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Abstract: Venture capital investments play an important role in the development and growth of 
start-up companies that are characterized by a high degree of uncertainty and growth potential, 
and venture capital is also one of the major sources of financing for entrepreneurial businesses. 
In the case of venture capital investment, staging has a huge potential, so the venture capitalists 
keep the right to participate in further financing rounds. The real option approach as an evalua-
tion method provides an opportunity to evaluate this kind of investment with the help of flexibility 
in the case of a high degree of uncertainty. The paper puts the emphasis on the evaluation and 
the effectiveness of venture capital investments primarily from the aspect of real option theory 
tested on Hungarian venture capital cases. The paper concludes that the option-based valuation 
methods are more suitable for evaluating venture capital investments than others, especially the 
discounted cash flow method.
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1. INTRODUCTION

This study attempts to analyze the valuation of venture capital investments and to explore links 
to real option theory. Venture capital is one possible form of private equity financing (Landström, 
2007; Metrick-Yasuda, 2011) and a significant financial source for innovative and high-risk start-
ups (Cassar, 2004; Ko et al., 2011) or from another aspect for high-tech, new or young SMEs (Cho-
tigeat et al., 1997; Gompers-Lerner, 1999). In the case of venture capital, the investor appears as a 
financial intermediary of a non-financial corporation (Maula, 2007), the primary reward available 
to the investor are the capital gains (Lorenz, 1989). Moreover, venture capital investment is not 
limited to ensure financial sources, but venture capital investors are also involved in running and 
managing the businesses. According to Karsai (2006), venture capital investors aim to promote 
business growth and value creation through capital provided by a multi-year special investment 
arrangement (incentives, advice, networking, and knowledge). Gompers and Lerner (1999), Steier 
and Greenwood (1995) have also argued that venture capital investors can provide young firms 
not only with money but also with other added value, which is expressed in the form of a strategic 
and supportive role and social network. (Bygrave-Timmons, 1992).

The venture capitalist’s investment activity is described as a five-step sequential, systematic pro-
cess according to Tyebjee-Bruno (1984), which includes investment origination, screening, valu-
ation, structuring, and post-investment phases. Fried-Hisrich (1994) described this process in six 
stages, distinguishing two filtering and evaluation phases instead of structuring. It is important 
to emphasize that the investment can be rejected at any stage in the case of both process models. 
In the approach of Tyebjee-Bruno (1984), the venture capitalists first recognize an investment 
opportunity, and in the second step, filter potential investments, focusing primarily on those that 
belong to their field in terms of technology, product and market. According to Gompers (1995), 
venture capitalists review the business plan of their young venture at this stage. In the third evalu-
ation phase, future returns and risks are estimated based on financial and accounting information 
(Wright-Robbie, 1996), and other qualitative and relevant information. The fourth stage occurs 
when the valuation has led to a positive outcome and venture capital investors begin the process 
of negotiating with the potential entrepreneur regarding the amount invested, its form, and price, 
and then the contract is concluded. The final phase is the post-investment activity, which is a 
formal representation of the company owner and coordination with the company management. In 
the final stage, venture capitalists help entrepreneurs find exit opportunities through acquisitions, 
mergers or exchanges and IPO (Lee, 2018)

The study is focusing on the valuation of venture capital investments, which is also an essen-
tial and critical part of the entire venture capital investment operating process. The assessment 
of venture capital investments can be divided into qualitative and quantitative approaches. In a 
qualitative approach to evaluating venture capital investment, Tyebjee-Bruno (1984) considers 
management as the most critical factor, that is followed by market growth, while Ray (1991) ex-
amines the entrepreneur’s personality and experience. Kaplan-Stromberg (2000) complements 
Tyebjee-Bruno ‘s (1984) approach with corporate strategy, as well as technical competitiveness. 
Besides, Fried and Hisrich (1994) emphasize the viability of the project, the unity of the manage-
ment team, business performance and leadership capabilities, and the likelihood of an easy exit 
to obtain high returns.

From a quantitative point of view, the valuation procedures that are used for the assessment of 
venture capital investments come to the front. Wright et al. (2004) consider the used valuation 
procedures and the related information that is available to venture capital companies crucial. The 
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traditional venture capital valuation process involves analyzing future cash flows, stock prices and 
stock market performance of comparable companies, and calculating P/E (Price-to-Earnings) or 
P/S (Price-to-Sales) ratios (Seppä-Laamanen, 2001). According to Karsai et al. (1998), discounted 
cash flow (DCF) based procedures may raise valuation problems in uncertain environments. DCF 
methods can only handle the value determination process in a deterministic way (Takács, 2014).

When a venture capitalist invests in a sustainable and profitable company, their investment creates 
value for investors, entrepreneurs, and society too (Rosenbusch et al., 2013). High growth poten-
tial and the high variance potential of enterprises can be seen as drivers of economic growth by 
promoting and sustaining economic growth and renewal as a fundamental value generator and as 
a catalyst for new industrial development (Bygrave-Timmons, 1992). The venture capital financ-
ing process is continuously influenced by idiosyncratic uncertainties (Davis et al., 2004; Li, 2008; 
Pennings-Lint, 1997; Wang-Zhou, 2004).

Venture capital investment is, therefore, characterized by a high degree of uncertainty and, ac-
cording to Seppä and Laamanen (2001), can be divided into options. Risk and uncertainty make 
it difficult for venture capitalists to identify innovative startups’ sustainable and profitable in-
vestment opportunities (Gerasymenko-Arthurs, 2014; Lukas et al., 2016). The entrepreneurial, 
market, and economic uncertainty can influence venture capitalists to become risk-averse to in-
novative startups (Smith-Cordina, 2014). Option theory can provide an answer to the valuation 
challenges of venture capital investments with high growth potential and uncertainty. This study 
seeks answers to research questions on whether and how the real-option theory provides an ap-
propriate framework for evaluating venture capital investment.

2. LITERATURE REVIEW OF REAL OPTIONS AND VENTURE CAPITAL

A real option is „an investment in physical assets, human resources, and organizational capa-
bilities that respond to future potential events” (Kogut-Kulatilaka 2001, p. 3). The real options 
are similar to financial options because these give also a right but not obligation to buy or sell the 
underlying asset for a prescribed price at a predetermined time (Copeland-Antikarov, 2001). In 
the real option approach, uncertainty has value due to the ability of managers to actively manage 
uncertain projects (Boyer et al., 2003; Herder et al., 2011), that is, to incorporate flexibility into 
the managerial toolbox.

According to Hommel-Pritsch (1999) and Pritsch (2000), the real option theory can be interpreted 
on two levels, which also appears in their real option management model, that it manifests itself 
as a tool or qualitative evaluation method of the option. Triantis-Borison (2001) has a similar idea 
since they believe that the use of real options can be divided into three groups, such as the way 
of thinking, the analytical tool, and the organizational process. In the first case, it is primarily 
viewed as a language that qualitatively frames decision-making problems. In the second case, the 
real option valuation procedures are used to evaluate projects, and the third option is the organi-
zational process, in which it plays a role as a management tool that defines and exploits strategic 
options as part of a broader process.

Real option types provide a framework for analyzing real options, which help to operationalize 
and support decision thinking. Trigeorgis (1996) differentiated the option to defer, option to re-
ject, option to alter (expand or shutdown), option to switch, growth option, and compound real 
options. The value of the option to defer is derived from providing the company with the ability 
to shift the investment decision over time to obtain new information that may remedy or reduce 
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existing uncertainty (Rózsa, 2004). The option to reject is the abandonment of all or part of the 
project and the permanent liquidation of the investment if the market situation turns unfavorable. 
According to Huang-Chou (2006), the real option of dropping an investment project is being 
protected against future operating losses. Option to switch (shutdown and restart options) allow 
market management to decide to stop production in adverse market conditions but do not rule out 
the possibility of a restart (Csapi, 2018). Option to alter includes two options, including the option 
to expand and option to contract that can be used in the event of a permanent and significant 
improvement or deterioration in market conditions. Growth options are similar to the option to 
expand, but the difference lies in their place within the corporate strategy. Growth options pro-
vide project-wide flexibility, while expansion and staging options appear as project-wide options. 
In the case of staging (time-to-build) option, project managers can split investment projects into 
phases and then transfer the experience from the earlier periods to the later phases. Each stage 
of the project is evaluated, and management can decide whether to continue or reject the project 
(Scialdone, 2007). 

For large investment projects, staging provides management the right to design the following pro-
ject phases, depending on how uncertain future revenues and costs from project development may 
be. The project is implemented in phases, thus eliminating the technical uncertainty as well as the 
uncertainty of demand for products or services included in the project (Adetunji-Owolabi, 2016). 
The option price or premium, in the form of first-stage development costs, gives the right to incur 
development costs in the next stage. The strike price is the development cost of the subsequent 
phases, while the expiration date is the time at which the staging option is incorporated into the 
project and the date of the call of the staging option. Staging options are valuable for infrastruc-
ture projects (ports, power plants, water utilities, telecommunications, etc.) and R&D in intensive 
industries, such as the pharmaceutical industry, biotechnology, and venture capital investment 
(Majd-Pindyck, 1987; Trigeorgis, 1993; Rodrigues-Armada, 2007). The last type of real option, 
the compounded real option, involves the real options described above, and their combination. 
Sahlman (1993) identified three types of options from the foregoing that are inherent in venture 
capital investment, such as the option to reject, the project revaluation option (staging option), and 
the capital increase option (growth option).

Venture capital investments are characterized by a high degree of uncertainty and risk, which 
can also be traced back to the provision of financing to innovative, early-stage companies. Real 
option theory offers a way to address this by providing venture capital investors with professional 
experience through their active role in decision-making (Carvalho et al., 2005). Venture capital 
projects are characterized by significant market uncertainty (Bygrave et al., 1989). However, these 
uncertainties allow venture capital investors to postpone or delay their investments, i.e. to apply 
real option logic (Trigeorgis, 1996).

Determining how to make a successful decision in a venture capital project is a complex invest-
ment problem that also arises from the characteristics of funded companies (Miltersen-Schwartz, 
2002). Venture capital projects are sequential investment decisions in which the venture capital 
investor has to decide whether to continue investing in the project or not (exit) (Sahlman, 1990; 
Gompers, 1995; Gompers-Lerner, 1999, Dahiya-Ray, 2010). According to Landier (2002), stag-
ing is one way to protect an investor from risk when entrepreneurs have an exit option. Sahlman 
(1990) notes that regular venture capital staging is the most effective control mechanism for ven-
ture capitalists as it provides periodic reassessment. Bergemann and Hege (2005) show that the 
duration of funding, but not necessarily its extent, increases in later stages. Early-stage companies 
require periodic investments, which can be considered as a multi-phase (compounded) call option. 
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The stages of venture capital investment, according to Cumming-MacIntosh (2001), are seed, 
startup, early-stage, expansion, acquisition, and turnaround, while Gong et al. (2006) investigate 
the seed, start-up, growth, expansion, bridging, and listing (exit) stages. Investments along these 
stages can be examined and real options can be identified. Venture capital investors have the right 
to choose the time and phase of the investment, i.e. they have a (call) timing (deferral), growth and 
staging option that allows the investment to be shifted over time. In addition, based on the infor-
mation available, they have the right to suspend the project, which is a real option to reject (put 
option). Staged financing also provides real options for rejecting the project, which reduces the 
principal-agent problem too (Hsu, 2002; Hege et al., 2009). The higher frequency of milestones 
and funding rounds should result in a more practical application of disclaimers and, consequently, 
lower agency costs and better investment performance (Gompers, 1995).

3. METHODOLOGY

In general, the choice of the appropriate valuation method requires consideration of its conditions 
of application, which, in the case of real option theory, result from the examination of uncertainty, 
flexibility, reversibility, and exclusivity. When evaluating strategic investments with high levels 
of uncertainty, the use of the DCF method may result in limited or misleading values (Adler, 
2000; Park-Herath, 2000; Yeo-Qiu, 2003; Pless et al., 2016). The combination of the four charac-
teristics results in a better result for strategic investment valuation than the real option method-
ology, where the word better is generally meant to identify an adequate degree of value creation. 
Each evaluation process has both advantages and disadvantages, so it is essential to choose the 
method that best supports decision-making for the project.

Real option valuation procedures fall into two major analytical and numerical categories (Schulm-
erich, 2010). Analytical methods include closed-form models and approximation methods. Closed-
form models use formulas to value an option, thus simplifying the procedure (Adetunji-Owolabi, 
2016), but the relationship between the valuation parameters needs to be examined (Hartmann, 
2006). Analytical methods include the Black-Scholes model, which is widely used to evaluate real 
options. Numerical methods lead to solutions through the underlying stochastic process or partial 
differential equations. Frequently used methods for estimating stochastic processes are Monte 
Carlo simulations, binomial pricing models, and decision trees.

Willner (1995) was one of the first to model the value of startup companies, concluding that many 
startup companies have the characteristics of a growth option. Jägle (1999) proposes binomial 
pricing for the evaluation of sequential processes, and Smith-McCardle (1998) also emphasizes 
that decision trees are most capable of displaying the flexibility of decision making.

3.1. Black-Scholes model

The Black-Scholes model was a breakthrough in economics, being the first one-period model 
to price European options. The model is deterministic, and it does not assume the presence of 
stochastic elements in the variability of volatility, that is, it assumes constant volatility of returns 
over a short period. There are some conditions for applying the Black-Scholes model that makes 
it challenging to apply in practice.

The model gives the value of a European call option:

 (1)
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 (2)

 (3)

where c is the current value of the call option, S is the current price of the stock (underlying asset), 
N(di) is the probability that the value of a randomly selected number from a set of normally dis-
tributed numbers is less than di, C is the strike price of the option, r is the risk-free interest rate, T is 
the maturity of the option and σ2 is the variance of stock (underlying asset)’s yield (Rózsa, 2007).

The similarities have already mentioned between financial options and real options. The financial 
option parameters described by Black and Scholes (1973) correspond to the factors of the real 
option theory, first summarized by Luehrman (1998), and the analogy between these two option 
theories is shown in Table 1.

Table 1. The analogy between financial and real options 
Source: Own construction according to Luehrman (1998)

Financial option Variable Real option
Stock price S Present value of project’s operating assets to be acquired
Strike rice X Expenditure required to acquire the project assets
Time to expiration t Length of time the decision may be deferred
Variance of returns on stock σ Riskiness of project assets
Risk-free rate r Time value of money

3.2. Binomial Pricing Model

Cox, Ross, and Rubinstein (1979) introduced the binomial pricing model as a numerical approx-
imation method that became widely used in European and American-type option valuation. To 
determine the value of options with the binomial option pricing model actually means a process of 
solving a decision tree (Brealey-Myers, 2005), and that estimates the value of an option at time t=0.

This paper is focusing on how to construct a lattice for a European call option. The binomial 
tree uses a discrete-time framework. Aligning the branches of the tree, we count backward from 
the future appointment, while considering the optimal procedure at each decision nodes (Brea-
ley-Myers, 2005). 

Figure 1: Two-step binomial tree 
Source: own construction
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At the final node of the decision tree, the option value is equal to the intrinsic value, so in the case 
of a call option c = max [S – X; 0]. The life of the option (T) is divided into Δt discrete periods, and 
the price of the underlying asset (S) can make a single move, either up or down. These movements 
are given by u and d multiplicative parameters (u>1; d<1). The probability of an upward movement 
is denoted by p and the one-period risk-free rate is nominated by r parameter (Breen, 1991). Figure 
1 illustrates a two-step binomial tree where 

 (4)

 (5)

If the value of the underlying asset grows to Su, the call option value is cu, and when the underlying 
asset value decreases to Sd, the call option value changes to cd. When we constructed the binomial 
tree of the underlying asset and the option value, we have two opportunities to calculate the option 
value: with the replicating portfolio and risk-neutral probability pricing.

Copeland-Antikarov (2001) assumed that the project value without option is the best unbiased 
estimation of the project’s market value, and it serves as an underlying asset within the replicating 
portfolio, which means that markets are complete with option extended projects. In the case of the 
replicating portfolio, a synthetic option is constructed from the option and a bond. The underlying 
assets values replicate the payoff of the call option, that is called the hedge ratio (Δ or option delta) 
that is calculated with the following formula:

 (6)

In addition to this, the investor needs to put in his portfolio Δ number of underlying assets, and B 
invested in a risk-free bond that pays interest r (1+rf).

 (7)

The portfolio values replicate the value of the project. The present value of the call option is equal 
to c = ∆ × S + B and in the next period on the upside with p probability, the call option value is 
equal to ∆ × Su + r × B and on the downside with (1 − p) probability cd = ∆ × Sd + r × B. With the 
help of ∆ and B parameters, the value of the call option can be determined. The assumption of no 
arbitrage situation leads to the risk-neutral valuation. In this case, 

 (8)

where

 (9)

After the calculation of probability, the call option value can be determined by the following 
equation:

 (10)
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4. ANALYSIS AND RESULTS

The real option theory can be interpreted not only in theory but also in practice, which has been il-
lustrated through a case study. Every semester, the Simonyi Business and Economic Development 
Center of the Faculty of Economics of the University of Pécs announces the “5LET OUTLET” 
idea competition, which is open to university citizens with their business ideas, and then market-
able projects can be included in the Simonyi Incubation Program. In February 2017, an applica-
tion-based business idea focused on networking and getting to know applied for the competition. 
The potential and scalability of the idea, as well as the personality and dedication of the idea host 
convinced the jury and the project could enter the business incubation program. During the 14-
week program the idea owner developed a business idea and business model with the help of a 
student team and a mentor. In this phase, growth opportunities led the idea creator to shape the 
concept, while uncertainties (technology, market, region-specific) about the project also presented 
themselves. During mentoring and counseling, they sought answers to address the uncertainties, 
for which the idea host conducted environmental, market and industry analysis with the brain-
storming team. The team played a significant role in the idea formation and progress during the 
incubation process. In the incubation program, the idea host had to invest the time, energy, and 
private capital needed to develop the idea to achieve development and growth. In order to obtain 
a source of funding, the business idea had to reach a stage that would convince capital providers 
that the concept had a viable and promising future. For development, it became clear that capital 
involvement was needed but thanks to the brainstorming opportunity the solution was found 
through the incubation program. The company was founded in February 2018, and after the via-
bility of the project had been examined by a venture capital investor, the company first received a 
venture capital investment of 9,000,000 HUF, and a year later, another sum of 30,000,000 HUF. In 
this case study, a venture capital investment of 39,000,000 HUF is valued. Venture capital invest-
ment is thus a two-tier investment that can be interpreted as a compounded call option. However, 
the growth plans of the company are surrounded by considerable uncertainty the project carries 
the potential for postponement and staging, which means with enough managerial flexibility, the 
plans can be feasible.

At first, venture capital investment was evaluated using the traditional DCF method. The Free 
Cash Flow to Firm (FCFF) value is 65,951,000 HUF (assuming a 10% cost of capital), which can 
be used to calculate the value of the company by taking into account two stages of venture capital 
investment (39,000,000 HUF), so in this case, it is 26,951,000 HUF.

Table 2. Input parameters of the real option valuation 
Source: own construction

Input parameters Variable Values
Underlying asset value (PV(FCFF)) S 65,951,000 HUF
Exercise Price (venture capital 
investment) X 39,000,000 HUF (X1=9,000,000 HUF,

X2=30,000,000 HUF)
Time to expiration t 1.5 year
Volatility σ 64.46%
Risk-free interest rate r 2.5%

According to the parameters of Table 2, the call option value with Black-Scholes model is 
33,641,000 HUF that shows the embedded flexibility in the model that is equal to the difference 
between the call option value and FCFF value, so 6,690,000 HUF.
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The other frequently used real option evaluation method is the binomial pricing model that was 
also calculated in the case of the venture capital investment. The calculated parameters of the 
model can be seen in Table 3.

Table 3. Calculated parameters of the binomial pricing model 
Source: own construction

Parameters Variables Values
Number of periods Δt 0.25
Upside parameter u 1.38
Downside parameter d 0.72
Risk-neutral probability q 0.46

With the help of the input and the calculated parameters, the underlying asset values and the call 
option values were computed, then the two binomial trees were drawn (Figure 2 and 3). The first 
value in Figure 3 is the call option value that is equal to 32,837,370 HUF.

456 099,98 
330 435,69 

239 394,31 239 394,31 
173 436,59 173 436,59 

125 651,48 125 651,48 125 651,48 
91 032,09  91 032,09  91 032,09 

SS=65 951  65 951,00  65 951,00  65 951,00 
47 780,23  47 780,23  47 780,23 

 34 615,86  34 615,86  34 615,86 
 25 078,53  25 078,53 

 18 168,91  18 168,91 
 13 163,03 

 9 536,36 
Figure 2: Binomial tree of the underlying asset (values in thousands HUF) 

Source: Own construction

 426 099.98 
301 167.39 

 210 839.88  209 394.31 
 145 578.61 144 168.29 

 98 472.96  97 097.05  95 651.48 
 65 004.50  63 174.10  61 763.79 

c =32 837.37  39 695.84  37 396.57  35 951.00 
 24 172.73  21 669.22  18 511.94 

 12 158.42  9 366.63  4 615.86 
 4 675.04  2 063.56 

 922.54 0
 0

0

Figure 3: Binomial tree of the call option (values in thousand HUF) 
Source: Own construction
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The result shows that the DCF method gave the lowest company value in the case of venture 
capital investment that is followed by the binomial pricing model value and the highest value was 
generated by the Black-Scholes model with 33,641,000 HUF (Table 4). The difference between the 
result of the DCF and option valuation methods shows the value creation of the uncertainty and 
the embedded strategic flexibility. The binomial option pricing model demonstrates a higher level 
of strategic flexibility as the literature review also certified staging advantages and value-creating 
role. When we would like to detect the effect of staging in the binomial pricing model, it can be 
assumed only one portion of venture capital investment that results in a lower option value after 
the calculation (27,294,770 HUF). It emphasizes the importance of investment timing and staging 
investment.

Table 4. Result of the venture investment valuation 
Source: Own construction

Model Company value
DCF model (FCFF) 26,951,000 HUF
Black-Scholes model 33,641,000 HUF

Binomial pricing model 32,837,370 HUF

5. CONCLUSION

The paper focused on the evaluation of venture capital investments with the help of real option 
theory. The literature review showed that venture capital investments have the characteristics that 
require the application of real option logic and analyzing tool. Venture capital investments can be 
described with a high degree of uncertainty, partial irreversibility and these need to have active 
management. Staging serves as a control mechanism for venture capitalists because it provides a 
periodic reassessment of venture capital financing.

The most accepted evaluation methods, the Black-Scholes model and the binomial pricing model, 
were tested on venture capital investments in a Hungarian start-up company. The Black-Scholes 
model generated the highest option value with 33,641,000 HUF. The case study certified that real 
option valuation methods are more appropriate for evaluating venture capital investments and 
young, early-stage companies because of these high degrees of uncertainty and the strategic flex-
ibility than the traditional valuation methods.
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