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Abstract

This paper proposes an application of an option valua-
tion approach to evaluate a project investment in three
stages: research (R), development (D) and acquisition (A)
by incorporating the patent sale as alternative to the decision
to invest in the follow-on stages. The model also takes the
market uncertainty into the valuation of the first two tech-
nical stages (R&D) of the project. The decision tree model
is solved to determine the option values and optimal deci-
sions in each of the RDA stages subject to decision rules,
critical values, and certain boundary conditions through the
dynamic programming. We subsequently evaluate the
model effectiveness by comparing its decisions with those
of an existing valuation model and the net present value
method (NPV). The Monte Carlo simulation results show
that under the option valuation approach, a positive profit in
a wide range can be obtained with more than 50% chance,
in spite of the small average profit.

Keywords: option approach, RDA project valuation, patent
option, dynamic programming, simulation

1. INTRODUCTION

As an alternative valuation tool to the traditional dis-
counted cash flow (DCF) techniques, an option approach
has been widely accepted for a capital investment such as
manufacturing system investment (Karsak and Ozogul,
2005) contract investment (Brennan and Schwartz, 1985)
and capital investment (Dixit and Pindyck, 1994; Luehrman,
1998). It has also been employed in the valuation of R&D
project as presented by Mechlin and Berg (1980), Kester
(1984), Mitchell and Hamilton (1988), Morris, ef al., (1991)
and Boer (2000). A comprehensive review on option pricing
was given by Achdou and Pironneau (2005).

However, most of the option valuation models of the
R&D project have been concerned with the value of fol-
low-on investment at the commercialization stage only
(Newton and Pearson, 1994; Faulkner, 1996; Pennings and
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Lint, 1997; Perlitz, et al., 1999; Perdue, et al., 1999; An-
gelis, 2001; Huchzermeier and Loch, 2001; Schwartz,
2004). The investment in the R&D project can lead to pat-
ents of new technologies or products. Consequently, the
chance to sell the patent should be one of the options em-
bedded in the R&D investment and considered as alterna-
tive decision by the government funding agencies, such as
national research institutes and universities. The patent of
the R&D project has been considered as real options by
Schwartz (2004), who showed that the life of the patent can
affect the option value of R&D project.

Nevertheless, the firm can indeed choose the option to
wait for the new information concerning the future uncer-
tainty before making the investments therefore, it makes
more sense to incorporate in our decision model an alterna-
tive to postpone the start of R&D project, as it has been
done in the analysis of other types of capital investments
(Dixit and Pindyck, 1994; 1995).

The RDA (Research-Development-Acquisition) project
investment is a learning investment (Amram and Kulatilaka,
1999). The value of next investment, then, depends largely
on the updated uncertainty, which can be different by type
and value. One major type of uncertainty that is private and
called technical uncertainty is quite crucial to the research
and development decisions. Another type called market
uncertainty is also very important to the decision to launch
the product. Since the value of developed product is also
driven by the market uncertainty, the decision to invest in
the research and development stages analyzed based on the
technical uncertainty alone is not sufficient (Amram and
Kulatilaka, 1999). It is, thus, important to consider both
uncertainties in our RDA project valuation.

The purpose of this paper is to incorporate, in the RDA
option valuation model especially for the funding agency,
both technical and market uncertainties and more practical
decision alternatives, namely the chance to sell the patent
and the ability to postpone the start of a project. Qur pro-
posed model is derived based on the valuation model de-
veloped by Dixit and Pindyck (1995), as follows. Firstly,
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the model is extended from the valuation model for capital
investment to the model for the technical R&D stages. Sec-
ondly, the decision to invest in the R&D stages is for a fol-
low-on investment in the next stage, and also for the chance
to sell the patent. Thirdly, the option values and optimal
decisions of the R&D stages are involved both technical
and market uncertainties. Finally, at every decision points,
the postponement of investment is added as the third alter-
native due to market uncertainty.

The paper is organized as follows: the second section
detail out the assumptions underlying the RDA project in-
vestment, while the RDA valuation model is proposed in
the next section. To evaluate the model, a real case obtained
from a government funding agency is solved by the pro-
posed and existing models. Their results are comparatively
discussed and additionally analyzed based on simulated
results. Conclusions are finally provided in the last section.

2. ASSUMPTIONS

The R&D project defined in most literature often con-
sists of two decision stages in which the first stage com-
bines research and development together, while the second
stage involves commercialization. We address rather, in this
work, the RDA project made in three complete stages: re-
search (R), development (D) and acquisition (A) (also
known as commercial stage), as defined by Carter and Ed-
wards (2001), to demonstrate the possibility of the patent
sale which is embedded in any stage of the R&D project
except the beginning of the research stage. To implement
the project, a series of fixed investment outlays at the be-
ginning of each stage (R, D and A) is required and defined
as I, Ip and I,. All investment expenditures are as-

sumed to be partly irreversible. Although, the investments
in the future stage, I, and 7, , varies in some cases

(Huchzermeier and Loch, 2001; Schwartz, 2004), in this
case the required investments for the entire project should
be fixed or not be varied much due to the government pro-
cedure of the advance budget planning. Under this govern-
ment condition, all required investments are assumed to be
fixed and must be defined in advance since the beginning of
the project.

Since the R&D project takes years to complete, the
amount of time required to complete its research and de-
velopment work must be defined in the R&D project pro-
posal. Let’s denote them by 7, and T, respectively. As

mentioned before T and 7T, for the government funding

proposal must be fixed and known in advance, although the
amount of time during the acquisition stage cannot be firstly
defined, but normally estimated by the product life cycle. In
this work, the amount of time during stage A is assumed to
be perpetuity.

In general, the project does not yield any cash inflow
during the R&D stages, but will generate a stream of cash
inflow in the acquisition stage. Occasionally, the firm may
decide to license or to sell the patent to other firms at the

end of either R or D stage to generate a return in the form of
patent value rather than to pursue the next stage by itself.
Since the R&D project is considered as an intellectual prop-
erty, it is often difficult to determine its patent value. The
method called the relief-from-royalty method is one of the
practical methods for approximating patent value by license
payments. The value of a license traditionally consists of
two parts (Bertha, 1996). The first part is called a disclosure
fee (D;) and due upon the signing agreement. The second

part is a royalty fee, which is paid to the firm every year for
a specified contract period. The royalty structure of a typi-
cal license is quoted as a percentage of total sales. To sim-
plify the understanding of the model, the royalty fee (R, )

is assumed to be a percentage of the project value in the
acquisition stage (V,), and to be less than the same per-
centage of total sales. The patent value at the completion of
each stage can also be different. Practically, the patent value
at the end of the research stage would be less than the value
at the end of the development stage. Let p denote the
discount rate per period. The values of license at the end of
the R&D stages are respectively calculated as:
Dy(R)+R(RYV 4 /(1+p)'P)and D (D)+R(DW,.(1)
Due to the uncertainty in the future, the RDA project
value during stage i, V;, is assumed to evolve according to
the following combined stochastic process of the geometric
Brownian motion and the Poisson jump process to zero.
dV; = oVt =0V, dz +Vidg @)
where:
i = Stage: research (R), development (D), and acquisition
(A)
V; = Present value of the expected return from immedi-
ately undertaking stage i or project value at the be-
ginning of stage
dV; = Increment of the project value in stage i in small time
interval dr
«; = Constant instantaneous mean of dV;/¥;, conditional

on the Poisson not occurring in stage i

o; = Constant instantaneous standard deviation of dV;/V;
conditional on the Poisson not occurring in stage i

dz = gdi =Increment to a standard Wiener process

&£ = Normal error term with mean zero and unit standard
deviation

dg; = Increment to a Poisson process in stage i with mean
arrival rate

dg, = {—1 with probability 1;dt

! 0 with probability 1- 4;dr

This process is the typical combined stochastic process
to describe the change in the R&D project value as pre-
sented by Perlitz, et al., (1999), and Perdue, et al., (1999).
Note that this process does not allow only the continuous
change in the project value but also the discrete change de-
scribed by the Poisson jump downward process.
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3. THE VALUATION MODEL

Given the assumption that the RDA project value
evolves according to the combined stochastic processes (Eq.
2), the problem is to determine the option values and opti-
mal investment decisions at the beginnings of RDA stages.
The option value and optimal decision in each stage can be
determined by employing the dynamic programming (DP)
as firstly applied to the option valuation approach by Dixit
and Pindyck (1995). The basic idea of DP is to make a se-
ries of decisions, each of which yields, in each stage, the
highest present value calculated by applying a backward
recursive function. The recursive function includes two
components of values of decisions, i.e., the payoffs from the
immediate decision in the current stage and the consequent,
future values. All decisions or options available in each
stage must be initially identified. As explained in the previ-
ous section, the ability to postpone the investment is em-
bedded at the beginning of each stage, and the chance to
license the patent is possible only at the beginnings of the
development and acquisition stages.

3.1 General Decision Rules

Fig.1 illustrates the corresponding decision tree and
summarizes the optimal investment policy and decision to
be made at the beginning of each stage. Dynamic program-
ming starts in the acquisition stage, calculating the option
value, F,(V,) , and works backwardly through the decision
tree, calculating the value of option to invest in the D and R
stages accordingly. Three common decision choices, in-
vestment, postponement, and abandonment are considered
in each stage, while the chance to sell the patent or patent
option is considered only at the beginning of the last two
stages. One simple decision rule to abandon the RDA pro-
ject in stage i is when the project valueV; <0, i =R,D,A

which implies that this project has not been successful
through stage i and is based on the critical value ¥, .

Wheno <V, <V, , the optimal decision is to postpone the

investment. Otherwise, the further analysis is made by
comparing the discounted net payoff of the further invest-
ment with that of patent sale.

3.2 Determination of the Option Value in the Acquisi-

tion Stage

Assume that the RDA project has passed all technical
uncertainties and is entering into the acquisition stage. Then,
there is only market uncertainty left in this stage and the
firm has the opportunity to delay or postpone investment or,
in other words, to wait for new information about the future
cash flow before committing an irreversible investment.
This opportunity has value called the value of option to
invest and is driven by the market uncertainty. We begin our
derivation by firstly comparing the values of two common
decisions between investing and postponing. Starting from
the acquisition stage, given the discount rate per period, p,

we let F, (V,) denote the value of option to invest in the

24

acquisition stage with project value V, . To deter-
mine F4(V,), the model developed by Dixit and Pindyck
(1995), is modified to accommodate the Poisson jump

downward to zero.
investif V, 2V ,* and ¥,-1, 2D (D) +R(D)V, 1

patentif V> ¥ *and V-1, <D (D)+R(D)V,

postpone if g<¥ <¥ *

abandon if ¥, <0

invgstif V2 V" and V), +F V-, 2 DARJHRARIV /(1+p)"0)

patentif 1, = ¥,,* and ¥, +F,(V,)-1, < D (RI+R RV /(1+0)")

<y
Vo<t

postpone if ()<

abandon if Vj,< ¢

investif ¥, 2 V,"

postpone if O<V <V,

abandon if V<0

Fig. 1 Optimal investment decisions of an individual project

The decision rules are normally based on the critical
value V) . It is optimal to postpone the project’s investment,
ifv, <Vy, orto invest if ¥, >V, (See Dixit and Pindyck,
1995, for more details). In this paper, we enhance the deci-

sion rules by taking the patent option into account. As
shown in Fig. 1, since V, is the present value of the ac-

quisition stage, the NPV rule can be applied at the acquisi-
tion stage when ¥, > ¥ . The investment should be made, if
the discounted net payoff of investment,V, — 7, is greater
than the discounted value of patent sale, D r(D)+Rp (DY,

as specified in Eq. 1. Otherwise, the patent sale here should
be preferred. In addition, the option value F,(V,) can be

obtained from the equations given in Fig. 2.

3.3 Determination of the Option Value in the Develop-

ment Stage

Since there are two kinds of uncertainty involved in the
development stage, the technical and market uncertainties,
which cause different affects on the investment decision,
each uncertainty must be treated differently on the value of
option. The market uncertainty acts in the same role here as
in the acquisition stage in making the value of option to
wait more meaningful. On the other hand, the technical un-
certainty increases the option value of follow-on investment
in the next stage through this stage’s investment. Together,
both uncertainties would increase the value of the invest-
ment opportunity. This statement may be different from the
conclusion of Huchzermeier and Loch (2001), which im-
plies that more variability or uncertainty does not always
increase the value of managerial flexibility or the option
value. As the product performance variability (technical
uncertainty) increases, the value of the managerial flexibil-
ity in term of downside protection is reduced. Nevertheless,
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the options embedded in the R&D project investment are
not only the chance to abandon the investment but also the
options to postpone and to follow the investment which in
this case increases when the uncertainty increases.

invest with F (V,)=V -1, 1

patent with F (V )=D(D)}+R(D}V 2
Favy

postpone with F (V )=AV [ 3

abandon with F (¥ )=0 4

invgst with F(V )=V, +F (V)1

patent with F (V) =D(R)+R(RY(V A1-p)'™ 5
F v, postpone with F(V,)=B V> 6
abandon with F(V,)=0 7

inyest with F (Vo )=V, +F (V)-I,

postpone with F(V,)=C,V : 8
abandon with F(V,)=0 S

Fig. 2 Option values at each stage of a project

FuVy)

To clarify this, we let Fp(Vp) denote the value of op-

tion to postpone investment at this stage due to the market
uncertainty and F (V) denote the option value of the fol-
low-on investment in the next stage caused by the technical
uncertainty during the development stage. To obtain the
option value of the development stage, F(Vp), we follow
the same procedure of determining F,(V,) by comparing
the value of investing and postponing. Since the derivations
used in the acquisition stage are derived for the infinite time
stage, the additional boundary condition is set for the fixed
time development stage by using the expected option value
of the acquisition stage as the boundary value. The invest-
ment rules still take the form of critical value V™.

In the postponement region, the firm holds the post-
ponement option, Fp(Vp), caused by the market uncer-
tainty and must be satisfied by the following differential
equation,

Lo2vir; "o (V )~ =0 (3)
ZO'AVDFP(VD)HXAVD PVD)~(p+ A )Fp(Vp)= :

To satisfy the condition that Fp(0)=0, the value of

postponement option must take the form of

Fp(Vp)= Blel;l ) )

RCAENE )

2

2
where b =%—ﬁ”—+ [gi——l-J
04

o3 oy 2
As mentioned earlier, since Fp(Vp) is caused by the
technical uncertainty, the differential equation that must be

satisfied by Fr(Vp) can be written as:
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SO BVBFL )+ @V pFy p)~(p+ Ap)Fe(Vp) =0 (6)
Similarly, to satisfy the condition that F(0)=0,
Fr(Vp) = ByVJ2, )

MECASE VI

2
where b2=-;——g£+ (Eﬂ~-l—J >
op

ok 2

In the investment region, when the firm invests, it must
not only disburse the investment cost/, , but also give up
the value of postponement option Fp (V). Instead, it re-
ceives the value of the development stage ¥, as the con-

sequent project value and the option value of follow-on
investment in the acquisition stage Fp(Vp). The corre-

sponding value-matching and smooth-pasting conditions are
therefore:

Fp(Vp)=Vp+Fp(Vp)-1Ip,and ©)
Fp(Vp)=1+F(p). (10)

By Egs. 4 and 7, Egs. 9 and 10 can be simplified to:
BIV,;bl =V} + BV ~ 1, , and (11
bV =14, (12)

Besides the conditions shown in Eqs. 9~12, with a fixed
time 7p , an additional boundary condition is defined as the

expected option value of follow-on investment in the acqui-
sition stage which will be occurred after 7, periods,
E[Fr(Vp)lry =Fa(Vy) -
By Eq. 7,
E[BoV ;2 )1y, = Fa(V4) 08 By(BVply,) = F4 (V) . (13)
Given that the project value of the development stage

evolves according to the combined stochastic process (Eq. 2)
and V7, is the project value at the beginning of the devel-

opment stage, the expected value of ¥,
formulated (Dixit and Pindyck, 1994) as:
EVplr,= VDe(“D_’lD)TD .

The constant B,

at Tp can be

(14)
can be found by substituting
ElVpls, from Eq. 14 into Eq. 13 and manipulating it.
Thus,

_ FuVy)
By = (VDe(aD—AD)TD )52 ) (13)
With the constant values b,, b, and B, calculated
by Egs. 5, 8 and 15 and two boundary conditions (Egs.

11~12), V¥, is the solution of the following equation:
(b ~b2)B2V " + (b ~1Wp ~biIp = 0.
Subsequently, B, can be calculated as:

_¥p +1;2132V[§b2

blVBbl

B

The critical value, ¥}, is then employed to develop the
decision rules in the development stage as shown in Fig,. 1,

NI | -El ectronic Library Service



The Japan Soci ety of Mechani cal

Engi neers

and the option value of the development stage, Fp(Vp), is
calculated according to the equations given in Fig. 2.

3.4 Determination of the Option Value in the Research
Stage

We finally work backward to find the option value

Fr(Vz) of the research stage in the same way that we ob-

tain Fp(¥p) . The same boundary conditions must be satis-

fied. Although the firm can still postpone the investment, it

does not have the chance to sell the patent at the beginning

of the project. Since the research stage also involves both
technical and market uncertainties, we let Fp(/;) denote

the value of option to postpone investment in the research
stage due to the market uncertainty and Fp(Vy) denote

the option value of the foilow-on investment in the next
stage caused by the technical uncertainty during the re-
search  stage. The  differential  equations for
Fp(Vp)and Fp (V) are the same as those for Fp(¥V,)and
Fr (V) as shown in Eqgs. 3 and 6, except that subscript i
is denoted here by R rather than D.

To satisfy the condition Fp(0)=Fr(0)=0, Fp(Vg)
and Fp(Vz) must take the form of C\/gt and C,Vg2,

respectively, where,

[

2
clz.l___g_tg_.;. _(_l_g—__l_ +_2.(_p_+2]'_/1)’and
4 04 2 T4

2
¢ =_1__£‘£12e_+ Eg_l +&’12_'?ﬁl,
2 oy o 2 OR

Similar to the determination of B, given by Eqs. 9~15,
the constant C, can be obtained as follows:

C. = Fp(Vp)
2 e @R—ARTRye2

and ¥y is the solution of the following equation:

*C) *
(1 =e)CoVg ™ +(ey =)WV —cp =0
In addition,
Vi +crColip
Cl = —*q .
Ve
The decision rules and option values in the research
stage can be summarized as shown in Figs. 1~2 respec-
tively.

4. ANALYSES AND DISCUSSION ON A CASE STUDY

To test the model, one RDA project proposal from a
government-funding agency of Thailand was selected. The
project involved research and development of a medical
product, which has a long product life cycle. General in-
formation of the project investment usually shown in the
project proposal, such as 1) type of product, 2) the invest-
ment costs for each stage, 3) the amount of time required to
complete the research and development stages, 4) the ex-
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pected return from cash flow, 5) the weighted average cost
of capital (WACC) and 6) the disclosure fee and the royalty
rate are collected. The probabilities of achieving research
and development stages, denoted by Prz and Prj, respec-

tively, are needed to determine the values of the key vari-
ables. In the present study, the values Prp and Prp are

arbitrarily set to 0.5 by assuming the unbiased situation. We
also consider the present value of expected return from cash
flow of undertaking the acquisition stage as the project
value ¥, at the beginning of the acquisition stage. At this

point, the firm has another option to sell the patent to other
firms, receiving in return an amount of disclosure fee plus a
royalty fee every year for a specified period.

In our comparative experiment, we compare the optimal
decisions determined by three approaches: (1) the proposed
model (the option approach with patent decision); (2) the
option approach proposed by Perdue, et al, (1999), here
referred to as the base model; and (3) the net present value
(NPV). The option valuation approach and dynamic pro-
gramming developed by Dixit and Pindyck (1995), was also
applied by Perdue, et al., (1999), to determine the option
value and optimal decision rules but only at the commercial
stage of a R&D project. Their project value during the
commercial stage is assumed to evolve according to the
combined stochastic process (Eq. 2). Once the option value
at the commercial stage is determined, the expected dis-
counted values of the R&D stages are obtained through a
decision tree model using the probability of success associ-
ated with each stage. However, their work is limited to two
decision choices between to invest and to not invest in the
first stage and an additional decision choice to delay the
investment in the commercial stage. The traditional NPV
method, on the other hand, determines the project invest-
ment valuation by its net present value of the expected re-
turn from cash flow (¥, ) and the expected total investment

I,.I5,I,). The NPV decision rule is to invest in the pro-
R:iDs14 p

ject, if the NPV is positive. Otherwise, it is better not in-
vesting.

While the base model applies the combined stochastic
process (Eq. 2) and option approach only in the acquisition
stage, our proposed model applies Eq. 2 to describe the
changes in project values in all three stages. In addition, it
differs significantly from the base model by the incorpora-
tion of market uncertainty in the valuation of the technical
R&D stages. If it is optimal not to invest, the postponement
option yields an extra option value which is always greater
than or equal to the zero value of the abandonment decided
by the base model. When the optimal decision is to post-
pone, the same analysis is repeated in the next time period
with the updated market uncertainty.

4.1 Comparative and Sensitivity Analyses

Table 1 compares in each stage the values and optimal
decisions determined by three approaches. As summarized
in Table 1, at the beginning of the acquisition stage, all ap-
proaches yield the same value of 519,920 Baht which is the
net present value of payoff ¥, -7, from the investment in

NI | -El ectronic Library Service



The Japan Soci ety of Mechani cal

Engi neers

the acquisition stage, since all approaches use the same
weighted average cost of capital as the discount rate. Be-
cause NPV is based on the now-or-never decision, the deci-
sion decided by NPV is made only at the beginning of the
RDA project which is to abandon all stages of the RDA
project, while the decisions decided by the proposed model
and the base model for the development and acquisition
stages are contingent and shown in parentheses. Moving
backwardly to the beginning of project investment, the de-
cision suggested by the proposed model to invest in the
research stage is significantly different from the abandon-
ment decided by the base model and the NPV, despite the
same payoff in the acquisition stage. In the base model,
losses are limited to zero value of abandonment, while NPV
yields the negative value. One advantage of the option ap-
proach over the NPV is that the former takes the results of
the research and development stages into account, while the
NPV does not. This situation is often referred to in the real
option literatures (Dixit and Pindyck, 1995; 1994; Luehr-
man, 1998; Perdue, et al., 1999) as the managerial flexibil-
ity. As a result, the NPV can underestimate the RDA project
by the value of option to abandon the development and ac-
quisition stages, if the research result is not as expected.
The zero value determined by the base model reflects a di-
rect consequence of the probability of success in the R&D
stages.

Table 1 Optimal decisions and values

Optimal decision and Proposed | Base model Net Present
value at the beginning Method Value
(NPV)
the acquisition stage (Invest) (Invest) Abandon
519,920 519,920 519,920
the development stage (Invest) (Invest) Abandon
652,099 32,823 235,590
the research stage Invest Abandon Abandon
471,197 [ -29,332

The probability of success, Pr;, plays an important
function in valuing the R&D stages by the base model.
Once the option value F,4(V,) is determined, the expected
values of preceding stages are obtained through a decision
tree by using Pr; and the investment cost 7; in stage i.
The option values of the R&D stages determined by the
base model are as follows:

Fp(Vp)=Max[Prp*F,(V4)-1p,0], and
Fr(Vg) =Max[Prp* Fp (V) — I ,0], respectively.

For example, given F,(V,) andI,, Fig. 3 shows the
solid-lined threshold of investment as a function of the
probability of success for both R&D stages. The optimal
decision rule decided by the base model is to invest in the
development, if F,(V,) (marked by the dotted-line) is
greater than the threshold of investing (Prp >0.436), or
otherwise to abandon it. The optimal decision to abandon

the investment in the development stage decided by the
base model over the range [0, 0.436] of Pr, also reflects

the zero values of Fp(Vp), while the decision to invest
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makes Fp(Vp) linearly increasing as Pr, increases from
0.436 to 1.0. The value 32,823 of F,(V,) shown in Table
1 and the dashed-line in Fig. 3 is determined by the base
model with pre-specified Pr,= 0.5. Since it is smaller than
the threshold of investment for all values of Prg, the opti-
mal decision is, then, not to invest in the research stage,
even though the research stage has 100% success rate.
Based on the abandon decision, F,(V;) is consequently
zero for all values of Prp . We can regard that the option
values of the research and development stages in the base

model are very sensitive to the probability of success asso-
ciated with each stage.

Abandon at R
Abandon at D {

Invest at D

2500000

t—Threshold of Investment }

2000000
1500000
1000000

500000 | AV

01 02 03 04 05 06 07 08 0.9

0 ==F,(V},)
Probability of Success
Fig. 3 Thresholds of investment by the base model

4.2 Simulation Experiment and Analysis

Since the optimal decisions decided by the proposed
model differ from the other two decisions, we further
evaluate the effectiveness of the proposed model and its
decision, applying the Monte Carlo simulation. The simu-
lated experiment is designed by firstly investing in the re-
search stage as determined by the proposed model and set
for the stochastic change of the project value (¥ andV,)

during the first 3 years, the time required to complete the
research stage. At the beginning of the development stage,
the optimal decision is determined following the proposed
model with the updated market uncertainty and project
value at the end of the research stage. If it is optimal to in-
vest in the development stage, the project value (¥, and

V4 ) is allowed to stochastically change for another 2 years

to complete the development stage. But if the optimal deci-
sion at the development stage is to postpone the investment,
the decision is made again next year with the updated mar-
ket uncertainty. To avoid the postponement indefinitely, the
decision is set to abandon the project if the postponement
decisions occur twice consecutively. At the beginning of the
acquisition stage, if the optimal decision is to invest, the
updated project value (the updatedy,) is allowed to sto-

chastically change for another 10 years.

The profit obtained is the present value of the net profit
generated from firstly deciding to invest in the research
stage. The statistics of profit response obtained from 500
replications of the Monte Carlo simulation and its histo-
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gram are summarized in Fig. 4. The mean profit of 200.6 or
the return of 0.025% is quite low when compared with total
investment costs of this RDA project. However, as indicated
by the certainty level in Fig. 4, there is 52.2% chance that
the firm can still make profitability. In addition, the net
profit can be obtained up to the maximum of approximately
200% of the total investment.

At this point, it should be noted that the expected rate of
return or the value of drift term (a ) of the geometric
Brownian motion in the combined stochastic process (Eq.

2) is set in the simulation experiment to be the risk-free rate.

As a result, o < p, the discount rate (See more detail in
Dixit and Pindyck, 1995). When the drifted project values
are discounted back to its present value by a higher discount
rate, the average present value of the simulated project
value would inevitably be small. It is, however, expected
that the actual growth rate of the RDA project value in each
stage would be higher than the risk-free rate used and that
with a higher probability of making profit, the project in-
vestment would consequently generate the actual profit
much higher than 200.6 Baht. In addition, the negative
range of profit and other statistics are expected to be im-
proved. In general, the simulated results do confirm that the
decision to invest in this project is perhaps more worthwhile
than the decision to abandon as suggested by the base
model and NPV.

Based on the combined stochastic process (Eq. 2) of the
geometric Brownian motion and Poisson process, three
situations in which the project value can evolve, namely
upside, downside and jump situations, occur in 500 replica-
tions. The first two situations occur according to the stan-
dard deviation ( o ) of geometric Brownian motion,
whereas the last case happens according to the mean arrival
rate ( 1) of Poisson jump downward process. The standard
deviation *+o makes the project value fluctuating around
the expected rate and consequently the profit fluctuating as
evidently shown by its standard deviation of 350,832 in Fig.
4. The upside situations happen if the project value changes
following the upside uncertainty {(+o ). The effect of high
uncertainty to the profit is indicated by the maximum value
of 1.6 million. The downward situations, however, happen
if the project value is evolved according to the downside
uncertainty (-o ) indicating some failure. The additional
Poisson jump process to zero in any stage does amplify the
project failure, evidently found in the loss figures. However,
the loss under these circumstances would normally be lim-
ited to the investment cost. The first 30% percentile of 500
profits: -791,475; -417,846; and 227,137, are respectively
equal to the investments spent in all three stages, in the first
two stages, and in the first stage only, as shown by these
three discrete events of the three bars on the left-hand side
of Fig. 4. Especially, the second bar on the left marks the
value of -417,846, the mode that occurs when the project
fails during the development stage. Our detailed analysis
indicates that this unfavorable situation is a direct conse-
quence of the Poisson jump process to zero that frequently
occurs in the development stage. This situation, however, is
not considered in the base model and NPV.
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Forecast: Payoffs

500 Trials Frequency Chart 495 Displayed
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-791,475.11 -354,845.61 0 518,413.40 955,042.90
Summary:
Certainty Level is 52.20% from 0.00 to +Hnfinity
Display Range is from -791,475.11 to 955,042.90

| Entire Range is from -791.475.11 to 1,624,484.49
| Statistics:

Values
Trials 500
Mean 200.60
: Median 11,799.76
E Mode -417,846.02
| Standard Deviation 350,831.93
Variance 1.23E+11
Range Minimum -791,475.11
Range Maximum 1,624,484.49
i Range Width 2,415,959.60
| Mean Std. Error 15,689.68

Fig. 4 Results of simulated profits

It may be worthwhile to note that this case study is one
of a government-funding agency, a non-profit organization.
The project involved the research, development and acqui-
sition of a medical product, and its main objective was to
substitute the imported by locally made products. This in-
direct benefit is not included in our analysis of the expected
cash flow, and therefore, the projection of return and value
of patent sales is lower than usual. In practice, this RDA
project was implemented and succeeded in all three stages.

5. CONCLUSIONS

This paper presented an alternative valuation method
based on the option approach for the RDA project invest-
ment especially for funding agencies. By incorporating the
chance to sell the patent and the ability to postpone the in-
vestment into the valuation of the technical stages of the
RDA project investment, the method is to evaluate all val-
ues embedded in this RDA project, namely the value of
postponement option created by the market uncertainty, the
option value of follow-on investment created by the techni-
cal uncertainty. It was shown that the option values deter-
mined by the proposed model have the positive correlation
with the technical and market uncertainties. Nevertheless,
they effect the investment decision in conflicting ways.
With the model developed here, the RDA project in the
R&D stages seems more attractive and accelerated by the
high technical uncertainty.

The proposed model was tested on a real case study and
its results were compared with those obtained by the tradi-
tional NPV and Perdue, et al., (1999). The option model
suggested for the investment in the project, while the other
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two recommended abandoning the project. Based on these
different results, further analysis and simulated experiment
were conducted to validate the model and to study its be-
havior. Our analyzes found that although the project value
and decision in each stage depended on the level of uncer-
tainty, they were less sensitive in the proposed option model
than in the base model of Perdue, ef al., (1999). Although
the simulated results also showed the small average payoff
of project investment, there existed more than 50% chance
that the investment could lead to a positive payoff and even
in a large amount, while the loss was limited only to differ-
ent investment costs. The small mean payoff was indeed
mainly contributed by (1) the lower value of stochastic up-
ward trend or growth rate of project value than the discount
rate, and (2) the downward trend and jump of the combined
stochastic process used in the model.
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