.178076 
100.1 - 300 Mil -0.242392 -0.339633  1.000000 -0.289205 -0.253576 
300.1 - 500 Mil -0.144947 -0.203096 -0.289205  1.000000 -0.151635 

500.1 - 1000 Mil -0.127090 -0.178076 -0.253576 -0.151635  1.000000 
 
 

Table LXIII 
Correlations of Fund Industry Variables 

 
COMMUNI

CATIONS_A
ND_MEDIA 

COMPU
TER_HA
RDWAR

E 

COMPUTER
_SOFTWAR
E_AND_SE 

INTER
NET_S
PECIFI

C 

SEMICOND
UCTORS_O
THER_ELE 

BIOTE
CHNO
LOGY 

MEDI
CAL_
HEAL

TH 

CONSU
MER_R
ELATE

D 

INDUST
RIAL_E
NERGY 

COMMUNI
CATIONS_A
ND_MEDIA 

1.000000 -0.042658 -0.132012 
-0.1160

78 
-0.067137 

-0.118
033 

-0.1821
44 

-0.16059
3 

-0.16454
3 

COMPUTER
_HARDWA

RE 
-0.042658 1.000000 -0.028191 

-0.0247
88 

-0.014337 
-0.025

205 
-0.0388

96 
-0.03429

4 
-0.03513

7 

COMPUTER
_SOFTWAR
E_AND_SE 

-0.132012 -0.028191 1.000000 
-0.0767

11 
-0.044368 

-0.078
003 

-0.1203
71 

-0.10612
9 

-0.10873
9 

INTERNET_
SPECIFIC 

-0.116078 -0.024788 -0.076711 
1.00000

0 
-0.039013 

-0.068
588 

-0.1058
42 

-0.09331
9 

-0.09561
4 

SEMICOND
UCTORS_O
THER_ELE 

-0.067137 -0.014337 -0.044368 
-0.0390

13 
1.000000 

-0.039
670 

-0.0612
17 

-0.05397
4 

-0.05530
1 

BIOTECHN
OLOGY 

-0.118033 -0.025205 -0.078003 
-0.0685

88 
-0.039670 

1.0000
00 

-0.1076
24 
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0 

-0.09722
4 
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HEALTH 
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624 

1.0000
00 

-0.14643
1 

-0.15003
3 

CONSUMER
_RELATED 

-0.160593 -0.034294 -0.106129 
-0.0933

19 
-0.053974 

-0.094
890 

-0.1464
31 

1.000000 
-0.13228

1 
INDUSTRIA
L_ENERGY 

-0.164543 -0.035137 -0.108739 
-0.0956

14 
-0.055301 

-0.097
224 

-0.1500
33 

-0.13228
1 

1.00000
0 
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Table LXIV 
Correlations of Combined Variables 

 
FUND
_TYPE 

300.
1-50
0 Mil 

PRIMARY
_MARKET 

COMMUNICATIO
NS_AND_MEDIA 

MEDICAL
_HEALTH 

CONSUMER
_RELATED 

INDUSTRIA
L_ENERGY 

FUND_TYPE 
1.0000

00 
-0.08
1982 

0.107473 0.136963 0.200605 -0.199719 -0.223265 

300.1 - 500 Mil 
-0.0819

82 
1.00
0000 

0.074423 0.003984 -0.007583 -0.007187 0.047594 

PRIMARY_MARK
ET 

0.1074
73 

0.07
4423 

1.000000 0.037497 0.136389 -0.101443 -0.034973 

COMMUNICATIO
NS_AND_MEDIA 

0.1369
63 

0.00
3984 

0.037497 1.000000 -0.182144 -0.160593 -0.164543 

MEDICAL_HEALT
H 

0.2006
05 

-0.00
7583 

0.136389 -0.182144 1.000000 -0.146431 -0.150033 

CONSUMER_REL
ATED 

-0.1997
19 

-0.00
7187 

-0.101443 -0.160593 -0.146431 1.000000 -0.132281 

INDUSTRIAL_ENE
RGY 

-0.2232
65 

0.04
7594 

-0.034973 -0.164543 -0.150033 -0.132281 1.000000 

 
Table LXV 

Heteroscedasticity Tests 
Heteroscedasticity Test For Fund Type Regression 

Heteroskedasticity Test: White 
F-statistic 8.212696     Prob. F(1,995) 0.0042 
Obs*R-squared 8.161836     Prob. Chi-Square(1) 0.0043 
Scaled explained SS 54.86660     Prob. Chi-Square(1) 0.0000 

 
Heteroscedasticity Test For Fund Size Regression 

Heteroskedasticity Test: White 
F-statistic 0.018892     Prob. F(1,995) 0.8907 
Obs*R-squared 0.018930     Prob. Chi-Square(1) 0.8906 
Scaled explained SS 0.120497     Prob. Chi-Square(1) 0.7285 

 
Heteroscedasticity Test For Fund Sequence Regression 

Heteroskedasticity Test: White 
F-statistic 0.004415     Prob. F(1,995) 0.9470 
Obs*R-squared 0.004423     Prob. Chi-Square(1) 0.9470 
Scaled explained SS 0.028607     Prob. Chi-Square(1) 0.8657 
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Heteroscedasticity Test For Fund Primary Market Regression 
Heteroskedasticity Test: White 
F-statistic 1.842548     Prob. F(1,995) 0.1750 
Obs*R-squared 1.842839     Prob. Chi-Square(1) 0.1746 
Scaled explained SS 11.76938     Prob. Chi-Square(1) 0.0006 

 
Heteroscedasticity Test For Fund Investment Industry Regression 

Heteroskedasticity Test: White  
F-statistic 2.011939     Prob. F(5,991) 0.0746 
Obs*R-squared 10.01890     Prob. Chi-Square(5) 0.0747 
Scaled explained SS 63.79453     Prob. Chi-Square(5) 0.0000 

 
Heteroscedasticity Test For All Significant Dummy Variables Regression 

Heteroskedasticity Test: White 
F-statistic 2.109754     Prob. F(7,989) 0.0401 
Obs*R-squared 14.66870     Prob. Chi-Square(7) 0.0405 
Scaled explained SS 93.85942     Prob. Chi-Square(7) 0.0000 

 
 
 
 
 


