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Abstract: In this paper we study European venture capital industry by applying clustering 

algorithm. The aim is to find how VC funds invest using Top 500 European Venture capital funds 

data from Dealroom.co. First, we review the current state of Venture Capital in Europe and how it is 

expanding over the years using Pitchbook data. Secondly, we apply K-means clustering algorithm 

to find clusters in top European venture capital funds by using four variables. Moreover, we introduce 

validation tests of the results – One-way ANOVA and Bonferroni procedure. 
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1. INTRODUCTION 

Participation of the venture capitalists in the innovation processes is not being 

confined only to the financing of the ideas and their realization but also to the mentorship, 

strategic consulting, hiring services etc. Lerner and Gompers (2001) define the venture 

capital funds as professionally managed financial intermediaries that operate on markets 

where uncertainty is the known factor. This means that venture capital funds provide capital 

to companies that have difficulty to be finance by other sources such as bank loans. What 

is more, the information asymmetry is high due to short history of the targeted companies 

which are focused on markets that change very rapidly. However, the potential rewards from 

the investments could be enormous and cover the high-risk that the venture capitalists 

undertake. 

 

According to Hsu and Kenney (2005) venture capital emerged from an experiment 

that was introduced to deal with the New England’s economy depression to a critical part of 

innovations in United States. The establishment of the venture capital industry dates to 1946 

when American Research and Development Corporation (ARDC) was created by Georges 

Doriot and Ralph Flanders (non-family venture capital firm unlike other ones). After 1979 the 

Employee Retirement Income Security Act was changed, allowing pension funds to invest 

in high-risk asset such as venture capital. Since then the development of the venture capital 

firms is enormous (Gompers,1994). 

 

The Venture Capital model has been copied worldwide, however, it origins from 

United States and it is most developed and successful there. Although only a small 

percentage of the newly created companies are venture backed, the share of the venture-



VANGUARD SCIENTIFIC INSTRUMENTS IN MANAGEMENT, vol. 14, no. 1, 2018, ISSN 1314-0582 

 

backed IPOs is huge. Thus, many of the most successful startups have been supported by 

the venture capital funds. Therefore, these practices have been spread around the world. 

(2010, Kaplan, S. and Lerner, J.).  

 

Although, nowadays Venture capital is taken for granted in providing entrepreneurs 

with capital to start, advance and expand their ideas, it has its historical development over 

the years to the current state. However, the topic about the segmentation of European 

venture capital funds based on their investment patterns is not enough discussed. 

 

In this study we focus on European region using data set consisting of top 500 

European Venture Capital Funds. Firstly, we summarize the current state of the European 

venture capital funds by reviewing the deal and exit activity by different sections, using data 

from Pitchbook yearly report on European VC funds. Secondly, we apply k-means clustering 

algorithm to Top 500 European Venture capital funds data from Dealroom.co. Furthermore, 

we validate the results by using ANOVA analysis, including the Bonferroni correction. 

 

2. OVERVIEW OF THE CURRENT STATE OF EUROPEAN VENTURE 

CAPITAL 

 

In this section we review the current state of European Venture Capital activity using 

data from Pitchbook database. The following indicators are reviewed: 

 

- Deal activity 

- Deal sizes 

- Deals by regions 

- Deals with US investor participation 

- CVC participation / CVC by sector 

- Exit activity 

 

As it can be seen below (Fig. 1) there is an increasing deal activity in Europe and in 

2018 it reaches decade high and exceeds $20B. However, there is a three-year downturn 

in deal count which can be considered that the investors continue to concentrate capital in 

fewer, but larger companies.  

 

Fig. 1 European VC deal activity 
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Source: PitchBook (https://pitchbook.com/) 

 

Furthermore, Fig. 2 shows the Median European VC deal sizes (€M) and it is clearly 

that the median deal size is increasing restating the abovementioned reason for deal count 

downsizing. 

 

Fig. 2 Median European VC deal sizes (€M) 

 

Source: PitchBook (https://pitchbook.com/) 

 

Breaking down the deal activity by regions: UK & Ireland continues to be the most 

advanced VC region in Europe. However, DACH and Israel both increased their proportions 
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because of the higher investment in the Healthtech industry. Fig. 3.shows the number of 

European VC deals by region. 

 

Fig. 3 European VC deals (#) by region 

 

Source: PitchBook (https://pitchbook.com/) 

 

The deals in European VC with US investor participation is increasing and remains a 

significant factor of the EU VC market. In 2018 it reaches 20.9% of all deals which is far 

above the 11%-14% over the past decade. The upward trend could be considered as a 

function of the increased capital availability in US and the search for startup investments in 

other geographical locations. Fig. 4 shows the number of deals with US investor participation 

Fig. 4 European VC deals (#) with US investor participation 

 

Source: PitchBook (https://pitchbook.com/) 
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Corporate Venture Capital is shifting toward funding more late-stage investments and 

it remains able to provide substantial capital to startups. The proportion CVC participation is 

increased reaching peak in 2018 21.1% of all VC-backed deals. This way Corporates gains 

insights into emerging technologies, mainly in the AI & ML sectors that are considered more 

than ever as a strategic field. Figure 5 shows the proportion of CVC participation, while figure 

6 shows the CVC participation by sectors. 

 

Fig. 5 Proportion CVC participation Fig. 6 CVC Participation by Sector 

 

Source: PitchBook (https://pitchbook.com/) 

 

The exit market’s power to support three multi-billion-dollar exits in one year (Spotify, 

Adyen, and Farfetch) is an important step for European VC ecosystem. In 2018 there is a 

peak of €47.4 billion in European VC exit activity due to the mega-exits of the 

abovementioned companies (Fig. 7). 

 

Fig. 7: European VC exit activity 
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Source: PitchBook (https://pitchbook.com/) 

 

2018’s was a boon for the shareholders due to the mega-exits, however, on average 

exit counts is decreasing. With only 373 events during the year, 2018 posted the lowest 

count since 2012 (Fig. 9). 

 

Fig. 9: European VC deals versus exits 

 

Source: PitchBook (https://pitchbook.com/) 
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3. METHODOLOGY 

3.1. K-means procedure 

The K-means procedure (MacQueen, 1967) attempts to identify relatively 

homogeneous groups of cases based on selected characteristics. Firstly, we specify 

number of clusters - 3 groups (3 clusters) are set, because European VC funds are 

divided into different investment types - investment fund, corporate, angel, corporate 

venture fund, debt, crowdfunding, accelerator and advisor. However, the main 

categories in this study are considered as follows: investment funds, corporate and 

corporate venture capital funds and angels, although there is a small portfion of 

crowfunded companies and those funded by debt, accelerator, advisor etc. 

The next steps are as follows: 

- Each instance di is assigned to its closest cluster center 

- Each cluster center Cj is updated to be the mean of its constituent instances 

- The algorithm converges when there is no further change in assignment of 

instances to clusters. 

 

The distance measure is the Euclidian distance: 

 (1) 

3.2. Validations of K-means cluster analysis 

- Firstly, we limit the maximum iterations to 10.  

- Secondly, we apply One-way ANOVA to test all the variables to factor Cluster 

number of Case 

- Moreover, we introduce Post Hoc test using Bonferroni correction to test if given 

cluster number is significant (differ from other clusters). Since we are interested 

in finding clusters that differ from each other but homogenous  

 

3.3. Data description 

Dealroom.co created a list of the most prominent VC investors in Europe (as of 8 

June, 2017), based on nine different factors including the rate of activity and performance 

(exits and valuable portfolio companies). The variables that are in the whole data set are as 

follows: 

1. Portfolio size in Europe = number of portfolio companies in Europe (incl. Israel), all 

time 

2. Number of rounds in last 12 months = number of rounds which investor participated 

in during last 12 months 
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3. Deal size in last 12 months (€ millions) = total aggregate size of rounds which investor 

participated in during last 12 months 

4. Exit score = number of exits relative to total portfolio, all time 

5. Exits number = number of exits, global 

6. Number of exits > €100millions (total firm value, all time) 

7. Number of exits > €500millions (total firm value, all time) 

8. Number of portfolio companies valued over €500millions, all time 

9. Capital efficiency = total € amount of all exits relative to the € amount of capital 

invested (total of rounds which investor participated in, all time) 

 

In our analysis we are using a subset which includes the following variables: 

1. EXITS NUMBER = number of exits 

2. ROUNDS NUMBER (12 MONTHS) 

3. PORTFOLIO SIZE IN EUROPE 

4. DEAL FLOW AMOUNT 12 MONTHS (GROSS EUR M) 

 

The data is standardized using Z-score. Therefore 4 new variables are created: 

1. Zscore:  ROUNDS NUMBER (12 MONTHS) 

2. Zscore:  EXITS NUMBER 

3. Zscore:  PORTFOLIO SIZE IN EUROPE 

4. Zscore:  DEAL FLOW AMOUNT 12 MONTHS (GROSS EUR M) 

 

   

4. EMPIRICAL RESULTS 

4.1. Initial Cluster Centers 

The selected initial clusters are shown in Tab. 1: 

 

Tab. 1 Initial Cluster Centers 

 

Cluster 

1 2 3 

Zscore:ROUNDS NUMBER 
(12 MONTHS) 

-1,03057 2,86704 2,86704 

Zscore:  PORTFOLIO SIZE 
IN EUROPE 

-,95731 3,53237 -,81015 

Zscore:  EXITS NUMBER 2,46393 -,63014 -,93513 

Zscore: DEAL FLOW 
AMOUNT 12 MONTHS 
(GROSS EUR M) 

,89295 -,97142 4,25535 

4.2. Iteration history 

 

Nine iterations were needed to converge the change to zero which is a good indicator 

for the data robustness. 
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Tab. 2 Iteration history 

Iteration 

Change in Cluster Centers 

1 2 3 

1 2,731 2,860 2,390 

2 ,095 ,251 ,342 

3 ,081 ,093 ,334 

4 ,073 ,045 ,264 

5 ,056 ,033 ,151 

6 ,041 ,023 ,092 

7 ,028 ,039 ,048 

8 ,015 ,024 ,027 

9 ,000 ,000 ,000 

 

 

4.3. Final cluster centers 

Tab. 3 and Fig. 10 show the final cluster centers.  

 

Tab. 3 Final cluster centers 

 

Cluster 

1 2 3 

Zscore:  ROUNDS 
NUMBER (12 MONTHS) 

-,55682 ,50434 ,90572 

Zscore:  PORTFOLIO SIZE 
IN EUROPE 

-,46487 1,51656 -,30023 

Zscore:  EXITS NUMBER ,07348 ,09440 -,27473 

Zscore:  DEAL FLOW 
AMOUNT 12 MONTHS 
(GROSS EUR M) 

-,38033 -,47337 1,40728 

 

Fig.10 Final cluster centers 
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4.4. Distances between Final Cluster Centers 

 

Tab. 4 Distances between the Final Cluster Centers 

Cluster 1 2 3 

1  2,250 2,342 

2 2,250  2,671 

3 2,342 2,671  

 

4.5. ANOVA 

 

It can be seen from ANOVA table that all variables’ p-value is 0.000 and F-statistic is 

considerably high. 

Tab. 5: ANOVA 

 

Cluster Error 

F Sig. Mean Square df Mean Square df 

Zscore:  ROUNDS 
NUMBER (12 MONTHS) 

103,080 2 ,589 497 174,943 ,000 

Zscore:  PORTFOLIO SIZE 
IN EUROPE 

159,500 2 ,362 497 440,399 ,000 

Zscore:  EXITS NUMBER 5,464 2 ,982 497 5,564 ,004 

Zscore:  DEAL FLOW 
AMOUNT 12 MONTHS 
(GROSS EUR M) 

143,256 2 ,428 497 335,068 ,000 

 

4.6. Number of cases in each Clusters 

 

Tab. 6 shows that Cluster 2 and 3 have similar cases, however Cluster 1 is much 

higher than first 2. 
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Tab. 6 Number of Cases in each Cluster 

Cluster 1 280,000 

2 108,000 

3 112,000 

Valid 500,000 

Missing ,000 

 

4.7. One-way ANOVA – multiple comparisons using Bonferroni correction 

 

From Tab.7 the following conclusions can be made: 

- There is a difference between all clusters related to the Rounds number 

- When it comes to Exits number there is a similarity between first and second 

cluster 

- The same as the first variable, there is a difference between all clusters regarding 

Portfolio size in Europe 

- With respect to Deal flow amount, there is some similarity between first and 

second cluster 

 

Tab. 7 One-way ANOVA – multiple comparisons using Bonferroni correction 

Bonferroni 

Dependent Variable 
Mean Difference (I-
J) Std. Error Sig. 

95% Confidence Interval 

Lower 
Bound 

Upper 
Bound 

Zscore:  
ROUNDS 
NUMBER (12 
MONTHS) 

1 2 -1,06115396* 0.08694861 0.000 -
1.2700142 

-
0.8522937 

3 -1,46253324* 0.08582082 0.000 -
1.6686844 

-
1.2563820 

2 1 1,06115396* 0.08694861 0.000 0.8522937 1.2700142 

3 -,40137927* 0.10352092 0.000 -
0.6500481 

-
0.1527105 

3 1 1,46253324* 0.08582082 0.000 1.2563820 1.6686844 

2 ,40137927* 0.10352092 0.000 0.1527105 0.6500481 

Zscore:  
EXITS 
NUMBER 

1 2 -0.02091674 0.11225065 1.000 -
0.2905554 

0.2487219 

3 ,34821190* 0.11079468 0.005 0.0820707 0.6143531 

2 1 0.02091674 0.11225065 1.000 -
0.2487219 

0.2905554 

3 ,36912864* 0.13364550 0.018 0.0480972 0.6901601 

3 1 -,34821190* 0.11079468 0.005 -
0.6143531 

-
0.0820707 

2 -,36912864* 0.13364550 0.018 -
0.6901601 

-
0.0480972 

Zscore:  
PORTFOLIO 
SIZE IN 
EUROPE 

1 2 -1,98143044* 0.06816831 0.000 -
2.1451784 

-
1.8176825 

3 -,16463145* 0.06728412 0.044 -
0.3262554 

-
0.0030075 

2 1 1,98143044* 0.06816831 0.000 1.8176825 2.1451784 

3 1,81679900* 0.08116112 0.000 1.6218409 2.0117571 

3 1 ,16463145* 0.06728412 0.044 0.0030075 0.3262554 
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2 -1,81679900* 0.08116112 0.000 -
2.0117571 

-
1.6218409 

Zscore:  DEAL 
FLOW 
AMOUNT 12 
MONTHS 
(GROSS EUR 
M) 

1 2 0.09304559 0.07406524 0.629 -
0.0848674 

0.2709586 

3 -1,78760754* 0.07310456 0.000 -
1.9632129 

-
1.6120022 

2 1 -0.09304559 0.07406524 0.629 -
0.2709586 

0.0848674 

3 -1,88065313* 0.08818200 0.000 -
2.0924761 

-
1.6688301 

3 1 1,78760754* 0.07310456 0.000 1.6120022 1.9632129 

2 1,88065313* 0.08818200 0.000 1.6688301 2.0924761 

*. The mean difference is significant at the 0.05 level. 

 

5. DISCUSSION 

 

After applying the k-means clustering technique on different type of investors type, 

the groups that were generated are described below (Tab. 8 and Fig. 11). As it can be seen 

the most dominant venture investor type in all three clusters is the investment fund (VC 

Fund), followed by corporate VC funds and angels. 

 

Tab. 8 Number of investment funds by types per cluster 

Venture Investor type 
Cluster 
1 

Cluster 
2 

Cluster 
3 

Grand 
Total 

accelerator 4  4 8 

advisor 1 2  3 

angel 8 9 17 34 

corporate 24 12 12 48 

corporate venture fund 18 7 2 27 

crowdfunding 4  2 6 

debt 2   2 

investment fund 219 78 75 372 

Grand Total 280 108 112 500 
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Fig. 11 Number of investment funds by types per cluster 

 

 

Cluster one has the following values for different variables: 

Zscore:  ROUNDS NUMBER (12 MONTHS) -0,55682 

Zscore:  PORTFOLIO SIZE IN EUROPE  -0,46487 

Zscore:  EXITS NUMBER    0,07348 

Zscore:  DEAL FLOW AMOUNT 12 MONTHS (GROSS EUR M) -0,38033 

 

Rounds number, portfolio size in Europe and Deal flow amount for the last 12 months 

have negative Zscore which means that they are below the mean value. Therefore most of 

the venture capital funds - 219 (280 with other investors types) – belong to group of investors 

that have Exit numbers slightly above the mean, but for other indicators below the mean. 

 

Second cluster indicates: 

Zscore:  ROUNDS NUMBER (12 MONTHS)  0,50434 

Zscore:  PORTFOLIO SIZE IN EUROPE    1,51656 

Zscore:  EXITS NUMBER     0 ,09440 

Zscore:  DEAL FLOW AMOUNT 12 MONTHS (GROSS EUR M) -0,47337 
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Unlike the first cluster, the second one (which is the smallest number of cases) 

consist of funds that have rounds numbers, portfolio size and exit numbers far above the 

mean. However, the flow amount is considerably low. 

The third cluster has the following values: 

 

Zscore:  ROUNDS NUMBER (12 MONTHS)   0,90572 

Zscore:  PORTFOLIO SIZE IN EUROPE    -0,30023 

Zscore:  EXITS NUMBER      -0,27473 

Zscore:  DEAL FLOW AMOUNT 12 MONTHS (GROSS EUR M)  1,40728 

 

The third one unlike others have deal flow amount above the mean. Rounds number 

is considerably high. 

 

6. CONCLUSION 

 

In this paper we introduce a clustering technique to segmentate top European Venture 

Capital Funds based on investment patterns. Firstly, we presented the current state of 

European Venture Capital funds using Pitchbook data. From the provided data it was 

obvious that the deal, exit and capital activity incresead over the last couple of years which 

says that the venture capital funds are again the preferred way of finance start-ups. 

 

Furthermore, we applied K-means clustering algorithm to find patterns in the 

investments of the top 500 European Venture Capital Funds. Therewith, we validated the 

model by limiting the maximum iterations to 10, applying One-way ANOVA to test all the 

variables to factor Cluster number of Case and introduced Post Hoc test using Bonferroni 

correction to test if given cluster number is significant.  

 

Three groups (clusters) were specified beforehand due to the main types of funds – 

venture capital funds, corporate venture capital and angels. 

 

The following variables were used: ROUNDS NUMBER (12 MONTHS), PORTFOLIO 

SIZE IN EUROPE, EXITS NUMBER, DEAL FLOW AMOUNT 12 MONTHS (GROSS EUR 

M). However, the variables were additionally standardized using Z-score. 

 

Empirical results showed that 9 iterations were needed to converge the change to 

zero. ANOVA table showed that variables can be considered as significant. Bonferroni 

coefficient showed that there is a difference between all clusters related to the Rounds 

number. When it comes to Exits number there is a similarity between first and second 

cluster. The same as the first variable, there is a difference between all clusters regarding 
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Portfolio size in Europe. With respect to Deal flow amount, there is some similarity between 

first and second cluster. 

 

Considering the cases of each cluster the second and the third ones consist of 

approximately the same number which is quite different from the first one. Moreover,  the 

second and third cluster have similar structure of funds that form them. 

 

Finally, it can be concluded that the first cluster is more passive than the others since 

deal flow and round numbers are below the mean. However, only its exit number is slightly 

above the mean which is similar to second cluster which in contrast have a considerably 

bigger portfolio size in Europe. Therefore, second one can be considered as a middle 

ground. The third cluster is the aggressive one which has deal flow amount and round 

numbers much higher than the mean. However, it has portfolio size and exit numbers below 

the mean which means that it is about to accelerate. 
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