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Abstract
Venture capital (VC) often involves complex equity contracts with so-called preferential 
rights affecting the allocation of exit proceeds among different share classes and investors. 
We structure exit-relevant preferential rights in a two-dimensional framework and develop 
a contingent claims model that allows for ex-ante valuation of separate shareholdings. The 
model generates insights on the valuation effects of varying setups in VC financing and 
indicates considerable mispricing potential of VC investments when applying commonly 
used heuristics such as the most recent funding round. Applying the model to a sample of 
ventures indicated an average ’overvaluation’ on a per-share basis of 26.7% , with common 
stocks and early-stage investments being the most affected. In addition, our analysis pro-
vides different implications regarding the effects of preferential right structuring for early 
and late stage investors.

Keywords Venture capital finance · Liquidation preferences · Preferential claims · Option 
pricing

JEL Classification M13 · G12 · G13

1 Introduction

Acknowledged amongst investors and research professionals, returns of venture capital 
(‘VC’) investments are defined by special characteristics. Korteweg and Sorensen (2010) 
report that only one-third of VC-backed firms go public or are acquired while the major-
ity of companies have been either liquidated or have become ’living zombies’ with no 
profitable path. In consequence, high returns on a few successful exits stand against many 
exits with negative returns. Second, this translates into high average returns at high risk: 
Cochrane (2005) presents lognormal average returns for VC investments of 15% p.a. with a 
standard deviation of 89% p.a. implying 37% of investments end up in negative returns on 
an annual basis. To put these numbers into context: The average return of the MSCI World 
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Index over the last 30 years has been at approximately 7.5% p.a. with a standard deviation 
of approx. 15% p.a.

To hedge themselves at least partially against adverse outcomes and to set incentives for 
the entrepreneur to be financed, VCs regularly require various rights specified in financial 
contracts such as information rights, control rights, exit rights, and cash flow rights (see 
Sahlman 1990). The latter are generally intended to allocate cash flows to the venture’s 
shareholders in case of an ‘exit’. Differences in these rights create varying classes of shares 
within a venture’s equity. Ignoring these differences can potentially be consequential: First, 
transposing the price of shares with special preferred rights simply proportionally to the 
value of the total enterprise—which is typically the case when the most recent financing 
round is published via ‘post-money valuations’,1 evoke mispricing. Gornall and Strebulaev 
(2020) empirically estimate an overvaluation of 37% for so-called ’unicorns’ when using 
post-money valuation compared to reflecting those rights correctly. Second, with VCs usu-
ally staging investments over several financing rounds with varying rights, different classes 
of shares are created. Thus, investors not participating in a particular round need to under-
stand whether dilutions of their earlier investments due to the prioritization of later inves-
tors are compensated by the increase in enterprise value assumed in the post-money valua-
tion. Third, ignoring these differences regularly results in inflated net asset values reported 
in annual statements of VC funds. While any fair value measurement compliant with IFRS 
or US GAAP has to account for such cash flow rights as recently claimed by the IPEV 
Board in their International Private Equity and Venture Capital Valuation Guidelines IPEV 
(2018), founders and investors tend to ignore cash flow rights influencing their VC invest-
ments when communicating to the public for different reasons (see Chakraborty and Ewens 
(2017) and Agarwal et al. (2019) for detailed discussions) and often publish most recent 
financing round valuations, i.e., post-money values, instead. Likewise, such valuation prac-
tices may have cash-relevant implications in case of inheritance tax issues or in case of ’dry 
income’ for employees, management, or advisors, since compensation packages are often 
tied to the performance of specific share classes of the venture instead of the performance 
of the venture as a whole.

An illustrative example regarding the consequences of cash flow rights is the case of 
Good Technology, a mobile security startup, which became a ’unicorn’ in 2013. The com-
pany was expected to exit via an IPO in 2014 at a valuation of around USD 1.1 billion. The 
IPO would have erased all preferential claims resulting in an exit value per stock of USD 
4.32, irrespective of the underlying share class. However, the IPO did not go through due 
to struggles experienced by other tech start-ups going public, and because Good Technol-
ogy missed its growth forecasts. During the process of postponing the IPO, the company 
turned down a cash offer of USD 825 million in March 2015, and was eventually sold to 
BlackBerry in September 2015 for only USD 425 million. Venture capital investors with 
preferred shares involving cash flow rights were largely protected by that deal still receiv-
ing more than USD 3 a share. In turn, common stocks, for instance held by employees, 
plummeted disproportionally towards an exit value of USD 0.44.2 Even worse than having 
just lost a huge amount of money on paper was the fact that many employees had already 

1 Post-money valuation is determined by multiplying the entire amount of issued shares with the share 
price of the most recent financing round.
2 See https:// www. nytim es. com/ 2015/ 12/ 27/ techn ology/ when-a- unico rn- start- up- stumb les- its- emplo yees- 
get- hurt. html?_r= 2 & refer er=

https://www.nytimes.com/2015/12/27/technology/when-a-unicorn-start-up-stumbles-its-employees-get-hurt.html?_r=2%20&referer=
https://www.nytimes.com/2015/12/27/technology/when-a-unicorn-start-up-stumbles-its-employees-get-hurt.html?_r=2%20&referer=
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paid taxes on their common stocks based on the ’unicorn’ valuation from a previous fund-
ing round (Table 1).

Such a setup is not an exception but the standard. Specifically, in case of mediocre or 
poor performance, cash flow rights result in an allocation of ’exit proceeds’, i.e., total pro-
ceeds received for the stakes sold in the event of an exit, skewed away from the usual ’pro-
rata’ allocation, which refers to an allocation based on the respective relative share in nom-
inal capital. As a study by Broughman and Fried (2010) reveals: 84% of ventures within 
their sample have investors exiting as preferred shareholders, i.e., exit proceed distribution 
has been determined by cash flow rights rather than pro-rata. In our paper, we develop a 
structured contingent claim valuation approach for such exit-relevant cash flow rights that 
allows identifying mispricing ex-ante. In contrast to existing literature, our model captures 
all features of preferential claims that are empirically known and distinguishes mispric-
ing on share class level as well as on shareholder level (see Table 2 in the appendix for a 
summary of the literature review). Further, we apply the model on a sample of 49 ventures 
capturing 407 financing rounds and 2,098 transactions. The economic impact is measured 
by the difference between the model-based (implied) value and the (imposed) post-money 
value. As a consequence, we do not only confirm the results of Gornall and Strebulaev 
(2020) but in addition reveal that:

• on average, valuation discounts on venture level grow with the number of financing 
rounds and share classes.

• valuation discounts vary significantly on shareholding level within ventures with grow-
ing discounts for lower, more subordinated share classes and lower entry prices.

• even valuation premia may occur on shareholding level if one or more subsequent 
investments have been made in a down-round.3

• shareholdings affected by down-rounds show lower total returns on average and may 
even turn negative.

• valuation discounts on shares are greater for ventures where the seniority of preferential 
claims is based on a ’stacking’-approach or mixed seniority in comparison to ventures 
where seniority of claims is based on pari-passu

• valuation discounts are greatest under shareholder-based (SHB) remainder allocation in 
comparison to conversion-based (CPR) and share class-based (SCB) remainder alloca-
tion.

Based on these findings, which we detail in section six, we deliver strategic implications 
for founders, early-stage investors, and late-stage investors regarding a contract design tilt-
ing fair share values to their respective benefits. These implications are presented in section 
seven.

In general, being unaware of the implications of preferential rights may have severe 
consequences. First, communicating inflated valuations may result in disadvantageous 
investment decisions. Second, the burden of preferential claims may be so substantial that 
common stocks held by founders and employees lose their incentive function. Third, the 
asymmetry of exit proceeds among shareholders may endanger the execution of beneficial 
exit strategies.

3 We define a down-round as an investment into the venture where the entry price per share lies below the 
entry price of the previous financing round.
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The remainder of the paper is structured as follows: In section two, we give a brief over-
view of the related literature. In section three, we introduce the elements of exit-relevant 
preferential rights and present our modeling framework as well as the underlying economic 
concepts. Thereafter, we develop the model by separately valuing preferential claims and 
the remainder. Within the fifth section, we introduce our sample and the assumptions con-
cerning the implementation of the model. Subsequently, we summarize our results and pro-
vide comparative statics to our exogenous parameters in the sixth section focusing on the 
skewness of relative value allocation resulting from preferential claims. We conclude the 
paper in section seven discussing the main implications and suggesting areas for further 
research.

2  Literature

Our paper adds to several literature strands on venture capital and builds upon classic con-
tingent claims valuation frameworks. In particular, we apply the pricing kernel for Euro-
pean call options as famously presented by Black (1973) and Merton (1974) to value 
stacked claims arising from preferential rights in VC-backed companies.

In terms of venture capital literature, our paper is firstly related to the discussion on 
financial contract design in VC investments. Sahlman (1990), Gompers (1997), Hellmann 
(1998), Kaplan and Strömberg (2001), Cumming (2005), and Bengtsson and Sensoy (2015) 
analyze principal-agent conflicts inherent in the uncertain setting of growth firms and how 
they can be mitigated using specific designs. We incorporate most of the contractual miti-
gation instruments discussed into our framework, quantify their impact ex-ante, and allow 
for joint effects. Thus, we can provide some guidance on the effectiveness of specific terms 
or general setups.

Another strand of VC literature is concerned with the relation of risk and return of VC 
as an asset class. Kaplan (2005), Cochrane (2005), Korteweg and Sorensen (2010), Harris 
(2016) and Korteweg (2016) analyze investment performance but rely primarily on post-
money valuations (PMV) in their empirical work. As our paper in accordance with Gornall 
and Strebulaev (2020) shows, basing performance analysis on PMV may inflate results. 
Applying fair value models like the one presented in this paper to empirical analyses may 
make findings more accurate.

Finally, we contribute to the literature on VC and mutual funds reporting (see, e.g., 
Barber and Yasuda (2017), Chakraborty and Ewens (2017), Brown et al. (2019), Agarwal 
et al. (2019), Kwon et al. (2019)) as we provide model-backed evidence regarding inflated 
fund performances and standardized fund write-ups towards the share values paid in the 
most recent financing rounds. This is of particular practical relevance since VC investments 
largely represent minority interests, where different investors tend to invest in selected 
stages holding different share classes.

The literature strand regarding valuation approaches for VC investments itself is rather 
narrow, although the economic value of such investments is of utmost importance for 
founders, employees, and investors. Cossin et al. (2002) and Metrick and Yasuda (2011) 
propose valuation approaches to assess the value of single VC investments but only con-
sider a rather limited set of preferential rights. Leisen (2012) uses a similar approach 
to evaluate the impact of preferred shares on the feasibility of later-round financings. 
Although he explicitly considers the interaction of two different preferential rights, the 
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model is still very limited in its capacity to reflect interactions among investors and various 
preferential rights. Similarly, Arcot (2014) uses a principal-agent model to analyze how 
information asymmetry between venture and investors in the event of an exit can be miti-
gated by using preferential claims. Again, the model is restricted to a rather simple setup 
and does not allow for assessing interacting effects of different preferential rights.

The greatest advance so far has been provided by Gornall and Strebulaev (2020) who 
develop a contingent claim valuation framework for valuing VC-backed companies. They 
compare their comprehensive alternative fair value assessment, which is based on appro-
priately reflected cash flow rights, to popular PMV in order to reveal significant overvalu-
ation on the venture level. Similar to Cossin et al. (2002) and Metrick and Yasuda (2011) 
and other than Gornall and Strebulaev (2020), we focus on the rather granular level of the 
VC investment, i.e., the share class level. In our contingent claim model, we reflect all 
practically relevant forms of preferential claims. In particular, we incorporate the different 
designs of remainder allocation, which have not been addressed by the literature so far. By 
doing so, our results reveal that the shareholder-based allocation mechanism triggers on 
average even higher implied valuation discounts on share class level and should therefore 
be avoided by early-stage investors. We present and explain all contractual features covered 
in the analysis in Sect. 3 and provide empirical findings in Sect. 6.

In our analysis, we focus on the dispersion of valuation discounts among share classes 
and the dynamics that exist between them. Thus, we go beyond the venture level analysis 
of Gornall and Strebulaev (2020) and find strategic implications for early-stage sharehold-
ers, namely founders and junior investors. We summarize these findings in Sect. 7.

In Appendix A, we provide a complementary overview and comparison regarding the 
existing valuation literature on the value effects of preferential claims discussed briefly in 
this section.

3  General framework

3.1  Exit and investment scenario

In our model, ventures are exited at time T via two stylized exit routes accounting for the 
most common exit choices in the VC context: (1) recapitalization via IPO and (2) sale of 
the entire venture to another investor, i.e., an M&A transaction. To distinguish between the 
two is necessary since cash flow rights, also referred to as preferential rights, attached to 
specific investments in a venture are treated differently depending on the exit route. They 
take full effect in the allocation of exit proceeds among investors, entrepreneurs, and man-
agement4 in an M&A transaction while they are usually waived in an IPO.5 In case of a 
waiver, exit proceeds are split pro-rata, i.e., accurately reflecting investors’ shares in the 
venture. We define a venture’s IPO probability by �IPO and consequently the probability of 
an M&A exit by �M&A = 1 − �IPO.

4 For the sake of simplicity, we will refer to all such entities that represent shareholders of the venture as 
’investors’.
5 As suggested by Arcot (2014), even if there is no explicit or mandatory conversion in case of an IPO, 
factual conversion is a reasonable assumption as it is a costly signal for venture capitalists, which, if placed, 
facilitates the public offering and may lead to higher valuations.
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We denote the date of valuation as t, with t < T  , resulting in a time to exit of T − t . 
Regarding further financing in the interval [t,  T], we assume that either no additional 
rounds take place or if there are such rounds the net present value effect of those are zero 
for all investors, i.e., no redistribution of wealth is created among investors. Clearly, the 
assumption represents a limitation to our model as financing rounds occur on average every 
1.2 years (see, e.g., NVCA 2021) and as not having any present value effects on investors’ 
level is unlikely in such transactions. Still, we restrict our framework in the described way 
because further financing rounds cannot be modelled in a more detailed way as four highly 
uncertain inputs need to be estimated simultaneously: (a) development of future venture 
values, (b) timing of future financing rounds, (c) size of new investments, and (d) then pre-
vailing preferential claims.

However, our results are not compromised since any further financing round is usually 
increasing valuation discounts and would make our findings even more significant. In addi-
tion, our assumption is fully in line with other models dealing with preferred shares in 
VC-backed companies (see, e.g., Gornall and Strebulaev 2020; Arcot 2014; Hsu 2010). 
The only other article discussing the limitation in further detail is Gornall and Strebulaev 
(2020), who arrive at similar conclusions as they “need that future financings occur at a 
fair price and do not redistribute wealth between the existing investors.”

Subsequently, we determine the investment scenario which defines the venture’s share-
holding by investor, share class and respective pricing. Matrix �� in Eq. (3.1) contains all 
individual shareholdings si,j,T at date T, where i, with i = 1, ...,m , represents the index of 
share classes SCi while j, with j = 1, ..., n , indexes the venture’s investors Invj:

We define the corresponding share prices per shareholding at the time of investment by 
pi,j . As investment times deviate among investors and share classes, we do not subindex pi,j 
but rather capture the time of investment for every single shareholding by 𝜃i,j ≤ t < T  . In 
aggregation, we summarize all prices of shareholdings in a price matrix � equivalent to �� 
from Eq. (3.1). Note that stocks of the same share class are always issued at the same single 
original issue price (see also Metrick and Yasuda 2011; Gornall and Strebulaev 2020).

Altogether, we refer to the set of shareholdings �� and its prices � as the investment sce-
nario of the venture. All notations applied in the article can be found in App. 1.

3.2  Set of preferential rights

We structure the allocation mechanisms of exit proceeds subject to exit relevant cash 
flow rights in two consecutive phases.6 The first phase contains the allocation due to 

(3.1)

6 Note that we use the terms exit proceeds and venture value interchangeably, assuming full sale or recapi-
talization of the venture. We also assume the means of distribution, cash or shares, to be irrelevant.
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explicit preferential claims, i.e., liquidation preferences or preferential return rates, thus 
called preferential claim allocation. The second phase regards the allocation of the 
remaining exit proceeds after all preferential claims have been served. While this part 
of the allocation follows pro-rata in general, it may be characterized by implicit claims, 
which arise due to conversion features, set-offs of preferential claims, or caps. We refer 
to this phase as remainder allocation. See Metrick and Yasuda (2011),  pp. 252, for a 
more detailed illustration of the two phases.

When characterizing the preferential claim allocation, we distinguish between the 
dimensions amount of preferential claims and allocation of preferential claims. The 
amount of preferential claims is determined by the preference basis and can be scaled 
by a preference multiple or a preference return. Furthermore, it may be restricted by a 
preference cap. The allocation of preferential claims as well as the remainder alloca-
tion are determined by preference seniority, remainder allocation basis and preference 
conversion.

We introduce each of the elements in the subsequent paragraphs and start with all 
elements related to the amount of preferential claims. Figure  1 summarizes structure 
and interplay of the elements constituting preferential claims.

Definition 1 (Preference basis) The preference basis is equivalent to the initial investment 
amount pi,jsi,j,T , where pi,j represents the price paid per share and si,j,T reflects the number 
of shares acquired.

Definition 2 (Preference multiple) In general, referred to as ’liquidation preference mul-
tiple’ or ’multiple’, the preference multiple mi,j scales the preference basis and determines 
the amount of the preferential claim per share.

According to Bengtsson and Sensoy (2015), a multiple of one is applied in more 
than 90 per cent of funding agreements. In these cases, respective preferential claims 

Fig. 1  Modeling framework based on structured preferential claims
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are often referred to as ’ordinary’ liquidation preferences (see, e.g. Metrick and Yasuda 
2011, p. 153).

Definition 3 (Preference return) The preference return rri,j,u captures any cumulative divi-
dend, preferential dividend, or other rates applied to the preference amount. In addition to 
the applicable rate rri,j , a period u, starting at � , has to be specified.

Multiples greater than one or preference returns only occur occasionally in practice 
(see, e.g.,Bengtsson and Sensoy 2015 who find such clauses in only 7 per cent of all con-
tracts they examined). In addition to a pure investment protection, they provide a minimum 
return which requires investors usually to have a rather strong negotiation position (see, 
e.g., Simon 2010).

Based on Definitions 1 to 3, the preferential claim per share reflecting preference basis, 
preference multiple and preference return is determined by

Oftentimes, u is not agreed upon explicitly but rather depends on pre-defined events such 
as the next financing round or subsequent exit. For sake of simplicity but without loss of 
generality, we assume u ≤ T − � (see, e.g., Simon 2010).

While Eq. (3.2) depicts the explicit preferential claim per share, we define any fur-
ther implicit claim concerning the remainder allocation per share as rai,j,T . Thus, the total 
(uncapped) claim per share at exit T, pti,j,T , amounts to

Definition 4 (Preference cap) A preference cap capi,j limits the amount of exit proceeds 
allocated to an investor concerning her shareholdings and resulting preferential claims.

Hence, the cap is applied to the total (uncapped) claim per share pti,j,T such that

Bengtsson and Sensoy (2015) report the existence of caps for 23% of investments in 
their sample. Note that we assume the cap capi,j to be at least as large as any preferential 
claim, i.e., ∀capi,j ∶ capi,j ≥ pci,j,T (see, e.g., Metrick and Yasuda 2011, pp. 163 for a more 
detailed discussion of caps).

After having concluded on the features regarding the amount of preferential claims, we 
consider the mechanisms determining the allocation of preferential claims and the remain-
der allocation.

Definition 5 (Preference seniority) Preferential claims are served based on pre-defined 
hierarchies. Although various structures are possible, there are generally two distinct 
schemes: (1) a pari-passu treatment of preferential payments where all preferential claims 
are served (pro-rata) at once but before any common shares are served (see, e.g., Metrick 
and Yasuda 2011, p. 153); and (2) strict seniority where share classes and respective prefer-
ence claims are served in a specified order, also called ’stacking’ (see Woronoff and Rosen 
2005, p. 110).

(3.2)pci,j,T = mi,jpi,j(1 + rri,j,u).

(3.3)pti,j,T = pci,j,T + rai,j,T .

(3.4)pt
cap

i,j,T
= min{pti,j,T ; capi,j}.
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For modelling purposes, we will set up an index hi,j , with hi,j = 1,… , v , for each 
shareholding and the respective level of seniority. hi,j = v denotes the lowest level of 
seniority and hi,j = 1 ranks highest with respect to seniority. The number of seniority 
levels is limited by the number of shareholdings but often corresponds to the number of 
share classes (strict seniority). Empirically, Bengtsson and Sensoy (2015) find 42% of 
their sample investments featuring senior preferential claims, while 57% have pari-passu 
rights. Junior claims are only observed in 0.4% of their sample cases.

After preferential claims have been served, remaining exit proceeds, if existing, are 
distributed. In general, we observe two different allocation mechanisms which apply 
to different legal settings and result in three different remainder allocation models (see 
Metrick and Yasuda 2011, pp. 165). Those are defined as follows:

Definition 6 (Remainder allocation basis) The remainder can either be allocated on a 
share class basis or a shareholder basis. Depending on jurisdiction and legal form, compa-
nies may not issue preferred shares. However, respective provisions may resemble the con-
version feature of preferred shares. Instead of converting preferred shares, the preferential 
claims are ’credited’ or rather ’set off’ against any remainder allocation. Set-off takes place 
on share class or shareholder level, where conversion only applies to a share class-based 
setting. Thus, we consider remainder allocation based on (1) conversion and (non-)par-
ticipation (’CPR’) as well as remainder allocation based on (2) set-off determined by share 
class (’SCB’), and (3) set-off determined by shareholder (’SHB’).

Preferential claims can affect the subsequent distribution in different ways. In gen-
eral, we distinguish between conversion and set-off mechanisms, which we both define 
subsequently.

Definition 7 (Preference participation and conversion, CPR) Conversion clauses can take 
different forms. On the one hand, shares might be eligible to receive a pro-rata share of 
remaining exit proceeds without any consideration of previous claims, thus, called ’par-
ticipating convertible preferred shares’. On the other hand, they might be restricted to their 
preferential claim only. In this case, shareholders usually have the right to convert to com-
mon shares, thereby waiving all their rights participating in the allocation on an as-con-
verted (to common shares) basis. We refer to this feature as ’(non-participating) convertible 
preferred shares’.

We denote participation by yi,j,T for each shareholding, where yi,j,T = 1 indicates par-
ticipation and yi,j,T = 0 non-participation. Note that the conversion feature also applies 
whenever a cap is agreed upon the shares’ participation. If the cap is hit, the respec-
tive shareholding will stop participating. However, once the as-converted shares have 
’caught up’, i.e., common shares are allocated as much as the capped participating con-
vertible preferred shares, investors eventually convert their shares. See Metrick and Yas-
uda (2011), pp. 164, for a more detailed illustration of participation and conversion.
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Definition 8 (Preference participation and set-off, SCB and SHB) Similar to conversion, 
set-off allows other (more junior) shareholdings to ’catch up’. However, in contrast to the 
conversion feature, set-off applies to shareholdings regarding a specific share class (SCB) 
or to entire shareholdings of a specific shareholder (SHB) itself (see Woronoff and Rosen 
2005, p. 115).7

Set-off is denoted by xi,j,T for each shareholding, where xi,j,T = 0 indicates if respective 
preferential claims of the shareholding are to be set off and xi,j,T = 1 if not. The participa-
tion in the remainder allocation might be capped, however, the contract usually allows for 
further ratable participation once all other common shares have been allocated an amount 
up to the cap.

In total, the specific elements of preferential claims and remainder allocation have to 
be aligned for the entire venture: First, seniority is a relative measure and is set in relation 
to all other share classes and will generally not deviate within a share class. Second, the 
remainder allocation basis is also set for the entire investment scenario, without deviations 
across or within shareholdings and share classes.

4  Valuation model

To assess the economic impact of the aforementioned claims and allocation mechanisms 
on a share level, we require both, the fair value of the venture as a whole and the fair value 
of each share. While we begin with a basic model for the venture value itself, our focus is 
to determine the respective share values, which themselves consist of the values of explicit 
and implicit claims.

We assume the venture value Vt to follow a diffusion process under the risk-neutral 
probability measure ℚ with constant annual volatility � and constant annual drift rate of 
return r, where t denotes the valuation date and t < T  . Following classic option pricing 
literature in general (see, e.g. Black 1973; Merton 1974) and preferential claim valuation in 
particular (see Leisen 2012), we choose a geometric Brownian motion (gBm) to describe a 
venture’s value at exit with

where ZÑ(0, 1) is a standard-normally distributed random variable (see, e.g. Hull and 
White 1988; Trigeorgis 1996 for a more detailed discussion). Please note that the stochas-
tic process is presumed to remain unaffected by the equity capital structure.

To determine the value of each share, we need to price each claim the share under con-
sideration participates in. These explicit and implicit (stacked) claims represent contingent 
payments with respect to the stochastic venture value at exit VT . Such a setting is predes-
tined for the application of option pricing theory as also proposed by existing literature 
(see, e.g., Gornall and Strebulaev 2020; Leisen 2012). More precisely, all stacked contin-
gent claims can be transferred to the pricing kernel of European call options, where the 

(4.1)VT = Vte
(r−

�2

2
)(T−t)+�

√
T−tZ

,

7 The feature applies especially to those companies where the legal form prohibits the issuance of dedi-
cated convertible or preferred equity shares.
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preferential rights from Sect. 3 follow a well-defined pecking order and, thus, can be repre-
sented by different strike prices.

We refer to each of the stacked claims as a proceed step PST which is always char-
acterized by the nominal claim per share, the number of participating shares and its 
respective order. The latter adheres either to the seniority within the preferential claim 
allocation or is driven by the height of the per share amount in case of the remainder 
allocation. Each proceed step constitutes a strike price in the option model which we 
call breakpoints BP. For instance, the first proceed step (i.e., the first breakpoint), repre-
sents a claim superior to any other claim regarding the exit proceeds of the venture. In 
other words, all other claims have a call on the venture at an exercise price correspond-
ing to the first breakpoint. Combining claim-specific breakpoints BP with the assumed 
time to exit T − t , the underlying venture value Vt and its stochastic properties given by 
r and � , we can determine the value of each breakpoint VBP. Subtracting these values 
from each other yields the respective values for each proceed step VPS.

We illustrate the general idea in Fig. 2. Subsequently, we first derive the valuation 
framework regarding preferential claims, and move further to examining the different 
types of remainder allocation in Sect. 4.2.

Fig. 2  Contingent claim based valuation approach. Notes: The valuation of the calculated preferential 
claims is shown for a case of 1, 2,… ,N preferential claim with strict seniority, where index pc denotes the 
respective PS and BP of the preferential claim allocation. The proceed steps PSpc,h

T
 are calculated based on 

the sum of preferential claims pci,j,T of each seniority rank h. Thereupon, the breakpoints BPpc,h

T
 can be cal-

culated as the sum of respective proceed steps to determine the breakpoint values VBPpc,h

T
 which are used to 

determine the value of each proceed step PSpc,h
T

 as a difference of consecutive breakpoint values. To deter-
mine the value of the first proceed step, the difference is taken with respect to the entire value of the venture 
and the first breakpoint value. Thereafter, the proceed step values are allocated on the respective shares to 
determine the value of each shareholdings preferential claim per share
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4.1  Pricing preferential claims

We define the nominal preferential claims per share by pci,j,T and denote the i x j matrix 
subsuming those by ��� with the shareholding matrix ST from Eq. (3.1) and pooling as 
well as ordering those amounts by seniority h = 1,… , v , the proceed steps within pref-
erential claims can be fully determined by

where PSpc,h
T

 denotes the cumulative amount of preferential claims on the h-th seniority 
level, thus, called the h-th proceed step.8 ���=�

 represents an indicator function for the 
respective seniority level h.

Additionally, we define pspc,h,%
i,j,T

 to be the percentage share of proceeds of shareholding 
si,j,T regarding PSpc,h

T
 , where we describe the percentage share for all shareholdings regard-

ing PSpc,h
T

 by matrices ���,�,%
�

 . Ordered proceed steps will be stacked consecutively to deter-
mine breakpoints BPpc,h

T
 , where h = 1,… , v indicates the ordering of breakpoints:

To further illustrate the setting: The first breakpoint BPpc,1

T
 entails the first proceed step 

PS
pc,1

T
 , representing the cumulative preferential claims with highest seniority. The second 

breakpoint BPpc,2

T
 amounts to the sum of the first and the second proceed step, and so on.

The value of each breakpoint VBPpc,h

T
 takes the form of the already postulated European 

call option:

As the first, most senior, proceed step is fully served, its value VPSpc,1t  is determined by 
deducting the value of the first breakpoint VBPpc,1

T
 from the value of the venture Vt . We 

obtain the subsequent proceed step values, for h > 1 , by calculating the difference between 
the more senior breakpoint value VBPpc,h−1

t  and VBPpc,h

t  , the breakpoint value under consid-
eration. Thus, we have

(4.2)PS
pc,h

T
=

m∑
i=1

n∑
j=1

���=�
��◦���,

(4.3)BP
pc,h

T
=

v∑
h=1

PS
pc,h

T
.

(4.4)VBP
pc,h

t = Ct(Vt,BP
pc,h

T
, r, �, T − t)

(4.5)= VtN(d1) − BPTe
−r(T−t)N(d2)

(4.6)

where d1 =
ln(

Vt

BPT

) + (r +
�2

2
)(T − t)

�
√
T − t

and d2 =
ln(

Vt

BPT

) + (r −
�2

2
)(T − t)

�
√
BP − t

.

(4.7)VPS
pc,h

t =

{
Vt − VBP

pc,h

t h = 1

VBP
pc,h−1
t − VBP

pc,h

t 1 < h ≤ v.

8 pc denotes that PSpc,h
T

 is a proceed step of the preferential claim allocation.
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Note that VBPpc,v

t  is usually equal to zero since it describes the lowest seniority level which 
does not feature any preferential claims. Moreover, we can see that the values of each claim 
represented by the proceed steps VPSpc,ht  are restricted, resembling a ’call spread option’ 
where the short call option has a higher strike price than the long call option (see Hull 
2014). The value of the respective proceed step h is determined by the sum of claims being 
long in a call option on the venture VBPpc,h−1

t  at an exercise price BPpc,h−1
t  and being short 

in a call option VBPpc,h

t  at an exercise price BPpc,h

t  . Thus, any upside potential due to a 
higher venture value is transferred to the next proceed step.

Knowing the value of each proceed step VPSpc,ht  and the relative share of each share-
holding ���,�,%

�
 , we can allocate the preferential claim values per shareholding, subsumed 

by the i x j matrix ���� . with

4.2  Pricing remainder allocations

In addition to ���� , we need to determine the allocation and value of the remaining exit 
proceeds. As described in Sect. 3.2, the remainder allocation basis and how previously 
allocated preferential claims are considered can differ: A conversion-based approach 
generally applies to a share basis only, while set-off can either be pursued on a share 
class level or a shareholder level.

(4.8)���� =

v∑
h=1

(�
��,�,%

�
⋅ ���

��,�

�
)⊘ ��.

Fig. 3  Remainder allocation base. Notes: The remainder allocation depends on the given legal framework: 
For some jurisdictions, the issuance of preferred shares is not possible given specific legal forms such as 
private limited companies. Whereas the share class-based mechanism mimics the allocation under a conver-
sion-based regime, the shareholder based mechanism considers preferential rights and remainder allocation 
a shareholder level. The plots above characterize the mechanisms based on shareholdings in different share 
classes of a single investor
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Thus, the setting requires three different models to which we refer as ’conversion-
based’, ’share class-based’, and ’shareholder-based’ remainder allocation. However, 
apart from the determination of proceeding steps, structure and valuation approach 
remain the same across all models. Thus, we develop one model in full, the conversion-
based one, and only elaborate on the determination of proceeding steps for the other 
models. All steps of the approach applying to all three models of remainder allocation 
are indexed by ra and allow for the following values:

Figure 3 summarizes and compares the three models.

4.2.1  Conversion‑based allocation

A conversion-based allocation mechanism gives the investor the right to decide on whether 
to take the preferential claim or to convert it into common shares. Rationally, she would 
choose the maximum thereof. The critical amounts at which a shareholder would convert 
her preferential shares rather than retain her preferential claim depend on the actual amount 
of preferential claims per share as well as whether it is participating or capped. At the 
same time, preferential claims impose implied claims for all other participating shares. We 
denote the number of participating shares per shareholding by scc,y=1

i,j,T
= yi,j,Tsi,j,T and the 

number of non-participating ones by scc,y=0
i,j,T

= (1 − yi,j,T )si,j,T.
Next, we determine the implied claims evoked by the conversion feature. Conversion 

will only take place, if the per-share amount of remaining exit proceeds allocated to all 
common and participating preferred shares exceeds the respective preferential per share 
claim. Whenever that happens, the respective shares convert and participate ratably on 
an as-converted basis. The critical amounts of remaining exit proceeds triggering conver-
sion can be regarded as implicit claims. For shareholdings of share class i, we denote such 
implicit claims by pscc,pc

i,j,T
= pci,j,Ts

cc,y=0

i,j,T
 , for pci,j,T > 0.

Caps can be easily implemented into the approach by considering them as critical 
amounts. As described in Sect.  3.2, capped (participating) shares are converted to com-
mon if all common and other participating or converted shares receive at least as much 
as the amount of the respective cap. We define this first implicit claim created by caps as 
cap

adj

i,j,T
s
cc,y=1

i,j,T
 and obtain the resulting proceed step by

where capi,j,T represents the nominal cap of a shareholding. Thereafter, capped convertible 
(participating) preferred shares participate ratably on an as-converted basis, if all common 
and all as-converted common shares have been allocated an amount per share equalling 
the nominal cap capi,j,T . Thus, the second implicit, cap-related claim, i.e., proceed step is 
defined as follows:

(4.9)ra =

⎧⎪⎨⎪⎩

cc conversion − based

sc shareclass − based

sh shareholder − based.

(4.10)ps
cc,cap,adj

i,j,T
= cap

adj

i,j,T
s
cc,y=1

i,j,T
=
(
capi,j − pci,j,Tyi,j,T

)
s
cc,y=1

i,j,T
, for all capi,j,T > 0,
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Thus, proceed steps in the remainder allocation are determined by preferential claims 
as well as caps. Subsequently, we order related claims on a per share amount basis 
in ascending order. We refer to the ordered proceed step claims as ps

cc,k

T
 , where 

ps
cc,k

T
∈ {ps

cc,pc

i,j,T
, ps

cc,cap

i,j,T
, ps

cc,cap,adj

i,j,T
} . k = 1,… ,w defines the index of ascending order, i.e., 

ps
cc,1

T
 reflects the preferential claim of the lowest level ( min{pci,j,T} ), which usually corre-

sponds to common shares without any preferential claim.9 w depicts the highest claim and 
its absolute number depends on the different levels of preferential claims and (adjusted) 
caps.

As subsequent procedures apply to all models of remainder allocation, we use the super-
script ra, as defined in Eq. (4.9), in the upcoming derivations. We begin with determining 
the cumulative number of shares per implied claim psra,k

T
 by10

where � is an indicator function with respect to the indicated claims, e.g., whenever 
ps

ra,k

T
≥ pci,j,T , �����,�

�
≥���,�,�

 is equal to one and zero otherwise. Apparently, participating 
shares sra,y=1

i,j,T
 participate in any proceed step, whereas non-participating shares only partici-

pate when psra,k
T

≥ pci,j,T . Capped shares are subtracted whenever the implicit claim of the 
proceed step psra,k

T
 is greater than capadj

i,j,T
 . The subtraction is reversed via the fourth term in 

Eq. (4.12), whenever psra,k
T

 is greater than capi,j,T , i.e., if all other shares have ’caught up’. 
Based on Sra,k

T
 , the percentage share of each shareholding sra,k,%

i,j,T
 per level k can be derived 

for each level of k, where we refer to the percentage of all shareholdings per level k via 
matrices ��ra,k,%.

Further, we obtain the total claim amounts for each ordered proceed step PSra,k
T

 by mul-
tiplying the number of shares per proceed step Sra,k

T
 with the price differential of the current 

and the previous implied claim per share, psra,k
T

− ps
ra,k−1

T
 . It follows that

Ordered proceed steps PSra,k
T

 provide the basis for the determination of respective break-
points BPra,k

T
 with

Next, we calculate the corresponding option-based values of the breakpoints by applying 
Eq. (4.4) from Sect. 4.1 such that

(4.11)ps
cc,cap

i,j,T
= capi,j,Ts

cc,y=1

i,j,T
, for all capi,j,T > 0.

(4.12)

S
ra,k

T
=

�∑m

i=1

∑n

j=1
(s

ra,y=1

i,j,T
+ �psra,k

T
≥pci,j,T

s
ra,y=0

i,j,T
− �

ps
ra,k

T
>cap

adj

i,j,T

si,j,T + �psra,k
T

>capi,j,T
si,j,T ) 0 ≤ k < w

∑m

i=1

∑n

j=1
(s

ra,y=1

i,j,T
+ �psra,k

T
≥pci,j,T

s
ra,y=0

i,j,T
− �

ps
ra,k

T
≥cap

adj

i,j,T

si,j,T + �psra,k
T

≥capi,j,T
si,j,T ) k = w,

(4.13)PS
ra,k

T
=

{
(psra,k

T
− 0)Sra,k

T
k = 1

(psra,k
T

− ps
ra,k−1

T
)Sra,k

T
1 < k ≤ w.

(4.14)BP
ra,k

T
=

{
PS

ra,k

T
+ BP

pc,v

T
k = 1

PS
ra,k

T
+ BP

ra,k−1

T
1 < k ≤ w.

9 Note, that min{capi,j,T , cap
adj

i,j,T
} >> min{pci,j,T}.

10 Note that the implied claim by the last proceed step k = w marks also the last step of any allocation 
based on explicit and implicit claims. Thereafter, pro-rata distribution applies. In order to include shares 
that are capped to the last proceed step, we need to determine Sra,k

T
 by case.
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Based on the sequence of breakpoint values VBPra,k
t

 from remainder allocation and by 
reflecting the breakpoint value of the most junior preferential claim VBPpc,v

t  , the values of 
proceed steps VPSra,k

t
 are obtained via

where VBPra,w
t

 represents the final residual claim and is allocated among all investors pro-
rata as no subsequent explicit or implicit claims exist anymore. Note that all proceed steps 
VPSra,k

t
 , k < w are restricted and decrease in value with increasing volatility.11

With the values of proceed steps at hand, we determine the values of remainder alloca-
tion vrara

i,j,t
 for each shareholding by applying the percentage distribution matrices ���,�,%

�
 

per level k to the respective VPSra,k
t

 and summing the amounts per shareholding si,j,T . In 
accordance with our methodology regarding the values of preferential claims per share-
holding, we summarize all vrara

i,j,t
 in an i x j matrix denoted by �����

�
 with

Note again that the superscript ra has been introduced as a general indicator for the type of 
remainder allocation and can take any of the three forms as defined by Eq. (4.9).

We present the determination of the value of total claims �����
�

 and the reflection of 
IPO probabilities in Sect. 4.3. Before that, we specify the distinctions between the other 
two remainder allocation mechanisms and the previously discussed conversion-based 
approach.

4.2.2  Share class‑based allocation

Under share class-based allocation, the remaining exit proceeds are allocated among all 
shares pro-rata but previously allocated preferential claims pci,j,T may be credited (’set-off’) 
against such allocation if specified. We denote the number of shares for each shareholding 
where preferential claims are set-off by ssc,x=0

i,j,T
= (1 − xi,j,Tsi,j,T ) and if no set-off occurs by 

s
sc,x=1

i,j,T
= xi,j,Tsi,j,T , with xi,j,T being a set-off indicator. Similar to the option of conversion, 

the set-off per share up to the amount of the preferential claim allows common (and other 
more junior) shares to catch-up in the remaining exit proceeds, imparting an implied claim. 
Determining these implied claims per proceed step is straightforward as

where pssc,pc
i,j,T

 denotes the implied claims due to the preferential claim pci,j,T . As already 
noted in Sect. 4.2.1, the nominal cap per respective share capi,j,T translates into two values: 

(4.15)VBPra,k
t

= Ct(Vt,BP
ra,k

T
, r, �, T − t).

(4.16)VPSra,k
t

=

⎧
⎪⎨⎪⎩

VBP
pc,v

t − VBPra,k
t

k = 1

VBPra,k−1
t

− VBPra,k
t

1 < k < w

VBPra,w
t

k = w,

(4.17)�����
�

=

w∑
k=1

(���,�,%
�

⋅ VPSra,k
t

)⊘ ��

(4.18)ps
sc,pc

i,j,T
= pci,j,Ts

sc,x=0

i,j,T
, for pci,j,T > 0,

11 Higher volatilities result in increasing option values and, thus, in higher breakpoint values. As a conse-
quence, the underlying ’call spread option’ will generally decrease in value.
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capi,j,T and capadj
i,j,T

 . We denote the implied claims due to the cap by pssc,cap
i,j,T

 and pssc,cap,adj
i,j,T

 
respectively and determine them analogously to Sect. 4.2.1, Eq. (4.11).

Again, amount-based ordering of proceed steps is required, considering unique values 
of pssc,pc

i,j,T
 , pssc,cap

i,j,T
 and pssc,cap,adj

i,j,T
 . Here, pssc,k

T
 denotes the claim per share related to the k-th 

proceed step, where k = 1,… ,w depicts the index in ascending order. Based on the dif-
ferent levels and the order of claims per proceed step, we follow the modeling approach 
depicted in Sect. 4.2.1, Eq. (4.12)–(4.17), to determine per share values.

4.2.3  Shareholder‑based allocation

The share holder-based mechanism is similar to the share class-based mechanism as it fea-
tures a set-off of preferential claims instead of a conversion of share classes. However, it 
differs with respect to the set-off mechanism itself. Instead of crediting the allocated pref-
erential claims as per share, they are all pooled for each investor individually and credited 
against the ratable allocation of remaining exit proceeds corresponding to the total share-
holding of the investor—regardless of the shareholding’s underlying share classes. Analo-
gously to Sect. 4.2.2, we begin with defining the number of shares for each shareholding 
where preferential claims are set-off by ssh,x=0

i,j,T
= (1 − xi,j,T )si,j,T and if no set-off occurs by 

s
sh,x=1

i,j,T
= xi,j,Tsi,j,T . In contrast to the previous section, implied claims created by the set-off 

feature have to be based on shareholder level rather than on share class level. Thus, we gen-
erate the average amount to be set off per share for a specific shareholder j by

where the numerator represents the pooled amount of preferential claims to be set off for j12 
and where the denominator corresponds to the total number of shares owned by j.

To be precise, if the remaining exit proceeds per share exceed pcj,T , shareholder j is 
going to participate in the remainder allocation. Thus, we determine the implied claim per 
proceed step by

The primary difference to the other remainder allocation models is that pssh,pc
i,j,T

 depends on 
the shareholding structure of investors due to the direct link to pcj,T . However, the signifi-
cance of the difference decreases with a rising concentration of shareholdings, i.e., if each 
shareholder would only be invested in one share class, there would be no deviation from 
the share class-based approach.

Just as described in Sects. 4.2.1 and 4.2.2, the existence of caps with regard to the exit 
proceed allocation results in implied claims of other shares, since caps are assumed not to 
be pooled but rather refer to the respective shareholding or share class. Thus, we define the 
implied claims per share due to a cap by pssh,cap

i,j,T
 and pssh,cap,adj

i,j,T
 analogously to Sect. 4.2.1, 

Eq. (4.11).
Again, proceed steps need to be ordered by amount considering unique values of pssh,pc

i,j,T
 , 

ps
sh,cap

i,j,T
 and pssh,cap,adj

i,j,T
 . We denote ordered proceed steps by pssh,k

T
 , where k = 1,… ,w 

(4.19)pcj,T =

∑m

i=1
s
sh,x=0
i,j,T

pci,j,T∑m

i=1
si,j,T

,

(4.20)ps
sh,pc

i,j,T
= pcj,T .

12 Note that any preferential claims from shares not requiring set-off are not included.
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depicts the index in ascending order. Equivalently to Sect. 4.2.1, Eq. (4.12–4.17), we fol-
low the modeling approach along the order determined and obtain the values per share.

4.3  Consolidating share values

After having determined the values of preferential claims ���� and the values of remain-
der allocation �����

�
 for all three mechanisms, we can generate the values of total claims 

in a further i x j matrix as

Finally, we incorporate the IPO probability �IPO , as defined in Sect.5.2, into the valuation 
model. As a reminder, value allocation in case of an IPO is rather straightforward since 
all shares convert and the naive approach of pro-rata allocation applies. Thus, the pro-
rata value of each share at time t corresponds to Vt∕

∑m,n

i=1,j=1
si,j,T . We consolidate the per 

share values of each shareholding in the IPO scenario in matrix ����� and ����ra by the 
IPO probability �IPO and its counter probability yields an i x j matrix ����

�
 depicting the 

expected share values per shareholding. We formalize the idea by

Eq. (4.22) illustrates that the more likely the venture will end up in an IPO, the more the 
value allocation will converge to a pro-rata allocation.

5  Application of the model

With the comprehensive framework developed above, we are equipped to analyze the 
effects of preferential rights in settings with many different investors holding shares from 
various share classes for a sample of real ventures. In contrast to other contributions in the 
field, we can distinguish results on share class level from the ones on venture level and by 
that reveal significant deviations.

5.1  Description of the sample

The implementation of our model and its variants requires a detailed level of data (e.g., 
shareholding information for each investor per share class), which—to the best of our 
knowledge—is not systematically provided by any commercial database. Instead, we 
retrieve data from various VC investors for a total sample of 49 ventures, where financing 
took place between 2009 and 2017 and which were incorporated between 2003 and 2017. 
We are bound to non-disclosure agreements with participating funds covering non-disclo-
sure of data and prohibiting the dissemination of data or publication of results on fund or 
venture level. We transcribed the relevant information from shareholder agreements and 
capitalization tables to anonymized data frames for each venture. Hereby, we refer to a 
’share class’ as a distinct class of equity issued by the respective venture.13 We supplement 
and cross-check the data with basic information from federal registers as well as from com-
mercial VC data sets such as CrunchBase.

(4.21)�����
�

= ���
�
+ �����

�
.

(4.22)����
�

= (1 − �IPO)���
��
�
+ �IPO�����

13 We index share classes by order of issuance and investors by order of the provided capitalization table.
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In contrast to Gornall and Strebulaev (2020), our approach allows us to retrieve the 
exact number of issued shares as per the date of the last financing round and does not 
require us to make any assumptions, e.g., basing it on the number of shares authorized. As 
already stated in Sect. 2, the number of shares issued and shares authorized can vary sig-
nificantly (Chernenko et al. 2017).

Our sample ventures reflect a broad range of industries (e.g., E-Commerce, Financial 
Technology, Software, Energy) and business models (e.g., marketplace/platform, services, 
products). The size of the ventures in terms of post-money valuation spans from EUR 2.5m 
to EUR 4.3bn, where the total funding amount per venture varies between EUR 0.6m and 
EUR 818.8m (average approx. EUR 96.5m, median approx. EUR 21.7m).14 Thus, our sam-
ple contains a broad range of general investment scenarios. It is worth noting that invest-
ments in the most recent financing rounds represent on average about 47% of the total 

Table 1  Sample descriptives

Descriptive statistics regarding the preferential rights within our sample of 49 ventures. Fundings were pur-
sued from 2009 to 2017. Panel A enlists statistics regarding the investment scenarios of the ventures in 
our sample. Panel B shows specifications regarding the allocation mechanisms of the preferential rights, 
denoted as the count of ventures within this sample. For instance, 47 ventures of the sample feature solely 
preferential claims that are to be set off or non-participating. Preference seniority is often a mix of pari-
passu and strict seniority, where some share classes are pari-passu, but senior towards other share classes. 
Panel C shows descriptive statistics on the specifications regarding the amount of preferential rights. For 
example, the average multiple of preferential claims across all ventures is about 1.0, whereas the maximum 
multiple observed amounts to 3.0

Panel A: Investment scenario

Number of investors Number of share classes

Maximum 356.0 21.0
Average 28.8 5.5
Median 20.0 5.0
Minimum 5.0 2.0
Panel B: Preferential and remainder allocation
Allocation mechanism Convertible preferred Share class based Share holder based

22 16 11
Seniority Pari-passu Senior Other

15 10 24
Participation/set-off Participating or non-set-off Non-participating or set-off

2 47
Panel C: Preferential claim amount
Multiple Minimum Average Maximum

1.0 1.0 3.0
Return rate Minimum Average Maximum

0.0% 0.0% 12.0%

Cap Minimum Average Maximum
n/a n/a n/a

14 We translated all foreign currency amounts (USD: 13 ventures, GBP: 6 ventures and INR: 1 venture) 
into EUR at the prevailing exchange rate as of the most recent financing rounds. Note that currencies do not 
affect our empirical results since each venture is funded in just one currency.
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funding amount per venture (median approx. 44% ). According to the observations by Gor-
nall and Strebulaev (2020), a high funding share contained in the most recent financing 
round is likely to result in stronger ’overvaluation’.

We provide major descriptives on our sample in Table  1. As can be seen in panel A 
of Table 1, the number of investors and share classes vary considerably among ventures. 
While the average count of investors per venture amounts to 29 (median of 20)15, the aver-
age count of share classes per venture is 6 (median of 5). Looking at the amounts infused 
per investor and share class, we find a skewed distribution (average of EUR 0.7m; median 
of EUR 0.2m) where a few investors account for some outstanding investment amounts. 
Another insight on investors’ behavior is revealed when examining how often investors 
engage in the same venture. Across the sample, each investor is on average present in 1.7 
share classes (min: 1.0, max: 3.4). Relating the absolute numbers to the total number of 
share classes per venture, we observe that investors infuse, on average, capital in 36% of a 
venture’s outstanding share classes (min: 12% , max: 72% ). The relative investment amount 
of each investor in a venture lies at 24% of the total funding amount with a maximum of 
50% (median: 20% , min 5% ). Hence, the sample data shows that VC investors go for syndi-
cations of minority investments instead of sole or majority ownership.

Aside from sizing and slicing of financing rounds in general, investors are concerned 
with the respective pricing of these rounds, i.e., whether it is an up-round, flat-round or 
down-round (see Bengtsson and Sensoy 2015). We refer to a down-round as stated by Bar-
tlett (2003), p.23, that is "the issuance of securities [...] at a price that is below the price 
previously paid by the company’s investors". Up-rounds are defined vice versa while flat-
rounds refer to a stagnating but stable pricing level. 34.7% of our sample ventures include 
at least one down-round in their funding history. More specifically, there are 14 ventures 
with one down-round and three ventures with two of those in their funding history. On 
average, our collected down-rounds represent a decrease of 38.6% in prices compared to 
the previous round (median of 40.0%).

The elements of preferential claims vary significantly with respect to allocation mecha-
nism and seniority, but there are just two ventures in our sample that rely on participat-
ing or non-set-off rights. Considering allocations, we find that convertible-preferred and 
share class-based mechanisms dominate our sample while shareholder-based mechanisms 
are only present in around 20% of all ventures. With regard to seniority, we observe that 
seniority is neither guided by a pure pari-passu nor by a strict seniority mechanism but 
rather by a mixture of both. Notably, there is just very few variation within the preferential 
claim amount. On average, the preference multiple amounts to one and there are just a few 
financing agreements including a preference return rate. For none of our sample ventures a 
cap has been set for any of the share classes.

Note that we prescind from any other terms and provisions having an impact on the 
economic value of the venture or any share thereof. Further, all ventures are free of debt 
as has been checked in capitalization tables and available contracts. There are some other 
limitations to take note of: (1) A common feature of venture capital finance is the provi-
sion of so-called option pools. As we had no systematical access to the contracts of such 
programs, we assume those shares to be fully equivalent to common shares. (2) We also 
refrain from the existence of any deferred or forfeited shares, i.e., we assume the number of 
deferred shares at exit to be zero. (3) The vesting of the shares of founders is often an issue 

15 The maximum count of investors of 356 investors relates back to the fact, that we considered each inves-
tor separately. For the given venture, a significant count of employees were given direct shares in the com-
pany, which might otherwise be kept by a trust.
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in venture capital financial contracts. We abstract from this feature by assuming founders’ 
shares to be fully vested at exit.

5.2  Parameter setting: exit scenario, annual volatility and risk‑free rate

When implementing the model with respect to the sample, we have to make assumptions 
regarding the exit scenario, namely, the IPO probability �IPO and the time to exit T − t . We 
explicitly refrain from modeling these assumptions in order to show the impact of the vari-
ation in such later on and to allow for a closed-form solution.

Based on our sample and the average findings of Gornall and Strebulaev (2020) we 
assume the time to exit T − t = 4 years. In the US, the average time from a first VC invest-
ment to exit varied between 6.3 and 7.3 years in the time span from 2016 to 2020 (NVCA 
2021). Since we have a median of five share classes (see Table 1) in our sample, we can 
approximate an average of four VC investments for each of the ventures. With median 
times of 1.2 years between funding rounds (NVCA 2021), our assumption regarding T − t 
is backed by empirical findings.

Similarly, we set the IPO probability at a fixed rate of �IPO = 25% , which is in line with 
the results of a recent study by Gompers et al. (2016) indicating that about 75% of the ven-
ture capitalists exit their investment via an M &A transaction rather than an IPO.16

In addition to specifying the exit scenario, we have to make assumptions with respect 
to volatility and risk-free rate. We follow Leisen (2012) and Gornall and Strebulaev (2020) 
by applying an annual volatility of � = 90% based on the results provided by Cochrane 
(2005). Other researchers such as Ewens (2009) and Korteweg and Sorensen (2010), esti-
mated annual volatilities ranging from 88 to 130%. For the risk-free rate, we follow Gornall 
and Strebulaev (2020) and apply r = 2.5% p.a.. Apparently, at a time of rather low interest 
rates this rate lies at the upper end of a reasonable range. However, the impact on implied 
valuation discounts is negligible as an increase in the interest rate will yield monotonically 
higher implied equity values.

For all four input parameters, �IPO , T − t , � , and r, we provide sensitivity analyses in the 
Appendices D1 (venture level) and D2 (share level).

6  Model solving and empirical results

In determining the implied venture values by calibration to the last funding, we assume 
the most recent share class to be fairly priced. Thereupon, we backsolve the model for the 
implied venture value Vt numerically and determine the implied values of all single shares 
simultaneously.

16 In contrast to our fixed rate approach, Gornall and Strebulaev (2020) model the IPO probability based 
on actual exits observed in Dow Jones VentureSource where the applied IPO probability for each venture 
depends on the future value. However, extant research shows that IPO probabilities critically depend on 
legal environments, origins, and experience of investors as well as the level of information asymmetry (see 
e.g. Giot and Schwienbacher 2007; Félix et  al. 2014; Espenlaub et al. 2015). Literature provides a range 
regarding IPO-probabilities in which our assumption suits well: Cumming and Johan (2008) present a sam-
ple where IPOs have been chosen as an exit route in 14% of cases whereas Giot and Schwienbacher (2007) 
state IPO-probabilities between 26.3 and 35.1% differing due to stage, industry and investor characteristics. 
More recently, Espenlaub et al. (2015) reported IPO probabilities ranging from 8 to 19% depending on the 
venture’s location.
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On venture level, we compare implied venture values with post-money values and con-
sider differences as over- or undervaluation. More precisely, we refer to the percentage dif-
ference in relation to the post-money value as ’implied valuation discount’. Such implied 
valuation discounts are positive in overvaluation settings where the post-money value 
exceeds the implied venture value and negative in undervaluation settings. The methodol-
ogy is analogous to the one applied by Gornall and Strebulaev (2020). On share level, we 
are concerned with comparing the price of the most recent share class with the implied 
share values of previous classes, respectively, and with revealing individual discounts 
borne by those shares to show the relative skewness in value allocation.

As depicted in the table of Fig. 4, our model indicates a general overvaluation on ven-
ture level of 22.1% on average, ranging from 0.6% to 40.8% . While this result is well in 
line with the findings of Gornall and Strebulaev (2020), it also demands a closer look 

Fig. 4  Implied valuation discounts on a venture and share level. Notes: Analyses rest upon base parameter 
setting with �IPO = 25% , T − t = 4 , � = 90% , and r = 2.5% . Within the plot, we present the implied valu-
ation discounts on a venture level (horizontal axis) and respective implied valuation discounts on a share 
level (vertical axis). Within the table, we report statistics on the distribution of the implied valuation dis-
counts across all ventures. We also report statistics on the distribution of the implied valuation discounts 
across all shares per share class as well as implied valuation discounts across all ventures, where we aver-
aged implied valuation discounts for each venture. In case of the former, we also separated statistics for 
shares with and without preferential rights. For the plot, we exclude the calculated discounts for the most 
recent funding rounds, since they are equal to zero by assumption
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beyond venture level in order to understand the drivers of the high dispersion of discounts. 
Moreover, venture level results per se have rather limited implications for venture capital 
investments since they rarely constitute entire ventures. Instead, they usually hold minority 
stakes consisting of shareholdings in a single or in multiple share classes. Thus, they are 
rather concerned with discounts on their specific shareholdings.17

Diving down to share level, our analysis reveals a considerably broader distribution of 
implied valuation discounts ranging from a maximum discount of 56.8% to a maximum 
premium of 36.6% , where the average discount is 26.6%.18 These results indicate that the 
mispricing issue in general and identifying the driving forces behind is even more severe 
on the level that really bothers investors—the share level. We summarize our first observa-
tions as follows:

Fig. 5  Implied valuation discounts and relative pricing. Notes: Analyses rest upon base parameter setting 
with �IPO = 25% , T − t = 4 , � = 90% , and r = 2.5% . The plot depicts implied valuation discounts regarding 
relative pricing. Within the table, we report statistics on the distribution of the implied valuation discounts 
across all shares per share class (by the occurrence of a down-round) as well as simple fitted linear model 
results. n denotes the number of observations. Grey shaded areas within the plots describe standard error 
(SE) of the forecasts of the fitted linear models at a 5%-confidence level, i.e. � = .05

17 VC investments generally represent minority investments procured in syndicates of several investing par-
ties. As noted by Chernenko et al. (2017), Barber and Yasuda (2017) or Chakraborty and Ewens (2017), 
even large investors such as mutual funds usually do not invest in majority stakes, but rather hold shares in 
different share classes.
18 For the presentation of share level results, we aggregate the share values of each shareholding on a share 
class level by taking the weighted average of share values for the respective share class of each venture.
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Finding 1 Implied valuation discounts on share level are significant (avg. 26.6% ) and even 
higher than on venture level, indicating high skewness in the relative allocation of venture 
values. As the share level is the relevant valuation dimension for investors and as discounts 
are highly dispersed, ranging from 56.8% to −36.6% , drivers of the valuation discounts 
need to be identified.

We provide sensitivities with regard to the valuation assumptions in Table 4 in Appen-
dix D1 and Appendix D2.

A first decomposition of the results on share level shows that shares without preferential 
rights (mostly common shares) feature, on average, higher discounts ( 30.3% versus 25.6% ) 
at a lower interquartile range ( 24.8% − 35.1% versus 18.6% − 34.2% ). From this analysis, 
we derive another finding:

Finding 2 Shares without preferential rights carry a disproportionately high share of a 
venture’s general overvaluation. In turn, preferential rights entail some level of protection 
against value dilution but, on average, do not preserve full protection in relation to the price 
level of the most recent funding round. Common stocks without any preferential rights are 
primarily held by founders and employees pointing towards potential incentive issues.

In order to understand the driving forces behind the dispersion of discounts, we con-
duct several analyses. First, we assess the impact of differences in issue prices between 
shares from the most recent funding round and from all other rounds, respectively.19 We 
standardize relative pricing by dividing the issue price per share for each share class by the 
issue price per share of the most recent funding round of the respective venture. Figure 5 
shows the results and delivers support for a strong negative relationship, where lower rela-
tive prices trigger higher implied valuation discounts per share.

We conclude:

Finding 3 On average, implied valuation discounts per share grow with decreasing issue 
price when related to the most recent funding round of the respective venture. Thus, the 
further issue prices move upwards in new funding rounds the lower becomes the protection 
level provided by existing liquidation preferences. Moreover, it becomes clear that features 
increasing the amount of the preferential claim, e.g., multiples or returns, reduce implied 
valuation discounts.

Second, we identify and analyze share classes that have been exposed to down-rounds, 
where a funding round is denoted as such, if its underlying issue price is below the issue 
price of the previous funding round. In Fig. 5, we mark all share classes with at least one 
subsequent down-round with a + and find a similar negative relationship between relative 
pricing and implied valuation discount (see the regression table in Fig. 5). Moreover, the 
analysis shows that implied valuation premia only occur, if the most recent funding round 

19 Among shares entailing a preferential right, the share price is a fair proxy for the preferential claim 
amount as we observe rather few deviations from ordinary liquidation preferences with a multiple of one. 
We provide additional analysis on hypothetical features such as multiples and caps using comparative stat-
ics in Appendix E.
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has been a down-round, i.e., relative pricing exceeds 100% . In turn, it becomes also clear 
that even a most recent down-round is not safe protection against valuation discounts as we 
find share classes with relative pricing beyond 100% that still carry a discount. We formal-
ize this mixed finding as follows:

Finding 4 For share classes affected by down-rounds, the distribution of implied valuation 
discounts is more dispersed. In addition, if and only if a down-round occurred in the most 
recent funding round, the affected share classes may carry an implied valuation premium. 
However, even in such a setting share classes may be exposed to a discount as other more 

Fig. 6  Implied valuation discounts and seniority. Notes: Analyses rest upon base parameter setting with 
�IPO = 25% , T − t = 4 , � = 90% , and r = 2.5% . The plot depicts implied valuation discounts with respect to 
the relative pricing (upper plots) and relative seniority (lower plots) of preferential claims of the respective 
venture. Within the table, we report statistics on the distribution of the implied valuation discounts across 
all shares per share class as well as simple linear regression results. n denotes the number of observations. 
Grey shaded areas within the plots describe standard error (SE) of the forecasts of the fitted linear models 
at a 5%-confidence level, i.e. � = .05
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senior share classes, sitting in the premium area and originally issued in an up-round, skew 
the allocation in their direction based on high outstanding preferential claims.

Third, we assess the relation of investment and return more generally. As Fig. 5 depicts, 
the original issue price and the implied value will coincide for a relative pricing of 200% 
given that the implied valuation premium amounts to 100% . If the implied valuation pre-
mium is lower, the share class will be valued below its original issue price. The share class 
is protected from a relative perspective, but protection from an absolute perspective is 
incomplete since the current implied investment value is lower than the initial investment 
volume. We depict this inverse relation via the dotted line, where all share classes above 
or left to the dotted line can be regarded as positive return investments since their cur-
rent implied per share value lies above the original issue price. Vice versa, share classes 
below or right to the dotted line currently entails negative returns. The vast majority of 
share classes is valued above their issue price but lower than the most recent funding round 
(above dotted line but below horizontal axis). Regarding returns we can draw the following 
conclusion:

Finding 5 The total median return of VC investments with preferential claims preferred 
shares lies at 68.3% in our sample ( 25% and 75% quartile: 23.9% and 388% , respectively). 
While 93.2% of the examined share classes are not affected by a down-round range posi-
tive, 29.2% of down-round affected share classes carry negative returns. The total median 
return of down-round affected share classes is still 63.4% but with 25% and 75% quartiles 
ranging from −10.3% to 349% . Thus, down-rounds are significantly shaking up investment 
performance, not only by skewing them to the lower end but also by making them more 
widespread.

Another key characteristic of preferential claims is their allocation. In particular, we 
examine its seniority vis-a-vis other claims and allocations of exit proceeds. Within our 
model, we consider pari-passu, strict, and mixed seniority. In addition to the previous anal-
ysis, we plot implied valuation discounts (and premia) with respect to the prevailing sen-
iority scheme applicable in the venture. We further indicate the level of relative seniority. 
Similar to relative pricing, we form relative seniority by indexing the seniority of preferen-
tial claims in ascending order and dividing the seniority index of each claim by the highest 
seniority index per venture.

Within the plots and adjacent table of Fig. 6, we observe that average and median dis-
counts vary among groups, where discounts are smallest for shares of ventures with a pari-
passu seniority. Comparing the upper and lower plot, we observe the most considerable 
impact of relative pricing on implied valuation discount for pari-passu. These results can 
be explained by the claim structure: While all preferential claims are served in the same 
step under pari-passu, i.e., claims are ’pooled’, more senior claims are served before more 
junior claims under strict seniority, i.e., claims are ’stacked’. Thus, we observe the lowest 
impact of relative pricing on implied valuation discounts for such a setup. Even observa-
tions with relatively high pricing still carry noticeable implied valuation discounts as the 
most recent funding round always represents the highest level of relative seniority.

Surprisingly, we find somewhat higher average implied valuation discounts for shares of 
mixed seniority, although it represents a mix of pari-passu and strict seniority. One expla-
nation to this unanticipated observation can be, again, drawn from the occurrence of down-
rounds in the respective venture’s funding history as down-rounds are a well-known trigger 
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for a change in seniority terms. In fact, for 72% of all cases where a down-round occurred 
in the funding history of the venture, a mixed seniority approach applies. If there has not 
been a down-round, mixed seniority only occurs in 35% of such cases. Oftentimes, there 
is a change from a pari-passu to a mixed approach when earlier classes are served pari-
passu and more recent rounds are given seniority (see Bengtsson and Sensoy (2015)). With 
high preferential claims of existing share classes (due to their relatively high original issue 
price) anyways triggering higher discounts, a down-round in the most recent financing 
cycle implies even lower valuations of the remaining shares due to the low pricing. Inter-
estingly, we find that share classes that carry a premium do not only feature high relative 
pricing but are also of highest relative seniority, while those of high relative pricing but 
with low relative seniority carry considerable implied valuation discounts. This observa-
tion results in a further finding:

Finding 6 Implied valuation discounts on shares are significantly higher for ventures 
where the seniority of preferential claims is based on a ’stacking’-approach (strict seniority, 

Fig. 7  Implied valuation discounts and remainder allocation. Notes: Analyses rest upon base parameter set-
ting with �IPO = 25% , T − t = 4 , � = 90% , and r = 2.5% . Within the table, we report statistics on the dis-
tribution of the implied valuation discounts across all shares per share class. We also present share level 
and venture level results of share holder-based remainder allocation using share class-based allocation. The 
left-hand plot relates implied valuation discounts on a share level for shares of share holder-based remain-
der allocation (horizontal axis) to the implied valuation discounts based on the alternate allocation of share 
class-based allocation (vertical axis). The right hand plot depicts the difference between the original and 
alternate implied valuation discounts with respect to relative pricing and relative seniority
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average: 28.2% ) or mixed seniority (average: 29.8% ) in comparison to ventures where sen-
iority of claims is based on pari-passu (average: 15.9% ), where preferential claims are 
’pooled’. Thus, choosing the pari-passu mechanism triggers more balanced implied share 
values among share classes. Moreover, it becomes clear that low relative pricing alone does 
not result in higher implied valuation discounts. Instead, discounts critically depend on the 
seniority scheme and, for ’stacking’ approaches, on the relative seniority.

Another characteristic that shows a lot of variation across our sample is the remainder alloca-
tion. While conversion-based allocation (CPR) and share class-based allocation (SCB) are tech-
nically identical, shareholder-based allocation (SHB) differs as preferential claim amounts are 
offset among the shares of respective shareholders rather than just among shares of the same 
share class. Note that any differences in the results of CPR- and SCB-based ventures result from 
the underlying preferential claims and respective pricing. In order to observe any effect of SHB 
in comparison to SCB, an investor must hold at least two different share classes of the same ven-
ture with deviating preferential claim. In our sample, an investor holds on average shares from 
1.7 different share classes. While this seems low, it is important to note that the average increases 
to 2.9 for investors holding shares from more than one share class. For ventures applying SHB, 
the average is even higher at 3.3.

Allocation mechanisms have a significant impact on implied valuation discounts among 
share classes. Simply comparing average discounts delivers a first indication: SHB remain-
der allocation results in an average discount of 33.8% , while CPR and SCB arrive at 20.2% 
and 29.1% , respectively (see Fig.  7). However, it becomes apparent that the allocation 
mechanism may not be the only driver as we would expect identical results for CPR and 
SCB. Thus, we isolate allocation effects by recalculating the implied valuation discounts 
for CPR-related ventures using SCB and by repeating the procedure for SHB-related ven-
tures. As expected, we do not find any differences in results when applying SCB for CPR-
related ventures, but we can reveal important insights with the second analysis where SCB 
is applied to SHB-related ventures.20 The discounts are higher for SHB with an average of 
33.8% in comparison to 29.4% . Similar indication is given by the left-hand plot of Fig. 7 
where we compare implied valuation discounts for SHB-related ventures (x-axis) and the 
respective recalculated alternative discounts when SCB/CPR is applied (y-axis). All obser-
vations above the diagonal line indicate that SHB has led to higher discounts on share class 
level in comparison to SCB/CPR. The right-hand plot depicts the difference between recal-
culated as well as original discounts (y-axis), and it illustrates down-rounds as well as sen-
iority. Interestingly, we find that only down-round affected share classes bear the potential 
to flip the pattern, i.e., SHB results in lower discounts than SCB/CPR.

In addition, we analyze whether the allocation mechanism has a more general impact on 
the discount on venture level. In the last two lines of the table depicted in Fig. 7, we recal-
culate the discounts for all SHB-based ventures applying SCB/CPR and find that SHB also 
triggers increasing discounts on venture level as the average over the sample is 4.2%-pts 
( 27.4% versus 23.2% ) higher. Hence, we conclude:

20 The main reason for the existence of the two technically-identical mechanisms SCB and CPR lies in 
legal requirements. In many European ventures we find SCB as a conversion feature would require to 
legally distinguish share classes, which is not possible in many European countries. SCB can be easier 
implemented as this mechanism only requires ’virtual’ share classes defined in a shareholder agreement. In 
turn, CPR is often applied in US- or UK-based ventures where share classes can be legally separated.
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Finding 7 Allocation mechanisms only affect implied valuation discounts if investors hold 
shares from more than one share class with deviating preferential claims. In such scenarios, 
discounts are, on average, greatest under shareholder-based (SHB) remainder allocation—
both on share class and on venture level. Only in very rare settings involving down-rounds, 
results may flip. Thus, in general, SHB is most costly for very junior shareholders, e.g., 
founders and employees holding common stocks. Share class-based (SCB) allocation and 
conversion-based (CPR) allocation do not deviate in financial results as they are technically 
identical.

Overall, our univariate exploratory analysis shows that variations in contract struc-
tures or financing setups have a severe impact on the value of shares in a venture. Beyond 
existing literature, we reveal that the impact is not uniform for all shares in a venture but 
strongly depends on the respective relative share class level and the chosen preferential 
rights. We lay out the implications of our findings in the subsequent section.

7  Implications

Our framework delivers an approach that supports the explicit design of equity secu-
rities in follow-up rounds, restructuring, down-rounds or secondaries for all relevant 
stakeholders, i.e., founders or management, venture capital funds and also limited part-
ners investing in those funds. Based on our framework of preferential rights in venture 
capital (VC) finance, we present a structured valuation approach to assess the impact of 
variations in investment, exit proceeds and risk-return relationship on a shareholding 
level. Our model offers closed form solutions for numerous realistic, complex setups of 
VC investments. Thus, we provide a powerful tool for decision making regarding invest-
ment and exit in VC financing.

By applying our approach to a hand-collected sample of 49 mainly European ventures with 
407 financing rounds and 2,098 transactions, we can investigate the impact of preferential claims 
on venture level, share class level and on single shareholdings. The findings 1 to 7 from Sect. 6 
provide insights regarding overvaluation on venture level and on share classes while further 
explaining who carries most of the implied valuation discounts, which mechanisms lower or 
increase discounts on share class level, and how special events like down-rounds shake up the 
setting.

From these findings, we infer several implications for the venture capital ecosystem:

• From the perspective of founders and early-stage investors, it is important to reflect 
that they will inevitably be affected by subsequent share classes via preferential claims, 
skewing the relative value allocation. Thus, they should not bluntly exchange higher 
post money valuations if those come with higher preferential claims.

• Moreover, founders and early-stage investors should set initial terms that are more 
likely to result in lower discounts. Thus, they should stipulate a pari-passu basis of 
claims and an SCB/CPR remainder allocation.
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• In contrast, late-stage investors should opt for terms favouring them if they have the 
negotiation power to do so. For instance, they should try to transform pari-passu agree-
ments to strict seniority in order to secure their own preferential claim.

• While VC investors often focus on a specific venture development phase, they tend to invest 
in more than one share class. Thereby, they should consider the effects of new investments 
on their existing shareholding value. For example, SHB remainder allocation benefits serial 
investors thereby providing a strong incentive to participate in new rounds. In contrast, strict 
seniority or high preferential amounts of new shares may have adverse effects on existing 
shares, cannibalizing part of their value.

• Regarding the special event of down-rounds, we reveal that they do not result in negative 
performance for all existing share classes. Those with strong preferential claims (high claim 
amounts and strict seniority) may even benefit, but usually on the cost of junior claimants like 
founders and employees. Thus, it should be considered to adjust claims that are too strong 
downwards in such settings in order to keep founders and employees motivated and committed

Beyond strategic considerations, the model contributes to comply with regulatory reporting 
requirements which invoke the determination of appropriate fair value estimates, such as share-
based payments or net asset value reporting to a fund’s limited partners. In fact, international 
valuation guidelines such as International Private Equity Valuation (IPEV) guidelines 2018 and 
the International Valuation Standards (IVS) 2017 explicitly require consideration of security-
immanent rights that affect the value of such securities.

Clearly, our results are bound by certain limitations that provide avenues for further 
research. We assume all option shares to be equivalent to common shares and we prescind 
from integrating other rights such as anti-dilution or redemption provisions. Similarly, 
an extension of the modeling framework with regard to more debt-like securities such as 
convertible loans or simple agreements for future equity (’SAFE’) is desirable, since they 
provide a typical instrument in venture finance. Extensions of the model in this respect 
may provide even more accurate discount estimates on share class level but come with 
additional complexity. Since the extent of the economic impact is considerably affected by 
the underlying assumptions regarding the exit scenario as well as annual volatility and risk-
free rate, robust estimation will provide more accurate estimates. For the same reason, the 
model could be extended technically by integrating uncertainty of time to exit or modeling 
IPO probability as a stochastic process in order to endogenize these key indicators of the 
assumption set. Apart from extensions of the model, further empirical research is desir-
able since extant research is currently limited to large US ventures and existing samples 
are rather small so that the applicability of multivariate analyses is limited. Such analyses 
could validate findings of the theoretical model, help in calibrating key assumptions, and 
may support the creation of approximation functions to estimate valuation discounts if not 
all relevant information is available.
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Table 2  Literature considering preferential claims to assess venture and investment value and related effects

Liq. Pref. notes the basic liquidation preference, Multiple refers to the multiple applied to the basic liqui-
dation preference amount, Div./ret. notes (accruing and/or compounding) dividends or return rates which 
apply to the basic liquidation preference amount, Seniority relates to the stacking order of liquidation pref-
erences, Cap refers to a limitation in the total claim level of the share, Participation refers to the feature 
of shares participating in remaining exit proceeds without conversion or any set-off of preferential claims, 
Set-off refers to the usual catch-up of junior shares that resembles conversion features (by offsetting prefer-
ential claims of preferred shares against any remaining allocation of proceeds) e.g., when conversion is not 
allowed for due to legislative issues, Cond. exit reflects the contingency of exit-scenarios i.e., the potentially 
different payoffs in different exit scenarios (IPO or trade sale), IPO thres. refers to automatic IPO conver-
sion exemptions, which generally prevent conversion of preferred shares in case of an IPO unless the IPO 
fulfills specific requirements, and, IPO ratchets, which note the right of receiving additional shares in an 
IPO whenever the exit proceeds are below a specific threshold, we give a more detailed description of dif-
ferent characteristics of preferential claims covered in our approach in Sect. 3; 1 Venture size is measured 
in terms of post-money valuation, 2 Period is based on the incorporation date of the ventures within the 
sample.

Author Arcot (2014) Leisen (2012b) Metrick and 
Yasuda (2011)

Gornall and Strebu-
laev (2019)

Cossin et al. 
(2002)

In this paper

Preferential claim features
Liq. pref. x x x x x x
Multiple x x x x
Div./ret. x x x x x x
Seniority x x x x x x
Cap x x x
Partici-

pation
x x x x x

Conver-
sion

x x x x x

Set-off x
Cond. 

exit
x x x

IPO 
thres.

x

Type Hypothetical 
example

Hypothetical 
example

Hypothetical 
example

Empirical 
sample

Hypothetical 
example

Empirical 
sample

Application
Sample size n/a n/a n/a 135 n/a 49

Venture size1 n/a n/a n/a >USD1bn n/a EUR2.5m-4.3bn

Period2 n/a n/a n/a 1994-2017 n/a 2003-2017

Geography n/a n/a n/a US n/a Global
Data source n/a n/a n/a Certificates of 

incorporation
n/a Proprietary VC 

data
Data provider n/a n/a n/a VCExperts n/a European VCs
Level of analysis
Venture x x
Share class x x x x x

A Appendix: Literature review

See Table 2.
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B Appendix: Notations

See Table 3.

Table 3  Notation index

Input parameters and indices

� Iindicator function n Number of investors t Time
h Level of seniority � Lowest level of seniority T Time of exit
i Index of share classes �IPO Probability of IPO exit � Time of investment
Invj Investor j �M&A Probability of M &A exit u Time span of preference return
j Index of investors r Risk-free rate p.a. w Highest proceed step
k Index of proceed steps SCi Share class i
m Number of share classes � Annual volatility of Vt

Model variables
capi,j Preference cap of investor j in share class i at exit T
hi,j Seniority index for investor j in share class i
� Matrix containing each seniority index hi,j
mi,j Preference multiple on a shareholding
pi,j Price of a shareholding at time of investment �
� Matrix of prices of shareholdings at time of investment
pci,j,T Preferential claim of investor j in share class i at exit T
��T Matrix of all preferential claims pci,j,T at exit T
pti,j,T Total (uncapped) claim of investor j in share class i at exit T

pt
cap

i,j,T
Total (capped) claim of investor j in share class i at exit T

rai,j,T Remainder allocation share of investor j in share class i at exit T
rri,j Preference return on ashareholding
si,j,t Shareholding of investor j in share class i at time t
�t Matrix of all shareholdings of a venture at time t

�
��,�,%

�
Percentage share for all shareholdings regarding PSpc,h

T
 at time t

xi,j,T Set-off indicator of investor j in share class i at exit T
yi,j,T Preference participation indicator of investor j in share class i at exit T
Stochastic calculus and option pricing
BP Break point of claims
Ct Call option price, i.e., value of a claim, at time t
KT Strike price at exit T
PS Proceed step

PS
pc,h

T
Cumulative amount of preferential claims on the h-th seniority level

Vt Stochastic venture value in t
VBPt Matrix of break point values at time t
VIPOt Matrix of share values per shareholding in an IPO scenario at time t
VPCt Matrix of preferential claim values per shareholding at time t
VPSt Matrix of proceed step values at time t
VRAt Matrix of remainder allocation values per shareholding at time t
VTCt Matrix of total claim values per shareholding at time t
VPCt Matrix of preferential claim values per shareholding at time t
VSt Matrix of share values per shareholding at time t
VTCt Matrix of total claim values per shareholding at time t
Z Standard normal distributed random variable
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C Appendix: Valuation results

See Fig. 8. 

Fig. 8  Histogram of implied valuation discounts. Notes: Analyses rest upon base parameter setting with 
�IPO = 25% , T − t = 4 , � = 90% , and r = 2.5% . On the left plot, we present the implied venture values in 
terms of an implied valuation ’discount’ i.e., implied venture value divided by the post-money value less 
one. Ventures are deemed to be overvalued, whenever the implied venture values are less than the imposed 
post-money valuation i.e., when the ratio implied venture value vs. post-money valuation is less than 100% 
or the implied valuation discount is negative. Within the table, we report statistics on the distribution of 
the implied valuation discounts across all ventures. The right plot depicts the histogram of implied valu-
ation discounts for each share across all ventures. Implied valuation discount is calculated as the implied 
share value divided by venture values in terms of an implied valuation ’discount’ i.e., implied venture value 
divided by the post-money value less one. Within the table, we report statistics on the distribution of the 
implied valuation discounts across all shares per share class as well as implied valuation discounts across 
all ventures, where we averaged implied valuation discounts for each venture. For the plot, we exclude the 
calculated discounts for the most recent funding rounds, since they are equal to zero by assumption
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D Appendix: Sensitivities valuation results

D.1 Appendix: Sensitivities venture level results

See Table 4.

Table 4  Sensitivities of implied valuation discounts of venture values

Within the table, we report statistics on the distribution of the implied valuation discounts across all ven-
tures. Values-based on the basic parameter setting are highlighted in bold

Implied valuation discount

Minimum 25%-Quantil Median Mean 75%-Quantil Maximum

IPO-probability �IPO , %
5.00% 51.28% 34.17% 26.67% 27.78% 22.12% 0.74%

12.50% 47.41% 31.86% 24.59% 25.64% 20.33% 0.68%

25.00% 40.80% 27.41% 21.11% 22.05% 17.35% 0.58%
50.00% 27.24% 18.21% 14.09% 14.77% 11.51% 0.39%

75.00% 13.82% 9.05% 7.04% 7.40% 5.76% 0.19%

Time to exit T − t , years
2 49.28% 33.39% 27.31% 27.95% 22.82% 0.51%

3 44.56% 30.57% 24.05% 24.96% 19.84% 0.59%

4 40.80% 27.41% 21.11% 22.05% 17.35% 0.58%
8 26.83% 15.85% 12.43% 13.22% 10.20% 0.39%

12 16.98% 9.27% 7.35% 7.91% 5.96% 0.24%

Annual volatility � , %
60.00% 50.13% 30.97% 26.18% 26.48% 21.81% 0.34%

75.00% 43.80% 30.11% 23.97% 24.79% 19.81% 0.54%

90.00% 40.80% 27.41% 21.11% 22.05% 17.35% 0.58%
105.00% 36.45% 23.11% 17.99% 18.92% 14.90% 0.54%

120.00% 31.48% 18.73% 14.88% 15.75% 12.25% 0.47%

Risk-free rate r, %
−1.25% 46.86% 30.30% 24.30% 25.25% 20.34% 0.74%

0.00% 44.80% 29.48% 23.21% 24.16% 19.42% 0.69%

1.25% 42.78% 28.67% 22.15% 23.09% 18.37% 0.63%

2.50% 40.80% 27.41% 21.11% 22.05% 17.35% 0.58%
5.00% 36.98% 24.69% 19.13% −0.05% 15.64% 0.49%
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D.2 Appendix: Sensitivities share level results

See Table 5.

Table 5  Sensitivities of implied valuation discounts of share values per share class

Within the table, we report statistics on the distribution of the implied valuation discounts across all shares 
per share class. Values-based on the basic parameter setting are highlighted in bold

Implied valuation discount

Minimum 25%-Quantil Median Mean 75%-Quantil Maximum

IPO-probability �IPO , %
5.00% 67.75% 43.62% 33.54% 33.67% 26.98% −45.94%

12.50% 63.82% 40.48% 30.90% 31.09% 24.89% −42.46%

25.00% 56.75% 34.40% 26.55% 26.73% 21.32% −36.60%
50.00% 40.62% 23.14% 17.78% 17.89% 14.27% −24.66%

75.00% 21.71% 11.53% 8.90% 8.96% 7.14% −12.44%

Time to exit T − t , years
2 75.72% 43.98% 34.30% 33.50% 27.15% −52.76%

3 65.61% 39.19% 30.38% 30.11% 24.50% −43.56%

4 56.75% 34.40% 26.55% 26.73% 21.32% -36.60%
8 32.10% 21.77% 16.03% 16.24% 12.51% −19.69%

12 19.91% 13.14% 9.57% 9.80% 7.23% −11.15%

Annual volatility � , %
60.00% 77.02% 41.69% 32.25% 31.65% 26.07% −52.43%

75.00% 67.06% 38.93% 30.12% 29.86% 24.49% −44.20%

90.00 56.75% 34.40% 26.55% 26.73% 21.32% − 36.60\%
105.00% 46.83% 30.19% 22.87% 23.07% 18.23% −29.75%

120.00% 37.73% 25.79% 19.08% 19.30% 15.04% −23.72%

Risk-free rate r, %
−1.25% 60.07% 40.06% 30.67% 30.64% 24.50% −41.01%

0.00% 58.98% 38.08% 29.24% 29.31% 23.43% −39.52%

1.25% 57.87% 36.47% 27.84% 28.00% 22.30% −38.05%

2.50 56.75% 34.40% 26.55% 26.73% 21.32% -36.60%
5.00% 54.45% 31.59% 24.14% 24.29% 19.45% −33.80%
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E Appendix: Hypothetical features in comparative statics

See Fig. 9.

Fig. 9  Implied valuation discounts on a share level—comparative statics for hypothetical features.Notes: 
Within the plot, we present the results for the implied valuation discounts on a share level recalculating 
the original sample changing respective features ceteris paribus. We plot the original implied valuation dis-
counts on the horizontal axis and the recalculated implied valuation discounts on the vertical axis. Within 
the upper left plot, we recalculated the implied valuation discounts assuming all preferred shares except for 
the most recent share class featuring a multiple of two. The results indicate, that the scaling is dispropor-
tionate: While shares of premia or low discounts feature even higher premia or lower discounts, some of 
the more mediocre or high discount shares show only slight decreases of their discounts or even an increase 
in their implied valuation discount. Within the upper right plot, we assumed the most recent share class to 
feature a multiple of two. Less surprising, a higher multiple for the most recent share results in a higher 
implied valuation discount (or lower premia). For the bottom left plot, we assumed a cap to apply for all 
preferred shares except for the most recent share class. According to the results, the cap does not have 
much of an effect on implied valuation discounts. Some very few observations show some increase in their 
implied valuation discount. This relates to the fact that such shares feature a participation feature. Since 
their participation is now capped, their relative value decreases. Within the bottom right plot, we recalcu-
lated the implied valuation discounts assuming that a cap applies for the most recent share class only. Simi-
lar to the results in the plot to the left, there are rather few changes. In fact, observable changes relate to the 
same ventures. Opposed to the specification on the left plot, more share classes benefit from the cap of the 
most recent share class since a higher remainder amount is available for allocation
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