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Abstract

   This paper proposes an  application  of  an  option  va!ua-

tion approach  to evaluate  a  preject investment in three

stages: research  (R), development (D) and  acquisition  (A)
by incorporating the patent sale as alternatlve to the decision
to invest in the  fo11ow-on stages.  The  mode]  also  takes  the

market  uncertainty  into the valuation  of  the first two  tech-
nical  stages  (R&D) of  the preject, The decision tree model
is solved  to determine the  option  values  and  optimal  deci-

sions  hi each  of  the  RDA  stages  stibject  to decision rules,
critical  values,  and  certain  boundary  conditions  through the

dynamic prograrnming, 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  preject 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 capita1 investment such  as

manufacturing  system  investment (Karsak and  Ozogul,
2005) contract  investment (Brennan and  Schwartz, 1985)
and  capitai  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, et al., (1991)
and  Boer (2000). A  cornprehensive  review  on  option  pricing
was  given by Achdou and  Pironneau (200S).
   However,  most  of  the  option  valuation  models  of  the

R&D  preject have been concemed  with  the value  of fo1-
low-on  investment at  the commercialization  stage  only

(Newton and  Pearson, 1994; Faulkneg  1996; Pennings and

Lint, 1997; Perlitz, et al., 1999; Perdue, et al,, 1999; An-
gelig, 2001; Huchzermeier find Loch, 2001; Schwartz,
2004), The investment in the R&D  project can  lead to pat-
ents  of  new  technologies or products. ConsequentlM  the

chance  to sell  the patent should  be one  ef  the options  em-

bedded in the R&D  investment and  considered  as  alterna-

tive decisien by the gvvemmentfanding  agencies,  such  as

national  ieseat=h  institutes and  ttniversities.  The patent of
the R&D  preject has been consi'dered  as reai  options  by
Schwartz (2004), who  showed  that the life of  the patent can
affect  the  option  value  ofR&D  projcct.

   Nevertheless, the firm can  indeed choose  the option  to

wait  for the new  information concerning  the future uncer-
tainty befbre making  the investments therefbre, it makes

more  sense  to incorporate in our  decision model  an  alterna-

tive to pestpone 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) preject
investment is a learning investment (Amram and  Kulatilaka,
1999). The value  of  next  investment, then,  depends largely
on  the updated  uncertainty,  which  can  be diffbrent by type
and  value, One major  type of  uncertainty  that is private and
called  technical  uncerininty  is quite crucial to the research
and  developrnent decisions. Another type called market

uncertainty  is aiso  very  irnportant to the decision to launch
the procluct. 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
Kulati!aka, 1999). It is, thus, important to censider  both
uncertainties  in our  RDAproject valuation,

   The  purpose of  this paper is to incorporate, in the RDA
option  vaLuation  model  especially  for the funding agencM
both technical and  matket  uncertainties  and  more  practicai
decision alternatives, namely  the chance  to sell the patent
and  the ability to postpene the start of  a  project. Our  pro-
posed  model  is derived based on  the  valuation  model  de-
ve]oped  by Dixit and  Pindyck (1995), as fo11ows. Firstly,
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the model  is extended  from the valuation  model  for capital
investment to the  rnodel  for the  technical  R&D  stages.  Sec-
ondlM  the decision to invest in the R&D  stages  is for a fo1-
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  matket  uncertainties,  FinallM at every  decision points,
the  postponement of  investment is added  as the third alter-

native  due to marlcet uncertainty.

   The  paper is organized  as  fo11ows: the  second  section

detail out the assumptions  underlying  the RDA  project in-
vestment,  while  the RDA  valuatien  model  is proposed in
the next  section. Tb evaiuate  the model,  a real case  obtained

from a government fttnding agency  is so}ved  by the pro-
posed and  existing  models,  [lheir results are comparatively

discussed and  additionally  analyzed  based on  simulated

results.  Conclusions are  finally provided in the  last section.

2. ASSUMPTIONS

   The  R&D  preject defined in most  literature often  con-

sists of  two  decision stages  in which  the first stage  com-

bines research  and  deveiopment together, while  the second
stage  involves commercialization.  We  address  rather, in this
work,  the RDA  project made  in three cemplete  stages: re-

search  (R), development (D) and  acquisition  (A) (also
known as  coinmercial  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, [b irnplement
the project, a  series  of  fixed investment outlays  at the be-

ginning ofeach  stage  (R, D  and  A) is required  and  defined
as  IR, ID and  I",All  investment expenditures  are  as-

sumed  to be partly irreversible. Although, the investments
in the  future stage,  ID  and  JA,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 govemment  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 ef

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 ift the R&D  project pro-
posal, Let's denote them  by 7}t and  7b, respectively.  As

mentionedbefore  1>i and  7b  forthegovernmentfunding

proposal must  be fixed and  known  in advance,  although  the

amount  oftime  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 assiimed  to

be perpetuity.
   In general, the preject does not  yield any  cash  infiow
during the  RS  D  stages,  but will  generate a  stream  of  cash

inflew in the acquisition  stage, OccasionallM the firm may
decide to license or to se]1 the patent to other  firms at the

end  ofeither  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  preject is considered  as an  intellectual prop-
erty,  it is often  difficult to determine its patent value,  The

method  called the reliefifrom-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 disclosute
fee (Df-) 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. Tb sim-

plify the understanding  of  the model,  the royalty  fee (R.f )
is assumed  to be a  percentage of  the project value  in the
acquisition  stage  (Z4 ), and  to be less than the  same  per-

centage  of  tota1 sales.  The  patent value  at  the  completion  of

each  stage  can  also  be different, Practicatly 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  ef  license at the  end  of

the R&D  stages  are respectively  calculated  as:

    Df(R)+Rf(R)(pkf(1+p)TZ))and  Df(D)+Rf(D)Pl,d ,(1)

   Due  to the uncertainty  in the future, the RDA  project
value  during stage  i, K･,is assumed  to evolve  accerding  to

the fo11owing combined  stochastic process of  the geometric
Brownian metion  and  the Poissonjump process to zero,
             dK･ =ai  lfth =:  aiKde+Z･dqi,  (2)
where:

 i 
=
 Stage: research  (R), developrnent (D), and  acquisition

    (A)K
 
=:
 Present value  of  the expected  retum  from 'immedi-

    ately undertaking  stage  i or project value  at the be-

    ginningofstage  l

dX 
=
 Increment of  the project value  in stageiin  small  time

    interval dt
ai  

--
 Constant instantatieous rrtean ofdK･fK･  , conditional

    on  the Poisson not  occurring  in stage  i
ai  

-m
 Constant lnstantaneous standard  deviation of  dK･tK･

    conditional  on  the  Poisson net  occurring  in stage  i

de t=  eV}i;=IncrementtoastandardWienerprocess

E  =  Normal  en;or  term with  mean  zero  and  unit  standard

    deviation
diji --

 Increment to a Poisson process in stage  i with  mean

    arrivalrate  4

     f-1 with  probability 2idt
dqi

 
7U
 1 o with  probability 1- Zidt

   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  aliow  only  the continuous

change  in the project value  but alse  the discrete change  de-
scribed  by the  Poissonjump  downward  precess,
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3. THE  VALUtfi]ION  MODEL

   Given the assumption  that the RDA  project value

evolves  according  to the combined  stochastic  processes (Eq.
2), the problem  is to detemine the option  values  and  opti-

mal  investment decisiQns at  the beginnings of  RI)A stages,
The  optien  value  and  optimal  decision in each  stage can  be
determined by ernploying  the dynamic programming  CDP)
as firstly applied  to the eption  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

co"rponents  ofvalues  of  decisiQns, i.e,, the  payoffs frotn 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, rhe 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 Decisien Rules

   Fig.1 illustrates the  con'esponding  decision tree and

summarizes  the optimal  investment policy and  decision to
be made  at  the beginning ofeacb  stage.  Dynamic  program-
ming  starts in the acquisition  stage, caiculating  the option
value, Fld(Z4) , and  worlcs  backwardly through the decision
tree, calculating  the  value  ofoption  to invest in the D  and  R

stages  accordingly,  Three common  decision cheices,  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  iis when  the prQject value  ag･ Ke,i  --R,D,A

which  impHes that this project has not  been successfu1

threugh stage  i and  is based Qn  the critical value  }1･'.

WhenO<K<Z･",  the optimal  decisien is to postpone the
investment, Otherwise, the further analysis  is made  by
comparing  the discounted net payoff of  the farther invest-
ment  with  that ofpatent  sale.

32  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 epportunity  to delay or postpone investment or,
in other  words,  to wait  fbr 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 lild(PC() denote the value  of  option  te invest in the

acquisition  stage  with  project value  Pld . Tb deter-
mineFLt(PCd),  the model  developed by Dixit and  Pindyck

(1995), is modified  to accommodate  the Poisson jump
downward to zero.

1234

s67

s9

Fig. 1 Optimat investment decisions of  an  individual project

   The decisien rules  are normally  based on  the critical

value  V.: , It is optimal  to postpone the project's investment,

ifP;4 <  Z: ,
 or to invest if PZ4 l  }t; (See Dixit and  Pindyck,

1995, for mere  details), In this paper, we  enhance  the  deci-
sion  rules  by taking  the patent option  into account,  As
shown  in Fig. 1, since  YA is the  present value  of  the  ac-

quisition stage,  the 
'NPV

 rule  can  be appiied  at the acquisi-

tion stage  when  PLt > V)"i , The investment should  be made,  if

the discounted net payoff  of  investment, PC, -  J, , is greater
than  the discounted value  ofpatent  sale, Df(D)+  Rf  (D)PZ4 ,

as  specified  in Eq. 1. 0therwise, the patent sale here should
be preferred, In addition,  the option  va!ue  FLt(VL4) can  be
obtained  from the equations  given in Fig. 2.

3.3 Determination of  the Option Value in the Develop-
   ment  Stage

   Sin¢ e  there are  two  kinds of  uncertainty  involved in the
deveiopment 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 malcing  the value  of  option  to
wait  more  meaningful,  On  the other  hand, the technical un-
certainty  increases the option  value  of  fo11ow-on investnient
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 aiways
increase the vatue  of  managerial  fiexibility or  the  option

value.  As  the  product perfbrmance variability  (technical
uncertainty)  increases, the value  of  the managerial  flexibil-
ity in term  ofdownside  protection is reduced.  Nevertheiess,
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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 fo11ow the investment which  in
this case  increases when  the uncertainty  increases.

Fig.2 Option values  at  each  stage  of  a  project

1234

s67

s9

   To clarify this, we  let Flp(Vb)  denote the value  ef  op-

tion to postpone investment at this stage  due to the market
uncertainty  and  Fl.(P{D) denote the option  value  of  the fo1-

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, Fb(Vb) , we  follow
the same  procedure ofdetermining  Ed(lk) 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 fbr 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(P(D).  caused  by the market  uncer-

tainty and  rrrust  be satisfied  by the fbrlowing differential
equaUon,

     licriYBFi;(VD)+ex.tVDFPcrD)-(p+AA)Fp(uD>=o (3)

   To  satisfy the condition  that F>(O)=O,  the vaiue  of

postponement option  must  take the form of

               F7,<Vb)-B,Ylgi, (4)

     
wherebi=;-llit+   (5)

   As  mentioned  earlier,  since  F>r(Vb)  is caused  by the

technical uncertainty,  the differential equation  that must  be
satisfiedby  FV(VD)  canbewrittenas:

  ÷a,2,vS
   kSimilarly,FL"L(VD)+a.VbF;･(VD)-(p+2b)F)-(V.)=O･

 (6)

to satisfy the condition  that Flr (O) = O ,

    E-･ (pzo) 
-
 B2 p'B2, (7)

     
where

 
b2==i;-[IItl+

 
2(P,,+iiD)･

 (s)

   In the investment region,  when  the firm invests, it must
not  only  disburse the investment costJD,but  also  give up
the value  of  pestponement  optionEp(V(D)  . Instead, it re-

ceives  the value  of  the develepment stage  Vb  as  the con-

sequent  preject value  and  the option  vaiue  of  fo11ow-on
investment in the acquisition  stagel[IF･(VD)  , The  corre-

sponding  value-matching  and  smooth-pasting  conditions  are

therefore:
               **

           Fp(p'. ) p  Vb  +  FF  (PZB )- l. , and

              ize(vB)=:i+Fze(vS),

By  Eqs, 4 and  7, Eqs. 9 and  1O can  be simplified  to:

           BtvBht =  vB +  B2vBb2 - ID,and

             bsBlvSij-1=1+b2B2vllb2-1,
Besides the conditions  shown  in Eqs. 9･-l2, with
time lb,anadditionalboundarycon

 (9)(10)

                                             (II)

                                            (12)
                                          a fixed
                              dition is defined as  the

expected  option  value  of  fo11ow-on investment in the acqui-
sitionstagewhichwillbeoccurredafter  7b periods,

               E[ Fli, (Vb )] 7), -
 IZ4(PCA)･

By  Eq, 7,

    E[B2 VBZ )]ib =  E4 (Pk ) or B2 (E[Vb ]lt, )b2 ==  FL, <pk ) . (13)

   Given that the project value  of  the development stage
evolves  according  to the combined  stochastic  process (Eq. 2)
and  Pb is the project value  at the beginning of  the devel-

opment  stage, the expected  value  of  Vb  at  lb  can  be
formulated (Dixit and  Pindyck, 1994) as:

            E[Vb],b=  pbe(aDrm2D)'b. a4)

   The constant  B2 can  be found by  substituting

E[Vb]7b from Eq. I4 into Eq. 13 and  manipulating  it.

Thus,

             
B2
 

=

 <p(D,{fDll::'DA))Tb )b2-' 
{15)

   With  the  constant  values  bt, b2 and  B2 calculated

by Eqs. 5, 8 and  15 and  two  boundary  conditions  (Eqs,
11-12), UB isthesolutionofthefo11owingequation:

         (bl -b2 )B2yBb2 + (b, -1)p:B -blJD =  o .

   Subsequently, Bi can  be calculated  as:

                    rS +  b2 B2 yB 
h2

                
BL=

 .bl  
'

                       biVD

   The critical  value,  vB,is  then employed  to develop the
decision ruies  in the development  stage as shown  in Fig, 1,
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and  the option  value  of  the development stage, Fb(Pb), is

calculated  according  to the equations  given in Fig. 2.

3.4 Determination of the Option Value  in the Research
   Stage
   We  finaliy work  backward to find the  option  value

F)?(?k) of  the research  stage  in the same  way  that we  ob-

tainl;b(Pb). [[he 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 liP(V)i} denote

the va]ue  of  option  to postpone investment in the research

stage  due to the market  uncertainty  and  1LF･(F}t) denote

the optien  value  of  the fo11ow-on investment in the next

stage caused  by the technical uncertainty  during the re-

search  stage.  The differential equations  for
1'b(Pli)andF?7(Y}i) are the same  as those for F>(Vb)and

F)･(Vb)as shown  in Eqs. 3 and  6, except  that subscript  i
is denoted here by R  rather  than D,

   To satisfy  the condition  F)](O)=4r(O)=O  , Fl)(frIR)

and  F,"(Fk) must  take the fbrm  of  CiVfii and  C2Yi:2,

respectiveiy,  where,

        ci==t-::+V[il/3IIIS
5-IJIIilll

:tmi
'+2(pa+zZri),and

            1 aR

        
C2
 

=:IEMoft+

 

   Similar to the detern'tination ofB2  given by Eqs. 9-il5,

theconstant C2 canbeobtainedasfo11ows:

                       Fb(VD)

              
C2
 

=

 (vfteCaRTZR)T)l )"2 
'

and  pzl isthesolutionofthefo11owingequation:

                   *C7  S

         (cl -c2)C2Vk 

-
 +(cl  

-1)PCR
 
-ctlR

 =  O

   In addition,

                    trIR* +c2c24C2

                Cl ==  '

                       clvl'eCt

   The  decision rules  and  optien  values  in the research

stage  can  be summarized  as  shown  in Figs. 1""2 respec-

tively,

4. ANAI;YSES  AND  DISCUSSION  ON  A  CASE  STUDY

   Tb test the model,  one  RDA  project proposal from a

govemment-timding  agency  of  Thailand was  selected. The
project involved research  and  development of  a  medical

product, which  has a  Iong product life cycie.  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  oftime  required  to
complete  the research  and  development stages,  4) the ex-

pected retum  from cash  flow, 5) the weighted  average  cost

ofcapitai  (WACC) and  6) the disclosure fee and  the royalty

rate  are collected, The  probabilities of  achieving  research

and  development stages, denoted byPrk and  Plorespec-

tivels are needed  to determine the values  of  the key vari-

ables. In the present study, the values  Pbt and  Pib are

arbitrarily set to O.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  P:d at the begirming ofthe  acquisition  stage,  At this

point, the firm has another  option  to sell  the patent to other

firrns, 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 detcmiined by three approaches:  (1) the proposed
model  (the option  approach  with  patent decision); (2) the
option  approach  proposed  by Perdue, et ai., (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  accerding  te the

comhined  stochastic  process (Eq. 2), Once the option  value

at the conmiercial  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 te 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  fiow ( Z4 ) and  the expected  total investment

( JR,ID,In ). The NPV  decision rule  is to invest in the pro-

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

   While the base model  applies  the combined  stochastic

process (Eq. 2) and  option  approach  only  in the acquisitien

stage, our  proposed model  applies  Eq, 2 te describe the
changes  in project values  in all three stages, In addition,  it
differs significantly  from the base model  by the incorpora-
tion of  nrarket  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 abandenment  decided
by  the base model.  When  the optimal  decision is to post-
pone, the same  analysis  is rqpeated  in the  next  time period
with  the updated  matket  uncertainty.

4.1 Comparative and  Sensitivity Analyses

   [[letble 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  S 19,920 Baht which  is the
net present value  ofpayoff  VA -Jx fromthe  investment in
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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 decisiens decided by the proposecl model

and  the base model  for the development and  acquisition

stages are contingent  and  shown  in parentheses. Meving
backwardly  to the beginning of  project investment, the de-
cision  suggested  by the proposed model  to ifivest in the
research  stage  is significantly  different frem the abandon-

ment  decided by the base model  and  the NPM  despite the
same  payoff' in the acquisition  stage. In the base modei,

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 fbrmer takes the results of
the research  and  development stages  into account,  while  the

NPV  does not. This situation  is often  referred  to in the  rear

option  literatures (Dixit and  Pindyck, 1995; 1994; Luehr-
man,  I998; Perdue, et  al., 1999) as  the managerial  flexibil-
ity. As  a  result,  the NPV  can  underestimate  the RDA  project
by the value  ofoption  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.

makes  i;b(Vb)  linearly increasing as PrD increases from

O.436 to 1.e. The  value  32,823 of  Fl](Vn) shown  in rfable
t and  the dashed-line in Fig. 3 is detennined by the base
model  with  pre-specified PrD  ==  O.5. Since it is smaller  than

the threshold  of  investment for all yalues  of  PrR,the  opti-

mal  decision is, then, not  to invest in the research  stage,

even  though the research  stage  has 10e%  success  rate.

Based  on  the abandon  decision, Pbe(Y)?) is consequently

zero  for all values  of  PrR, XKle can  regard  that the optien
values  of  the research  and  development stages  in the base
model  are  very  sensitive  to the probabiiity of  success  asso-

ciated  with  each  stage.

2SOOOOO2000000
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Table1Otimaldecisionsandvalues
Optimaldecis,ionand
yalueatthebeglnningProposedMethodBaseinoclelNetPresentValuePV>

theacquisitionstage(Invest)519,920(lnvest)519,920Abandon519,92e

thedevelopmentstage(Invest)6S2,099flnvest)32,823 Abandon235,S90

theresearchstage Invest47t,197Abandono Abandon-29.332

   The probability of  success,  Pri, plays an  irnportant

function in valuing  the R&D  stages  by  the base model.

Once the option  value  Fh(PZd) is determined, the expected
values  of  preceding stage$  are obtained  through a declsion
tree by using  Pr? and  the investment cost  li in stage  i.
The option  values  of  the R&D  stages  determined by the

base model  are  as  fo11ows:

        Fb(Pb)=Max[PrD"Eg(PZa)-JD,O],and

     F)? (YR ) =:  Max[PrR 
'
 Fb  (Pb ) - IR  

,O]
 
,
 respectively,

   For example,  given FL4(PCA) andJD,Fig.3  shows  the

solid-lined  threshold of  investment as  a  function of  the

probability of  success  fbr both R&D  stages. The optimal

decision rute decided by the base model  is to invest in the
development, if E4(V)i) (matked by the dotted-line) is

greater than  the threshold  of  investing (PrD 2O,436),  or

otherwise  to abanden  it. The optimal  decision to abandon
the investment in the development stage  decided by the

base model  over  the range  [O, O,436] of  PrD also  refiects

the zero  values  ofFZ,(VD),  while  the decision to invest

           O,1 O.2 O.3 O,4 e,5 O.6 G.7 O.8 O.9

                   ProbabltityofSuccess

Fig. 3 Thresholds of  investment by the base model

F.(V,,)

4.2 Simulation Experiment End  Analysis

   Since the optimal  decisions decided by the propesed
model  differ from the other  two  decisions, we  fhrther
evaluate  the effectiveness  of  the proposed model  and  its
decision, applying  the Monte  CarIo 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 preject value(YR  and  K4)
during the first 3 years, the time required  to complete  the
research  stage. At  the beginning of  the  development  stage,

the optimal  decision is deterrnined fbllowing the proposed
medel  with  the updated  market  uncertainty  and  project
value  at the end  of  the research  stage,  If it is eptimal  to in-
vest  in the clevelopment stage,  the project vaiue(VD  and

Pk ) is allowed  to stochastically  change  for another  2 years
to cornplete  the development stage.  But if the optimal  deci-
sion  at the development stage  is to postpone the investment,
the decision is made  again  ncxt  year with  the updated  mar-

ket uncertainty.  [fo avoid  the postponement indefinitelM the
decision is set  to abandon  the project if the postponement
decisions occur  twice  consecutively.  At  the begimiing ofthe
acquisition  stage, if the optimal  decision is to invest, the
updated  project value  (the updated  Pk ) is allowed  te sto-

chastically  change  for another  1O 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  O.025% is quite low when  compared  with  tota],
investsnent costs  of  this RDApreject, However, as  indicated
by the certainty  levei 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

2eO%  of  the total investment,
   At  this point, it should  be noted  that the expected  rate of

returri or  the value  of  drift term (a) of  the geometric
Brownian motion  in the cembined  stochastic  process (Eq.
2) is set  in the sirrrulation experiment  to be the riskrfree rate.
As  a  result,  a  S p; the discount rate  (See more  detail in
Dixit and  Pindyck, 1995), When  the drifted preject 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, howeveg expected

thatthe  actual  growth  rate  ofthe  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
decisien to invest in this project is perhaps more  womhwhile

than  the decision to abandon  as suggested  by the base
model  and  NPM
   Based  on  the combined  stochastic  process (Eq. 2) of  the

geometric Brownian motion  and  Poisson process, three
situations  in which  the preject value  can  evolve,  namely

upside,  downside  andjump  situations, occur  in SOO reptiea-

tions. The  first two situations  occur  according  te the stan-

dard deviation ( ±ff ) of  geometric Brownian  motion,

whereas  thc last case  happens according  to the  meaii  arrival

rate ( ,1  ) of  Poisson jump downward process, The standard

deviation ± a  makes  the preject value  fluctuating around

the  expected  rate  and  consequently  the  profit fiuctuating as

evidently  shown  by its standard  deviation of  350,832 in Fig,
4, The upside  situations happen if the project value  changes

fo11owing the  upside  uncertainty  (+a), Tbe  efTect  of  high

uncertainty  to the prefit is indicated by the maximum  vaiue

of  1.6 million.  I'he downward situations, however, happen
if the project vaiue  is evolved  according  to the downside
uncertainty  (-if) indicating some  failure. The additional

Poisson jump process to zero  in any  stage  does arnplify  the

project failure, evidently  fbund in the loss figures. Howeveg
the less under  these circumstances  would  normally  be lim-
ited te the investment cost. The first 30%  percentile of  5ee
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 lefi-hand side

of  Fig, 4. Especially, the second  bar on  the left rnaxks  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  NPVL
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   It may  be worthwhile  to note  that this case  study  is one
of  a govemment-funding agency,  a non-profit  organization.

The  preject invelved the research,  development and  acqui-

sition of  a medical  product, and  its rnain  objective  was  to

substitute  the imported by iocally made  products. This in-
direct benefit is not  included in our  analysis  of  the expected
cash  flow, and  therefore, the prejection of  return  and  value

of  patent sales  is lower than usual. In practice, this RDA
preject was  implernented 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 technicai stages  of  the
RDA  preject investment, the method  is to evaluate  alE val-

ues  embedded  in this RDA  project, namely  the value  of

postponement  option  created  by the market  uncertainty,  the
optien  value  of  fo11ow-on investment created  by  the teclmi-

cal uncertainty,  It was  shown  that the option  values  deter-
mined  by the proposed model  have the pesitive correlation

with  the technical and  market  uncertainties,  Nevertheless,
they  effect  the investment decision in conflicting  ways.

With the model  developed here, the RDA  preject in the
R&D  stages  seems  more  attractive  and  accelerated  by the

high teclmical  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  ai., (I999), [[he option  model

suggested  for the investment in the project, while  the other

  Itt ttttttt tl
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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-
hayior. Our  analyzes  found that although  the project value
and  decisien in each  stage  depencled on  the level of  uncer-

tainty, they  were  less sensitive in the proposed  option  model

than in the base model  of  Perdue, et aL,  (1999). Although
the simulated  results  also  showed  the small  average  payoff
ofpreject  investment, there  existed  more  than 50%  chance

that the investment could  lead to a  positiye payoff and  even
in a  large amount,  while  the loss was  Iimited oniy  to diffbr-
ent mvestment  costs, The small  mean  payoff was  indeed
mainly  contributed  by (1) the lower value  of  stochastic  up-

ward  trend or growth rate  ofproject  value  than the discount
rate, and  (2) the downward  trend andjump  of  the combined

stochastic  process used  in the model.
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