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JUSTIFYING ELECTRONIC BANKING NETWORK EXPANSION
USING REAL OPTIONSANALYSIS

Abstract
The gplication of red options analysis to information technology investment evaluation problems recently has been
propcsed in the IS literature by Dos Santos (1997), Kambil et a. (1993, Kumar (1996, Chaasani et a. (1997), and Taudes
(1998. Thereseach reported onin this paper ill ustrates the value of applying red options analysisin the cntext of a cae
study involving the deployment of paint-of-sale (POS) debit services by the Y ankee24 shared eledronic banking retwork
of New Engand. Inthe murse of so ddng, the paper also attempts to operationali ze red options analysis concepts by
examining claimed strengths of this analysis approadh and balancing them against methoddogicd difficulti esthat this
approadh isbelieved to involve. The research employs aversion of the Blad-Scholes option-pricing model that is adjusted
for risk-averse investors, showing tow it is passble to oltain reliable values for Y ankee24's "investment timing option",
even in the bsenceof amarket to priceit. To gather evidencefor the existence of the timing option, basic scenario
assumptions and the parameters of the adjusted Blad-Scholes model, a structured interview format was developed. The
results obtained using red options analysis enabled the network's senior management to identify conditi ons for which entry
into the POS debit market would be profitable. These results also indicaed that, in the ésenceof formal evaluation of the
timing option, traditional approacdhes for evaluating information technology investments would have produced the wrong
recmmendations.

Keywords. Bladk-Scholes model, investment dedsionmaking urder uncertainty, eledronic banking retworks, POS
debit systems, projed investments, I'T investment evaluation, option-pricing models, red options.

ISRL Categories. AKO101Financial Models, AM Economic Theory, DBO3 Finance, EFO7 IS Investments, EIO1
Evaluation Methods, EI225 Strategic Impads, HBO5 Banking IS, HB11 Financial |S.



JUSTIFYING ELECTRONIC BANKING NETWORK EXPANSION
USING REAL OPTIONSANALYSIS

"When you makean initial investment in aresearch projed, you ae paying anentry feefor aright ...
To me, all businessdedsionsare options."
-- J. Lewent, CFO Merc & Co., in aHarvard BusinessReview Interview, (Nichols, 1994).

"1 havebemme mnvinced that it istime to revsit the usefulnessof NPV andto reconsider just how much
stockwe warnt to placein it. ... For most investments, the usefulnessof the NPV rule is sveely limited.
If modern financeisto havea practical andsalutary impact on investment dedsionmaking, it is now
obligated to treat all major investment dedsions as option gricing problems.”
-- Stephen Ross Yale University Sterling Professor of Economics and Finance, in a keynote
speed to the 1994 Financial Management Association Annual Meding.

1. Introduction

The gplication of option pricing models (OPM ) to information technology (1 T) investment evaluation problems recently

has been propased in the information systems (1 S) literature by Dos Santos (1991), Kambil et a. (1993, Kumar (1996,

Chalasani et al. (1997), and Taudes (1998. These papers make astrong case for new methods, in additi on to traditional net

present value (NPV) or discounted cash flow (DCF) approaches, and espedally inlieu of leaving herd dedsions that senior

managers faceregarding I T investment to experienced intuition. Benaroch and Kauff man (1999 are the first to follow up
on these propasals. They examine the theoreticd basisfor applying OPMsto IT investment evaluation aswell astherange
of evaluation situations where various OPMs can be gplied in light of their underlying assimptions. Moreover, they

ill ustrate the feasibilit y of using a spedfic OPM, the Black-Schaes model, to analyze ared deferral option on the

deployment of point-of-sale (POS) debit services by the Y ankee24 shared eledronic banking retwork of New Engand.

Y et, to date there has not been a study that truly teststhe daimed strengths of OPMsin the mntext of IT evaluation
problems, whil e balancing these strengths against the methoddogicd difficulties that OPMs are believed to involve. The
neeal for such astudy isfueled by the expansion of work on red options along two fronts. On one front, the businessworld
started to serioudly attempt to apply OPMs. For example, in a Harvard BusinessReview interview, the Chief Financial
Officer of Merck & Co., discusses ways her firm evaluates R& D projeds intended to yield new drugs by applying OPMsto
abandonment, growth and investment staging options embedded in these projeds (Nichols, 1994. Trigeorgis (1996
provides other examples of how these models are goplied to red-world businessinvestments, including natural-resource
mining projedsinvolving deferral, abandonment, and expansion options.

Along another front, recent empiricd studies have begunproviding evidencein favor of usng OPMs. Inasurvey
of how financia officers ded with flexibility in capital appraisal, Bushy and Pitts (1997, p. 169 found that "Very few
dedsionmakers samed to be avare of red option reseach but, mostly, their intuiti ons agreed with the qualit ative
prescriptions of such work." Axel and Howell (1996 offer stronger results based on alaboratory study with 82 experienced
managers from large Briti sh companies. The study found that managers unaided by OPMstended to overvaluered options,
althoughtheir valuations did not differ sigrificantly from those produced by these models. While this gudy suggests that
managers can dedde in amanner anal ogous to OPM s without having leaned these models, it also shows that the least
overvaluation tendency was among managers from the oil and pharmacaiticd industries, two industries already usingred
option modelsin capital budgeting. Overall, the study indicates that OPMs are adequate for formali zing managers intuiti on,
and that famili arity with these models can improve the vauation of investmentsinvolving options.

Inthislight, the present paper seeksto evaluate and operationalizerelevant red options analysis conceptsinthe IS
context. Relativeto our ealier paper (Benaroch and Kauffman, 1999, the intended contribution of this paper isthre€old.
1. Wepresent the cae study detail sbehind Y ankee24's I T investment in POS debit services (the examplein (Benaroch

and Kauffman, 1999), describe the structured interview used to oltain from Y ankee24's senior management evidence
that enabled usto analyzethisinvestment from ared options perspedive, and subsequently use the analysisresultsto
offer case study insights edfic to el edronic banking service deployment dedsion-making.

2. Weput to ared test the daimed strengths and wegknesses of the Bladk-Scholes model, to show the pragmatic value of
applying thismodel to redistic I T investment evaluation problems. We spedficdly focus on two traits of the model.
Onetrait concernsthe investor'srisk preferences asaimed. In (Benaroch and Kauffman, 1999 we explained the
eonomic basis for the risk-neutral valuation (defined later) of the Bladk-Scholes model being valid in the cntext of IT
investments embedding options, even in the asence of amarket for IT investments. Y et, some reseachers and
praditi oners continue to claim that this model would tend to overvalue options becaise dedsion-makers are usualy



risk-averse. Subsequently, we investigate the extent to which this claim appliesto the analysis resultsthat the Bladk-
Scholes model produces for our case, by adjusting these results for risk-averseinvestors. The seaond trait pertainsto
sengitivity analysis. In (Benaroch and Kauff man, 1999 we presented the Blad-Scholes partial derivativesasa
powerful sengitivity analysistod. We scrutinizethis claim in the antext of our case, showing that the use of partial
derivative analysis must be largely supplemented by the use of conventional simulation-based sensitivity analysis.

3. We examine methoddogicd isslesinvolved in using OPMs. We discussfadors that must be caefully analyzed before
an IT investment dedsion like the one we study can be cat asared options analysis problem (what kind of optionis
involved, what is the option's underlying asst, where does the option come from and at what cogt, etc.). We dso assess
the daim that the estimation of certain option parameters (e.g., variability of the option's underlying asst) involves
major difficulties, and thus present pradicd guidelinesthat can help to all eviate those daimed dfficulties.

The rest of this paper is organized asfollows. Sedion 2 introduces the fundamentals of OPMs and then explains

why these models can be gplied to IT investments embedding options. Sedion 3 discuses preliminary case study detail s

that enable the reader to understand the nature of Yankee24'sIT investment dedsion and the need to apply red options

analysisto thisdedsion. Sedion 4 analyzes Y ankee24's investment dedsion from ared options perspedive. It outlinesthe
structured interview we enducted with Y ankee24's snior exeautivesin order to oltain detail s for framing the dedsion asa
red deferral option and to elicit parameter values for the OPM used. It also presentsthe analysis results and examines the
ability of partial derivative analysis conceptsto deliver useful investment dedsionmaking gudance Finaly, it offersa
retrospedive interpretation of why the recommendations that our red options analysis yielded would have been well suited
to what acdually happened in Y ankee24's markets. Sedion 5 concludes with a discusson of the primary contributions of
thisresearch, and revisits me methoddogicd is3ues that warrant additional i nvestigation.

2. Pricing Real IT Investment Options

We next review the mncepts underlyingred options analysis, and the fundamental models for analyzing projed investment
dedsionsinvolvingred options. We dso dscussthe e@nomic rationale underlying the use of option pricing modelsto the
evaluation of IT investments embedding red options.

2.1. Value of Managerial Flexibility and Projed Evaluation M ethods
Reseach on red options ks to addresscriti cism concerning the inadequacy of traditional capital budgeting methods for
evaluating a projed that off ers management the flexibilit y to take adions which can change traits of the projed over time
(Dixit and Pindyck, 1994. Theterm flexhility is"nothing more (or les9 than a description of the options made avail able to
management as part of the projed” (Mason and Merton, 1985 p. 32). Thisflexibility adds value to the passve NPV of a
projed, where one has asaimed that no in-projed adions are passhble to affed its expeded value outcomes. It changesthe
probabilit y distribution of projed payoffs asymmetricdly, by enhancing the upside patential or reducing the downside risk.
This corresponds to the notion of an active NPV, whose expeded value trgjedory is controll able by management. Figure 1
ill ustrates these changes and provides examples of spedfic red options that cause them. Red options off ering in-projea
flexibility are termed operating ogions. They differ from so-cdled growth options whose value stems from future
investment oppatuniti es that they open up. For more badkground information on red options from the capital budgeting
literature, the reader can seeTrigeorgis (1996, Amram and Kulatil aka (1999, and Dixit and Pindyck (1994).

Figure 1: Asymmetry of the probabili ty distribution of projed payoffswhen real operating optionsare involved

Examples Examples
EXPAND: ahility to scale up a project investment when ABANDONMENT: ability to abandon an orgoing project
market demand for products or services produced by the investment and to dred salvageable resources to
project appeasto be building alternate more valuable uses
DEFERRAL: deferring a dedsion to invest in one IT instead DEFERRAL: ahility to defer a project until a new less
of another (e.g., Windows vs. 0S2) may alow buying costly technology is proven feasible, without losing the
into emerging standards investment opportunity

LEASING: ability to outsource a project in order to
"transfer” therisk of project failure

probability distribution of the passve NPV
robability distribution of the active NPV

~—___ contribution o the

real option
Option enhances the upside potential by possbly opening Option reduces the downside potential by possbly
future project investment opportunities, thus pushing lowering the projed's cost and/or fail ure risk, thus pushing
upwards the right tail of the probability distribution of the downwards the left tail of the probability distribution of
investment outcome the investment outcome

Two approaches commonly used to evaluate investments are DCF (NPV) analysisand dedsion tree anadysis
(DTA) (seeFigure 2). Besidesthe theoreticd reasons for these goproacdhes beinginadequate for investmentsinvolving



options (Benaroch and Kauffman, 1999, a pragmatic question is: why can't they be adapted to such investments?

The key problem with adapting DCF analysisisthat it can evaluate only adua cash flowsthat aprojed is expeded
toyield. DCF analysis does not explicitly recgnize that managerial flexibility has avaue equivalent to a"shadow", non-
adual cash flow. Such flexibility isborne by the presence of embedded options and it all ows management to adjust traits of
the investment (timing, scope, scde, etc.) to changing environmental conditions. Even if DCF analysis were to consider this
shadow cash flow, or option value, risk-adjusted discounting remains aproblem. Because the risk of an option is not the
same asthat of adua cash flows, and because thisrisk changes as afunction of time and the uncertain size of adual cash
flows, it is neither possble to predict the option risk nor find arisk-adjusted discount rate that appliesto it.

DTA provides a significant conceptual improvement over the way DCF analysis handles options. A dedsion
treeshows the expeded projed payoffs contingent on future in-projed adions that management can take over time (e.g.,
abandon an operational projed at timet, if the salvage value of resources used exceals the payoffs arriving after t). As
the treerepresents eat adion as adedsion node, corresponding to an option, evaluating the projed requires working
badward from the future to the present, to caculate how much the presence of these ations addsto the projea value.
This approach yields useful results only once poar treebranches are pruned. Pruning means finding out how embedded
options alter the range of expeded payoffs and then adjusting the discount rate to recognize the changein risk (or
variability of payoffs). Unfortunately, DTA provides no dred basisfor discourt rate adjustment (Bredey and Myers,
1988 p. 228). Only with aproper modificaion involving an estimation of the investor's (management) utility function
DTA could be alequately applied to projeds embedding options (see[Smith and Nau, 1995 for detail ).

Figure 2: Comparison of common capital budgeting evaluation approaches

probahility
I investment
Eva uate aprojed investment Cost (%) value (V-X)
Goal: embedding ared option, by (project
2 incorporating information about expenses)
the asymmetric distribution of
expected payoffs.
$
Evaluation Approach Workings and Concerns
. probatility Calculate the projed's NPV based onadual expeded cash flows and an
Dl(sjcounted (;Iag" flow appropriate risk-adjusted discount rate.
and NPV analysis
Contribution of DCF and NPV methods do not seethe “shadow” cash flow borne by an
“shadow” cash flow embedded option (in-projed flexibility). Even if these methods were to be
adjusted, no single risk-adjusted discount rate auld be gplied to this
$ “shadow” cash flow because its cash flow changes as afunction of time

and the uncertain nature of actual cash flows expeded from the projed.

Decision tree analysis
Evaluate the branches, prune unattradive branches, and caculate the

no (wait) projed’sadive NPV based on the remaining branches.

O outcome node
Once the treehas been pruned, it is hard to find a proper risk-adjusted

D decision nock (option) invest? discount rate that refleds the change in the dispersion (variance) of
outcome.
prured branch
Option pricing analysis probatility Calculate the passive NPV using a discount rate that ignores the upside

potential, and add to it the value cntributed by the enbedded option.

Contribution of A difficulty isin choosing the gpropriate option pricing model to match
thered option the key elements of the investment being analyzed. And, whichever isthe
chasen model, it is necessary to identify the extent to which key

t $ asuumptions of that model are suitable in the scenario being analyzed.

Red options analysis grives to complement the other two approades, in light of the difficultiesinvolved in
adapting these goproaches to investments embedding options. It looks at the adive NPV of aprojed as the sum of the
passve NPV and the value of embedded options. The intuition behind how it evaluates an embedded option residesin
two fadors. First, it models payoff contingencies using a probabilit y distribution function (e.g., log-normal, binomial),
enabling to trandate the presence of an option into expedations of shiftsin this distribution. Second, it replaces the
acdual probahiliti es of payoffs by risk-neutral (certainty-equivalent) probabiliti es, to fadlit ate discounting by the risk-
freerate, instead of arisk-adjusted rate. Thisisequivalent to allowing an analyst to prune unattradive branchesin a
dedsion treewithout having to worry about discount rate adjustment.® However, these fadors raise two isses. Thefirst

L In this snse, real options analysis is an adjusted version of decision treeanalysis, involving a redistribution of probability masses sich that risk is
reallocated in away that allows for discounting by the risk-freerate. This adjustment usually relies on economic aguments that permit for the
appropriate discount rate to be extraded from market information, indirectly through revision of probabilities.



reguires estimating the variabilit y of uncertain payoffs and costs modeled using probability distributions. Asto the other
fador, the validity of discounting by the risk-freerate is questionable when options are not traded in a market. We
return to these issues later, to show that they do not limit the goplicability of red options analysisto I T options.

Inthe rest of this dion we formalizered option pricing concepts based on prior work in finance We focusin
particular on deferral options, because the cae study we present in Sedions 3 and 4involves adeferral option.

2.2. Option Pricing Concepts Applied to Real Deferral Options
The fundamental options are financid callsand puts. A European call (put) on some underlying asst, whose airrent value
isV, givesits holder the right to buy (sell) the st for an agreed exercise price, X, at afixed expiration date, T. For
ingtance, a"Jure 99 cdl" on IBM stock with a $75strike price d owsits holder to buy IBM sharesfor $75 a1 June 15,
1999 Thiscdl isworth exercisingonly if the value of an IBM share on June 15 exceals $75 inwhich caseit is sid to be
in-the-money. Thus, the terminal value of a cdl, or its value on expiration, Cy, is max(0,V:—X), where Vy isthe terminal
value of the underlying asst. An American ogionislike aEuropean option, but it can be exercised at any timet, t<T. We
next focus on European cdl s because they are smpler to understand, and later return to discussAmerican options.

The arrent value of a cdl, C, is partially determined by the volatility (variability) of the underlying asst's value,
g, and the length of time to its maturity, T. Before the option expires, V can go dovn only to zero (downside risk limit) or
up to infinity (unlimited upside patential). Thisasymmetricd distribution of V meansthat, the higher o'is, the greaer isthe
chancethat Vr will exceed X for the cdl to end in-the-money, and the higher isthe cdl value. Likewise, the longer isthe
time to expiration, T, the more chancethereisthat V will rise @ove X, so that the cdl will end in-the-money. So far we see
that C depends on parametersV, X, T, and 0. We will seethat C also depends on the risk-freeinterest rate.

For afirm fadnga projead embedding the right to defer investment, the analogy with afinancial cdl isdired. The
firm can get the value of the operational projed viaimmediate investment, V — X , or hold on to the investment oppatunity.
Thisisakinto a cdl option to convert the oppatunity into an operational projed. The option (oppatunity) offersthe
flexibility to defer conversion urtil circumstances turn most favorable, or to bad out if they are not satisfadory. Itsvalue
corresponds to the adive NPV, equaling the passve NPV plusthe value of the deferral flexibility. The option parameters
are: (1) thetimeto expiration, T, is the time that the oppatunity can be deferred; (2) the underlying asst, V, is the present
value of risky payoffs expeded upon urdertaking the investment; (3) the exercise price X, istheirreversible cost of making
the investment; and, (4) the volatility, o, isthe standard deviation of risky payoffsfrom the investment. WhenV can
fluctuate, the unexercised ogtion (oppatunity) can be more valuable than immediate investment, max(V-X)>V-X. The
value of the option depends on how much the dedsion-maker expedsto lean about the way the vaue of risky payoffs, V,
will evolve due to changes that might occur within the firm or in its environment during deferral. The more uncertainis'V,
the more learning can take placeduring deferral, and the more valuable is the option. Thisis consistent with what the
Finance theory postulates about the dfed of g, the variability of V, on the value of financia options.

Two basic modelsfor pricing financial options are the binomial model and the Bladk-Scholes model (Hull, 1993.
Because these models make simil ar assumptions and thus compute asimilar option value for options maturingin ayea or
longer (Benaroch and Kauff man, 1999, we rely here only on the Bladk-Scholes model to pricethe option identified later in
our case study. The Bladk-Scholes model isa dosed-form formulathat computes the price of a European cdl option for a
risk-neutral investor.? It iswritten as:

_InV/X) + (1 )T
_ = ,

where N([¥is the wmulative normal distribution, V isan urderlying asset that is assumed to be log-normally distributed so

asto refled the asymmetric nature of payoffs from an investment embedding the option (Figure 1), gisthe volatility of V, X
isthe option's exercise price, T isthe time to maturity, and r; isthe risk-freerate. This equation hesasimpleintuition. As

C=VN(dp) - X e TN(d»), ds d>=d;— 0T, 1)

V; = X isthe cdl'sterminal in-the-money value, V - X isthe arrent in-the-money value. To cover the cae that the

cdl might be unattradive to exercise, V and X are weighted by the probabiliti es N(d;) and N(d,), respedively.

In light of the simil arity of adeferral option to afinancial option, we should be aleto apply the Bladk-Scholes
modd tored IT options. Benaroch and Kauffman (1999 suppat this assertion by showing that the e@nomic rational for
the risk-neutrality assumption of the Bladk-Scholes model fitsin the mntext of IT investment evaluation, even thoughmany
IT investments are not traded. However, recdl that one goal of this paper isto examine the impaa of adjusting the risk-
neutral option value cdculated by this modd to the cae of risk-averse investors. This examination is meant for addressthe

2 The Bladk-Scholes model assumes that the option is priced for arisk-neutral investor (who isindifferent between an investment with a ertain rate of
return and an investment with an urcertain rate of return whose expected value matches that of the investment with the certain rate of return). Underlying
thisasaimption isareguirement that VV be an asst that istraded in amarket that presents no arbitrage opportuniti es. Under this requirement it is possble
to construct a portfolio of other traded assts that has the samerisk as V, where return on the portfolio must equal the risk-freeinterest rate, rr. Thisiswhy
the Bladk-Scholes modd trests the option value as afunction of rr.



claim that, because most dedsion-makers are risk-averse, risk-neutral valuation overvalues options embedded in non-traded
investments. Trigeorgies (1996 p. 101) explainsthis claim as foll ows: Managers eval uating an investment that is aubjed
to afirm- and/or industry-spedfic risk not shared by all market investors must discount the option value by a fador
corresponding to the investment's unique risk. Analogoudly, if the asset underlying an option is not traded in limited
supply by alarge number of investors (so that demand for the as<et exceeals supply), the as<t'sreturn rate, a, may fall
below the equili brium expeded rate of return investors require from an equivalent-risk traded asst, a*. The rate of
return shortfall, d =a* —a , necesstates an adjustment in the option valuation. A version of the Bladk-Scholes model
that refledsthisrate shortfall adjustment is:

N0V /X)+(r, =8+9 )T
T |

A simple mnclusion follows. Risk-neutral valuation does not pose aroadblock to implementingred options
analysis using the Bladk-Scholes model. Even for a non-traded underlying asset, we can apply risk-neutral valuation using
the Bladk-Scholes model adjusted by an appropriate rate of return shortfall, 5. Foll owing one of our goals, we later chedk
the impad of adjusting the Bladk-Scholes model by d on the analysisresultsfor the case study presented shortly.

2.3. Option-Based Dedsion Rulefor Investment Timing
Having seen why it is reasonable to use the Bladk-Scholes model in the mntext of red IT options, the question that afirm
must answer for a deferrable investment oppatunity is: For how longto pastpore the investment upto T time periods?

Economists gudy many variants of thiskind o investment-timing problem (e.g., cyclicd demand for goodsto be
produced by adeferrable projed). They use different speddized solution approaches, many of which are isomorphic to the
option-pricing approach (Bernanke, 1983. For example, McDonald and Siegel (1986 study the problem for the cae of
stochastic projed costs, showing that under risk-neutrality and non-stochastic projed costs their model reduces to the Bladk-
Scholesmodel. Likewise, Smit and Ankum (1993 say that the generd investment-timing problem "isandogous to the
timing o exacising d a call option" (p. 242, and thus explain how the simplicity and clarity of red options analysis
enables them to study the problem under various competiti ve market structures.

From ared options perspedive, the intuition behind the evaluation principle for solving an investment-timing
problem like the one we present shortly is asfollows. Holding a deferrable investment oppatunity is equivaent to holding
an American cdl option. At any moment, the investor can own either the option (investment oppatunity) or the st
obtained upon exercising the option (operationa investment). The option parameters are: the present value of risky payoffs
from the investment (V), the ast of making the investment (X), the standard deviation of risky payoffs (o), the maximum
deferral period (T), and the risk-freeinterest rate (rf). Holdingthe option urexercised (postponing investment) for timet has
two competing effeds: V islowered by the anount of foregone cah flows and market share lost to competition, and X is
lowered becauseit is discounted during the deferral period, t. Depending on the magnitude of these two tendencies, the
value of the option exercised at timet, C,, can be higher or lower. If information arriving during deferral indicaesthat V is
likely to exceed ariginal estimates, investment can be justified by the rise in the payoff expeded from investing; otherwise,
theirreversible sunk cost (X) can be avoided by not investing, at alose of only the @mst of obtaining the deferral flexibility.
Consequently, the following dedsion rule leads to the optimal investment strategy, given today's information set.

Dedsion Rule: Where the maximum deferral time is T, makethe investment (exercise the option) at time t*,
O<t*<T, for which the option, C;, is pogitive andtakes on its maximum value.

C=Ve " N(d}) - X e TN(d",), d, = d', =d',-oT, 1)

o :tr:rz)a)T(Ct =Ve™® N(d'; ) - X eT'N(d',), @

where d'; and d'; are defined in equation (1'), and V; equals V lessthe present value of foregone cash flows and market
share lost to competition. Of course, thisdedsion rule hasto be regoplied every time new information arrives during the
deferral period, to seehow the optimal investment strategy might change in light of the new information.

Because the Bladk-Scholes model is suitable for pricing only European options, it is not direaly appliceble
with adedsion rule involving an American deferral option. However, we will seelater a spedfic variant of the Blad-
Scholes model that can be diredly applied with the @ove dedsion rule.

3. A Planning Retrospedive for Point-of-Sale Debit at Yankee24

Inthis edion, we discussthe badkground o shared eledronic banking servicesin relation to Y ankee24, to pave the way
for our evaluation of an IT investment embedding a deferral option. We examine the investment scenario that Y ankee24
faced in determining whether to deploy POS debit services, and conclude by suggesting the dements of the scenario that
make red options analysis a useful evaluation aternative.

3.1. Eledronic Banking and Point-of-Sale Debit

3 This adjusted version of the Black-Scholes model is also used for risk-neutral investors when Jis termed the convenience yield. The convenience
yield is ameasure of the benefits realized from holding an asset (e.g., land) that are not realized by the holder of an option on that asst.



Eledronic banking was ingtituted in the mid-196Gs to fadlit ate the exeaution of financial transadions using credit cards.
Dueto the popularity of this service anong consumers, retail ers rapidly came to accept credit cards on an almost universal
basis. This srvicewasfollowed inthe ealy 197Gs by the deployment of automated teller machines (ATM s).

Later, a"middle ground" service emerged, combining the speed and ease of a aedit card transadion for the
consumer and the low risk of a aedit or ched-freetransadion for the merchant. First Federal Savings of Lincoln, Nebraska
was the first bank to install in 1972ATM-like devicesin supermarkets, enabling its depositors to use plastic cadsto pay in
the Hinky Dinky supermarket chain. The mechanism involved abodk transfer at the bank, resulting in a debit to the
purchaser's acount and a aedit to the merchant'sacmurt. This srvice becane known as point-of-sale (POS) debit. Hinky
Dinky's srvicewas not very successul because it was confined to First Federal Savings depositors. Retailers smply did
not want to ingtall systemswith restricted avail abilit y to their broad spedrum of customers.

Sincethat time, there were more succesgul attempts to establi sh POS debit services. Around 1985 for example,
four major banksin California cllaborated to introducethe "InterLink" payment system. At the time, sincethese banks
held about 50-60% of al chedingacmuntsin California, retail ers, and espedally supermarkets, rapidly adopted the
service Around the sametime, other shared ATM networks observed the anergence of this POS debit payment system,
and began to condider its applicability to their own marketplaces.

3.2. Eledronic Banking and POS Debit Servicesin New England
Y ankee24 (heredter, Yankee), aregional shared eledronic banking retwork, was established in 1983 ty asmall group o
large banksin Connedicut to provide wst-effedive services within Connedicut. Y ankeegrew to include more than 200
member firms. Many member firms deployed their own ATM hardware and software. Others outsourced all ATM
transadion processngto the network. Charges for network servicesinvolved an initial membership fee ad feesfor all
transadions processed through Y ankeés switch. Despite its limited focus on Connedicut, by 1985Y ankeebecane the
largest shared network in New England. Y ankeesubsequently expanded to the remainder of New Engand, experiencing
400% growth in transadionsin 1987 By 199Q its ATM transadion volume had readed about 20 milli on per month.
Table 1 provides additional information about Y ankee ad athers among the largest regional shared eledronic banking
networksinthe U.S. Thisinformation reveds four fads about the 1990time frame. First, the West Coast had the largest
number of POSterminasinstaled by STAR. Seacond NY CE owned about 15% of the POS terminalsin the North East, but
nonein the New England area Third, Yankee &wel had no POS terminalsinstalled in New Engand. Finally, athough
Yankeeis snal i nterms of the number of network cardsit services, thisnumber is dill significant.

Table 1: Overview of theten largest dedronic banking networksin 1990(source: Yankee24)

Networ k M embership Breakdown Network DAe;-IErAy:d ?grsm?ra;
Networ k Date ) . Banks Sls Crgdit Cards ™ onthly ™ onthly
Name Formed Ownership Main Market Unions Transactions) | Transactions)
NYCE 1084 9NYC banks NY, P?ﬂ';‘;%‘d New 298 133 91 165MM (6§§h(/)lill) (_:;'33':/?)
STAR 7184 l7;‘irﬁnsber CA, N\GTA@ER HI, 177 845 249 203MM (slloéi:/?&) (]:_l_ i&ﬁ)
MAC 979 HCn:;mrei:taCtgfp- PA,NJ, DNI|E|,DNY, wv, 472 249 222 175MM (4;;11\3;) (.%l\sjlf\/éll)
Most 7184 zgmber D(\:/'V\\//'Ab'\é’%\j N, 264 73 98 7.7MM (3?_ gﬁiﬂ ) (<.§1\7/|2|\/| )
Pulse 7/181 1’47%””‘2“% TX, OK, LA, NM, AR 1,162 129 185 8.5MM (32;_[’3"('\)/') (_35"’3‘3)
g;?ﬁ‘é 483 ! mber OH, WV'F*,(AY' INMLE 590 126 154 4.9MM (2%313&) (_15,\5",3/')
Yazrlljee a83 740f:1§r£ber CT, ME, v-/:\ RI, NH, 370 o5 275 48MM (23,83’\5/)']'\./') not deployed
Honor 6/83 8 mber FL only 310 92 52 6.7MM (1g.fl\3lﬁll) (_35";?\;1)
Relay 6/82 272:?2“ NG, SCDg ?/] SA' L 105 64 32 6.9MM (13’_'(%;) ot deployed
e || 873 i o 81 31 137 A8MM (1§§13|(13/|) (not ;/gfltable)

In 1987, Richard Yanak, Y ankeés president, first considered supparting POS debit network services. Yanak's
initial perception wasthat thisinvestment in new infrastructure was risky. But, Yanak also viewed POS debit as away for
Y ankeeto expand its franchise in the market, increase its transadions volume and revenues, and thus increase the network's
value to its member firms. In addition, one patentia new businessof interest was applying the POS debit payment system to
the dedronic distribution of food stamps and a host of government welfare benefits.

Given the strategic nature of amove into POS debit, Y anak began buil ding a businesscase that would convincethe
board o diredorsto undertake thisprojed. InYanak'sinitial view, entering this market seemed workable becaise of its
simil arity to the ATM market, which waswell understood y the board of diredors. Both markets have resulted from
societal change in consumer payments mechanisms, and the training concerns and technologicd infrastructure employed are



smilar. Yet, it wasalso clea to Yanak that the ATM and the POS debit markets would dffer in important ways: in terms of
accetancerate, demographics, and investment risk.

3.3. POS Debit ServiceStartup Timing a Yankee The Justification Issues

Entry into the POS debit businessin 1987was not without risk, athoughit wastechnicdly feasible, could have yielded
revenues ealy on, and would have aeaed entry barriersfor competitors. Before makingadedsion, Yanak had to andlyze a

number of key variables and their relationships (seeFigure 3).
Figure 3: Variablesrelevant to Yankeés evaluation of POS debit deployment
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The expeded revenues depended on the market acceptancerate, the market share lost to competition, and the
extent to which these revenues might deviate up or down. Relative to the variability of revenues, whil e the expeded
revenues could turn out dightly worse than those generated in Californiauntil 1987, they could turn out to be much higher.
For example, the cmnsumer acceptancerate and the adoption rate by retail ers might rise, and the government might dedde &
any time to start delivering welfare benefits eledronicadly.

Onthe mnsumers' side, it was necessary to understand when sufficient customer demand for POS debit services
would emerge. Cadlifornia offered arelevant analogy —the consumer accetancerate was assuimed to parallel the onein
Californiauntil 1987. POS debit services were quite successul, as siggested by the number of terminals deployed and
transadion volume processed by STAR, for example (Table 1). Still consumer acceptancewas considered dow. Between
1985and the end of 1991about 10 milli on transadions were exeauted in California by a population base of 15to 20miilli on
cad holders. While mnsumers were becoming aware of the benefits of using plastic cadsat ATMs (e.g., to make hill
payments), a dea cdl for POS debit services had not yet appeaed inthe market. Debit cardswere initialy lessattradive to
consumers than credit cards, sincetransfer of funds to the merchant was not pastponed by the no-interest, end-of-the-month
billi ng cycle. Nonetheless network exeautives and industry consultants broadly believed that the adoption rate of POS debit
serviceswould paralle that of ATM services, abeit in amore ompressed timeframe. It took 15to 20yeasfor ATM
adoption to runits course; acceptance of POS debit services was expeded to occur over a5-8 yea period.

Retail ers adoption rate is another revenue-related concern. Unlike in the ATM businesswhere dients are bank
depasitors, Y ankeés POS debit dired clients are retail ers for which cash and chedks (and lessoften, credit) are the primary
payment vehicles. These retail ers had to make substantial investments (e.g., in networking and training cashiers), unlikein
the ATM world where the entire investment is borne by the banks. Whil e this meant that the investment required by Y ankee
and its member banks would be relatively small, effedively shifting much of therisk of theroll out to the retail ers, it caused
many merchants to hesitate, resulting in spotty geographic coverage of POS debit servicesin California. Y ankeefaced
another hindrance alegidation in Massaadhusetts, which includes about 50% of the New Engand population, required
retail erswho participate in POS debit servicingto be subjed to state banking department scrutiny. This meant that
Massachusetts retail ers might be slower to adopt POS debit services. Somewould adopt ealy on. Others would wait until
the prosped for a changein the law arose, as legidators begunto seethe value of POS debit to consumers. And, some
would wait until POS debit services proved profitable enoughto justify being urder state banking department scrutiny.

The primary retail ers Y ankeeidentified were supermarkets, gas gations, and convenience stores. More financial
transadions are exeauted in supermarkets than in any other retail arena, and the mgjority of the transadions are paid in cash.
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At thetime, New Endland had about 100 supermarket chains, with the largest 21 selling realy 75% of al groceries. Gas
stations and convenience stores also used cash as the primary mode of payment. Y ankee etimated that there were bout
250000such retail ersin New Engand who had the infrastructure in placeto processcredit card transadions eledronicaly.
This additional market was expeded to exhibit alower volume of transadions per merchant, though in aggregate, it was
large and would grow significantly.

On the mst side, Y ankeehad to consider the st of creding the telecommunicaion infrastructure, personnel
training costs, and advertising costs. These mstswere expeded to be relatively low, because the ATM infrastructure ads as
a ommplementary asst to POS debit capabiliti es. (Additionaly, the marginal operating costs per transadion were estimated
at zero for the transadions volume expeded over the time horizon considered.) Yet, Yankeés stuation in New Engand
posed some problems. First, the network was growing rapidly during 1987, as Y ankeemoved to expand its operations into
other New England states. This required substantial financial resources not avail able to Y ankee & thetime, pladngastrain
on the small network management staff. Second it seamed that member banks in New England would be reluctant
participantsin an ealy roll out of POS debit, given the marginal returns. They would balk at incurring the @sts of planning
and aggressvely promoting the services to retail ers who would use the POS debit servicesto garner theincome. But in
1987and 1988thefinancia servicesindustry throughout the region (and el sewhere) was under stress Many banks were
increasingy choasing to exit from non-core banking businesses (e.g., insurance red estate, etc.) which posed risks that
often led to red losses.

AlthoughY ankeés snior management was convinced of the gred potential of the POS debit market, their
prevaili ng attitude was that 1987was probably not the best time to enter this market. Thisview was suppated by the fad
that, in 1987, Y ankeés principal patential competitor, New Y ork Cash Exchange (NY CE) shared eledronic banking
network, had not yet signaled itsintent to enter the POS debit market. Moreover, it would take NY CE at least threeyeasto
build up the necessary infrastructure. It was believed that Y ankee ould time the launch of POS debit services 0 asto get
rapid acceptance by retail ers and rapid growth in transadion volume, and to forestall the competiti on from maeking serious
inroads into Y ankeés patential merchant base.

Y anak concluded that: the longer Y ankeewaited to enter the POS debit market, the greaer the chancethat entry
would pay off. Whil e waitingtoolong could mean losing gound to the ampetiti on, it had the benefit of resolving some
uncertainties. By waiting Y ankee ould seeif the environment would become more favorable, and whether the POS debit
experiencein other regions of the U.S., such as Texas and Florida, would peralel California. Moreover, in the meantime,
eff orts could be made to lobhby for a change in Massachusetts law, encouraging more rapid adoption by retail ers.

4. Debit Card Service Deployment Dedsionmaking: A Real Option Perspedive

Inthis sdion we gply red options analysisto Y ankeés investment dedsion and assessclaims concerning the main
benefits and drawbadks of this analysis approach. Wefirst discussmethoddogicd isales involved in establi shing the
suitability of red options analysisto Y ankeés stuation and in €li citing relevant information for the analysis. We next
explain how the primary findings of our analysis are derived as well as examine how sensitivity analysis cgpabiliti es can be
used to supplement these findings. The primary analysis findings indicae two major conclusions: (1) immediate entry by

Y ankeeinto POS debit servicesinvolves anegative NPV, and (2) the value of the deferral option Y ankeepossessed
suggests entry in threeyeas. These nclusions agreewith the ad¢ual dedsion that Y ankeés senior exeautive made & the
time based on "guesgimates’. Finaly, we discussimplications of these findings for Y ankeés management.

4.1. Study Methodology Issues

Based on the preliminary case study detail s provided in the previous ®dion, it seemsthat in 1987Y ankeehad the flexibility
to pastpone the entry dedsion, akin to having ared deferral option on an investment oppatunity. Provided that Yankee
indeed pcssessed such an option, ared options approach would have brought ease ad conceptual clarity to Yankeds
investment analysis. Management's experience suggested that the expeded payoffs from a POS debit roll out would be
asymmetric, and their high patential variability would be the key to making the right dedsion. Hence red options analysis
could have helped to structure expedations about the future in away that matched the thinking of Y ankeés management. In
the same spirit, it could have permitted conducting sensitivity analysisin away that matches Y anak's intuiti on, by allowing
to frame changes in expedations about payoff driversin terms of the payoff variability that might be encountered (rather
than in terms of changesin the possble payoff levels, their probability, and the respedive discourt rate used).

On this premise, our next step was to establish a structured interviewing format based on a strong questionnaire
that would enable usto cast Y ankeés investment dedsion asared options analysis problem, identify a suitable option-
pricingmodel, get all model parameters, obtain proprietary and publi ¢ data, trianguate with diff erent people in the firm, etc.
Theinterview included two parts.

4.1.1. Part 1. Establishing the Existence of Yankeés Option

Thefirgt part of the interview gathered evidence needed to establish the existence of Y ankeds deferral option and its nature.
It included over 10 questions aimed at gauging the strategic importance of entering the POS debit market, the fadors that
allowed Y ankeeto wait, the fadors that required Y ankeeto wait, and what Y ankee expeded to gain by deferringentry. The



11

primary finding that emerged from this part can be summarized by the answersto threekey questions.

One question is: what kind of option did Y ankeepossess? Y ankeepossessed an American deferral optionon a
dividend pajing asst. The asset underlyingthis option is the potential stream of revenues from an investment oppatunity
that will materializeonly once Y ankee aiters the POS debit market any time starting 1987, where the dividends are the
revenues lost duringthe time Y ankeedeferred entry into this market.

Another question is: where did the option come from and at what cost? Unlike afinancial option that is purchased
for a cah feg Yankeeobhtained its deferral option at no dred cost. Generally, afirm could oltain adeferral option at no
cost if it facesno credible cmmpetiti ve threa of loosing the deferred investment oppaturnity (Dixit and Pindyck, 1994. This
isclealy truein the cae of amonopdy. In case of aduopdy, the option exists for the "leader” among two competitors
who made indired investmentsin buil ding yp over time managerial competencies, reputation, 1T infrastructure, etc.; if there
isno clea leader, bath firms may have the option, but only the first mover would enjoy its full benefits. Y ankeeoperated in
aduopdy, where it maintained aleadership pasition becaise of prior investment inits ATM network infrastructurein New
Endand. Asthisinfrastructure ads asa mmplementary asst to POS debit cgpabiliti es, Y ankeepossessed most of the
resources needed to enter the New England POS debit market in 1987 The only viable mmpetitor, NY CE, did not show
any intent to enter this market at that time, in part, because it ladked the necessry infrastructurein New Engand. Hence as
far as projed valuation dedsion-makingis concerned, Y ankeés only option cost was the oppatunity cost of delaying entry -
- the revenues lost during the deferral period -- and a negli gible oppatunity cost borne by the dim risk of losingthe
investment oppatunity to NY CE (which counter to expedations might ad eali er than expeded).

Thethird question is: where did Y ankeds option value come from? The option value stemmed from Y ankeés
beli ef that it could resolve some of the uncertainties concerning acceptance of POS debit services. Yankeehad the aility to
wait and lean more éout the investment, to be aleto better assessit and subsequently avoid it if the expeded revenues
turned aut to be unattradive. Yankee ould passvely observe how the POS debit businessevolved in other parts of the
country, and it could adively try to lower the risk of expeded revenues (e.g., lobby for a change in Massachusetts' law).

4.1.2. Part 2: Choasing aPricing Model andEliciting Model Parameters

Upon predsely charaderizing Y ankeés deferral option, the seaond part of the structured interview aimed at €li citing
relevant information for analyzing Y ankeés stuation from ared options perspedive. In preparing the questions for this
part, we had to sort out several methoddogicd issues that would enable usto answer such questions as:
*  What option-pricing model to useto evaluate Y ankeés deferral option?
e What kinds of evidencewould be needed to establish the primary assumptions for the anadysis?
*  How should we dicit relevant information concerning model parameters, espedally concerning variances?
e How should we cmbine publicly avail able badground information with interview information?

Starting with the choice of mode, it was clea that the Blad-Scholes model cannot be used dredly becaise
Y ankeés deferral option is American and on adividend payingasset. But, one variant of thismode, cdled Black s
approximation, isrelatively smple and acaurate in pricing such an option (Hull, 1993 p. 235). For the smplest case,
Blad<’ s approximation asaimes the existence of an American cdl that matures at time T, where the underlying asst paysa
dividend Dy at timet, O<t<T. To find whether an ealy exercise & timet is more profitable, the Bladk-Scholes modd is used

to cdculate the prices of European options that mature & T and t, denoted CTE and CF , and then the American priceis st

to maxCf,CF). Tocompute CF , the value of the underlying as=t in Equation 1' must be V; -- V lessthe foregone
dividend D discounted for the period T-t. Thisprocedureis easily extended for the cae of Y ankee in which there ae a
number of dividends corresponding to the cah flows lost during a deferral period spanningtime O to timet. Respedively,
looking for the optimal deferral periodin Y ankeés case requires olving Equation 2 for Ctﬁ , hamely:
C/ = max(max(C{,Cr))
t=0..T (3)
= max(max (i, N(d'y ) = X e *N(d',)), (Vre™ N(d' ) = X e TN(d",))
t=0...
In this equation, d'; and d', are defined in equation 1', and V, is defined as:
V, =PV(cfy...cfy,r) = PV(cfy ...cf,, r) = PV(cf,,; ...cfr 1), (4
where cf; denotes the cah flow expeded at timei and r isthe risk-adjusted discourt rate (that DCF analysis would use

ignoring the deferral flexibility). As Equation 3 and Figure 4 show, compared to DCF analysis, Blad's approximation also

involves onetrivia parameter -- r; -- and two more difficult to estimate parameters -- o and &.
Figure 4: parametersused for investment evaluation using Black's Approximation
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Calculated using DCF analysis Calculated using Blad<’ s approximation
— A A —
Pasdve NPV = COE > CtE = Active NPV
7 (option value exercised
i at timet, O<t<T)

X -- exercise price (investment cost).

r -- risk-adjusted dscount rate (that
NPV analysis would use ignoring
the deferral flexibility).

V, -- dl expected cash flows, cf; ... cf,
discounted by r.

V, -- cash flows expeded after timet,
cf,,, ... cfy, discounted byr.

T -- option’ s time to maturity.

o -- volatility of V. g/
r,-- risk-freediscount rate. /
0 -- rate of return shortfall (adjustment 5

for arisk-averseinvestor).

We next had to reved information for estimating the model parameters, assuming that the adual entry would occur
any time dter mid 1987 Wefirst focused on the parametersinvolved in the DCF analysis precaling red options analysis --
X, V,r,and T (seeFigure 4). The findings that emerged from the interview are stated in terms of the major assumptions that
Y ankeemade, aslisted in Appendix A and briefly summarized below.

Onthe mst side, there were two dmensions of entry. Firgt, interms of X, Yankeésinitial investment in the
technicd implementation would be relatively small -- around $40Q000-- compared to a non-participant in the ATM
network businessin New Engand. Seand, aperiodic (operational) discretionary marketing expense on POS debit
promotion would be relatively low -- about $40,000ayea -- until resources were shifted away from promoting ATM
services, once stable growth had been achieved.

Eliciting information for estimating V involved gquestions concerning estimates of expeded revenues and the basis
for those estimates. Accordingto Y anak, the New England POS debit market was considered similar to the California
market (but smaller). Based on thisasaumption, all estimates of expeded revenues and their growth rate were produced.

Y anak felt that, starting from scratch, Y ankeds POS debit transadions volume would grow over a 5-yea term to about 50
milli on per yea in 1992 where eab transadion would generate ébout 10¢. This contrasts with a 1992volume of about 40
milli on ATM transadions, built up over a10-yea period.

The next parameter wastherate, r, for discounting costs and revenues. 'Y ankeés management agreed that,
ignoring the enbedded deferral flexibility, the risk charaderigtics of investingin POS debit services are simil ar to those of
other eledronic bankinginvestments. Thus, to compute the passve NPV, we could use adiscourt rate of r=12%0, which
approximates the rate used for cgpital budgeting of other eledronic bankinginvestments at the time.

Finaly, asto the investment time horizon, T, the following emerged. First, Y ankeelooked at the period between
January of 1987and June of 1992 corresponding to a 5%z yeas analysis horizon. Seand, from the moment Y ankee aiters
the POS debit market, it takes one yea to begin servicing customers and for revenuesto start arriving. Thisimpliesa
maximal deferral periodisfour yeas-- from January of 1987until January of 1991

As eenin Figure 4, red options analysis (using Bladk's approximation) requires information concerning three
additional parameters--r;, g, and 8. Of these parameters, only the last two are hard to estimate.

To dicit information for estimating o, we aked about the distribution of revenues (i.e., normal, skewed to the high
or the low side), the perceived variance of potentia revenues (if there were any) linked to uncertainties that might be
resolved, the range of the potential revenues on the highand low ends, etc. Considering only dired quantifiable revenues,
the answers to such questions would have permitted usto predsely estimate o using schemes like the ones simmarized in
Appendix B. However, we dso had to consider future patential revenues from businessoppartuniti es that were not
percaved to exist in 1987 hut could be spawned by growth options embedded in Y ankeds investment; for example, the
posshility that state governments would start using eledronic paymentsto deli ver welfare benefits was one indication of
how large the non-tangible benefits could be. Whil e information about such non-tangible benefits helped usto better
understand Y anak's gut fedings about the POS debit business it was not sufficient to enable usto quantify these benefits
and predsely estimate 0. Y anak nonethelesswas able to say that, given the passble sizeof indired revenues aswell as
uncertainties linked to the dired revenues (Figure 3), and espedally the one mncerning the Massachusetts market, the
variability of expeded revenues could be as highas 100%. Eventually, because we wuld €licit quantifiable estimates only
for dired revenues, we dedded to try the foll owing approadh: first use 50% asan initial plausible value for g, and then use
sengitivity analysisto seeif the analysisresults are robust to changes of o within the lower and upper bounds Y ankeés
management assgned to . Only if the analysis resultsturned aut not to be robust to changesin o would we be forced to
find new ways to €li cit more information for predsely estimating 0. This approach made sense because it enabled us to
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proceal and get a sense for the potentiall y significant impad of non-quantifiable revenues.

Asto J, the rate shortfall adjustment for risk-aversion, this parameter is even more difficult to estimate than o.
In principle, one way to estimate dis based on the utility function of Y ankeés management. However, given our goal,
we felt it was not necessary to estimate d for one reason. Sincethe options theory from Finance shows that the value of
cdl optionsisrelatively insensitive to changesin discount rates (Cox and Rubinstein, 1985, our intuiti on suggested that
sensitivity analysisis a goodway to chedk whether the results of risk-neutral valuation are sufficiently robust to cover
the cae of arisk-averse deasion-maker. The analysis results reported shortly confirmed our intuition.
4.2. AnalysisResults
With the &ove information, we were ready to apply red options analysis to the investment dedsion Y ankeefacal in 1987,
The analysisresults for immediate entry in 1987 can be summarized based on the figures cdculated using DCF analysis (see
Appendix A). The passve NPV isnegative (-$76,767), so immediate entry is not worthwhile. Moreover, what-if
sengitivity analysis results show that the passve NPV remains negative even when the discourt rate, r, drops from 12% to
8%. Thisresult suggests that, even using alower discourt rate that "artificialy" refleds alower investment risk due to the
upside patential of revenues, immediate entry is not worthwhile.

This brings up the key question Y ankeefaceal: How longshoud entry into the POS dehit market be postponed?
We anphasizethat this question isrelevant even for apositive passve NPV. For instance, when the discourt rate dropsto
7%, to equal the risk-freerate, the passve NPV bemmes pasitive & $7,069, suggesting that immediate entry isworthwhile.
Evenif 7% were aredistic discourt rate, r, the red options analysis results we present next clealy show that deferring entry
is more worthwhile. The same holdsif a positive NPV isobtained as aresult of expandingthe analysis horizon (beyond the
origina 5Y¥2 yeas horizon) to acount for additional paositive cah flows expeded past June 1992

For adeferred entry, we used the same assumptions, except that the investment is made ay time between mid
1987and ealy 1991 The sametime horizon of 5¥2 yeasis used to refled that the analysisis performed for the 1987time
frame s well. We caculated the option value for diff erent exercise dates ranging from zero to four yeas at sx-month
intervals. The upper part of Table 2 shows the results computed using Blad’ s approximation, assuming risk-neutrality
(with &=0%). These results can be summearized asfoll ows.

* Thevalueof thedeferral option exercised at maturity T=4, asif it were aEuropean option, is CTE =$65300

»  For deferrals between 1v2to 3v2 yeas, the value of the option, CtE , asif it were European and it could be exercised at
any timet<T, isgreaer than CF .

* Thevalueof Yankeés American deferral option is CtA =$152955 Thisvalue crrespondsto the optimal deferral time

of t=3, a which max(CF,CF) reatesits maximum for any t<T.

Table 2: optimal investment time and sensitivity analysis data
t (length of deferral period in years) 0 0.5 1 15 2 2.5 3 35 4
Calendar time Jan.87 | July87 | Jan.88 [ July88 | Jan.89 | July89 [ Jan.90 | July90 | Jan.91
Black-Scholes Parameter Values
Vi (Vo lessrevenueslost during waiting) | $323233| $342216] $360083| $376230 $389207] $395566| $387,166| $344813] $223294

Xt (discounted investment cost, Xo) $400000 $393179 $386473 $379883 $373404] $367,036| $360777| $354625 $348577

Vi— Xt ($76,767)| ($50963)]| ($26391)| ($3652| $15803 $28530, $26389 ($9,812)|($125281)]
Risk-Neutral Valuation -- Black’s Approximation Results for 6=0%

CE (option maturing at T) $65300

CE (option maturing at t) $0| $32024 $66093 $96830 $123786| $144565 $152955 $134873 $65300

Max(CTE , QE) $65300 $65300 $66093 $96830| $123786] $144565ENEPARYY $134873( $65300

Remmmended deferral time (years) 0.5 1.0 1.5 2.0 2.5 3.5 4.0

Risk-Averse Valuation -- Black's Approximation Results (of Max(Cr, C)) for 0< d<ry.

J (rate of return shortfall)

0% $65300  $65300 $66,093] $96,830 $123786( $1445658NBYARE] $134873 $6530(
4%| $47228 $47,228 $65868 $96418 $123164) $143721) $151892 $133643[ $64223
7% $36656) $36656] $65408 $95570| $121877] $141967 $149684 $131115 $62119

What-If Analysis Results (for Max(Cr , Ct))

Jr (discount rate for cdculating \t)

7%| $119108 $119108 $120839 $156110[ $186092 $208795 $217870] $198158 $119104
10%| $84139 $84139 $84932 $117765 $146085 $167,723 $176433 $157693 $84139
12%] $65300] $65300 $66093 $96830 $123786] $1445658IRPACI $1348731  $65300

o (volatility of expected revenues)

10% $0 $457 $9070  $27161f $47747 $64253 $67803  $43562 $1,467
4% $0|  $22613 $51884 $79573 $104369 $123562 $130857 $112586( $47,617
4% $0| $31073 $64679 $95117 $121859 $142481] $15Q769 $132682 $6355(
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50% $0[  $32024  $66093 $96830 $123786] $14456 J IR  $134873  $65300
51%] $0|  $32977 $67506] $98540 $125709 $146643 $155134 $137055 $67,044
60%) $0| _ $41608  $80140 $113785 $142824] $165104 $17442d $156255 $8244
1004 $0| _$80041 $133992 $177401] $213036 $239529 $25057d $230032 $141344
Xi (technicd investment cost)
$10000q $223233 $245658 $266937] $286556 $303029 $31289¢ $308118 $269955 $156213
$20000q  $123233 $151005 $179182 $204771 $226529 $24138d $24191d $210894 $112649
$399999 $0|  $32024 $66093 $96830 $123786 $144565 $152956 $134874 $65304
$400000 $0  $32024]  $66093 $96830 $123786 $14456 IR $134873  $65300
$400001 $0|  $32024 $66093 $96830 $123786 $144564 $15295q $134873 $65304
$700000 $0| _ s1739 s$13606] $32321 $53229 $7239 $83943  $76690 $3427§
Market Size Relativeto that of California
20% so|  $5791 $23860 s$45408 66844  $8518 $9528 s$se566] 41524
2% $0| $32024] $66093 $96830 $123786 $14456 $134873  $65304
30%|  $15087] $84490 $126533 $161771 $191228 $212347 $217459 $188644 $92541

Asaimptions

1. Vi— option'sunderlying asset caculated as the present value of net revenues arriving after Y ankee a@ters the POS debit market at any
timepointt, O<t<4.

X; — option's exercise price cdculated as the present vaue of the technicd investment cost outlay (of $40Q000) Y ankeewould maketo
enter the POS debit market at the any time point t, 0< t <4.

o — voldtility of expected revenuesis 50%.

T — maximum deferral period is4 years, from early 1987to early 1991

ri— 7% annual risk-freeinterest rate.

90— 0% rate of return shortfall adjustment for arisk-averseinvestor, hat-if anaysis results are shown for 0 < < r+.)

N

o oA w

These results s1ggest two conclusions, contingent on the information Yankeehad d thetime. First, it isbeneficial
for Yankeenot to wait 4 yeasto enter the POS debit market, so long asthe roll out occurs after the end of thefirst yea,

becaise CF < CF for 1<t<4. Second, optimal deferral timeis 3 yeas, becaise C5' = $152955> C* for dl t23.* The

logic behind these mnclusionsis smple. Recdl from Sedion 2.3 that, for certain expeded values of V the values of the
investment oppatunity (option) and the operational projed (underlying aset) would be equal, and so arisk-neutral firm
would be indifferent between holding either. By the same token, profit maximizing dedsions taken on behalf of the firm's
shareholders would prompt it to undertake the investment oppatunity at that point in time & which the investment
oppatunity -- in this case, the American deferral option -- takes on its maximum value. Alternately, asthe deferral optionin
effed enabled Y ankeeto "buy" information for resolving urcertainties prior to undertaking the investment oppatunity, at a
cost equaling the revenues lost during deferral, it is best to convert the oppatunity into an operationa projed (i.e., exercise
the option) at the time point where the st of information Y ankee ould buy exceeals the value of thisinformation.

To seetheimpad of asaiming risk-aversion, we included in Table 2 what-if analysis results for the rate of return
shortfall, é, changing from 0% to 7%, it upper limit equaling r.. Theseresults $ow that, for adeferral time longer than half
ayeda, the recommendation still holds because the option value drops by lessthan 2% when d goesto its upper limit. Such
asmall changein the option value is explained by the relative insensitivity of cdl optionsto a dhange in discourt rates (Cox
and Rubingtein, 1985. Thiscrucia observation indicaes that the recommendation produced based on risk-neutral valuation
isrobust enoughto cover the cae of risk-averse dedsion-makersin Y ankees case (and probably other cases).

For reasons explained shortly, Table 2 includes other results based on conventional simulation-based sensitivity
analysis. These results, which reflead changesin one parameter at atime, show that the reacommendation to pastpone
entry for 3 yeasisrobust to changesin key parameters. It holds for the discount rate (used to cdculate V) changing
from 12% to 7%, for the variabilit y of revenues changing from 10% to 10®%, for a New England market sizethat is
between 20% and 30% of that in California, and for an investment cost between $200000and $70Q000. Only when the
investment cost is as low as $100000 des the analysis s1ggest postponing entry for just 242 yeas.

4.3. Additional Sensitivity Analysis
Our next step wasto analyzepartia derivativesin the context of the Bladk-Scholes model, to seewhat additi ona useful
results can be ohtained for Yankeés stuation and to assessBenaroch and Kauffman's (1999 claim that these derivatives
offer smple and powerful sensitivity analysis cgpabiliti es. These derivatives measure the sensitivity of a cdl option to
changesin volatility (o), the value of the underlyinginvestment as<t (V), the st to exercise the option (X), the option’s
time decgy as expiration reas (t), and changes in the risk-freerate (ry):

aC . __oC ac ac @

vega:/\za—c, delta=A=—, xi===—, theta=©@=—, rho=p=—-.
0o ov oX ot or¢

4 A conventional NPV-like analysis would suggest that the optimal deferral timeis 2% years, because Vi—X; reaches its maximum value for t=2%.
However, such an analysis would be misleading because the (12%) discount rate used is not adjusted to reflect the upside potential of revenues.
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On the pasitive side, these derivatives do help to answer some questions regarding the dfed of changesin model
parameters on the value of the investment oppatunity. For example, based onideas discussed in (McGrath, 1997), one
guestion could be: what is the maximum pre-investment Y ankeeshould be willi ng to make to ensure that o won't drop by
1% (e.g., due to alower chancefor reguatory changesin Massachusettsin the ladk of lobhying)? This question could be
answered using vega, /\, which tell s us by how much the option (investment oppatunity) value changes asaresult of a1%
changein g, the variance of expeded revenues. Inour case, (assumingt=3, V=$387166for a New Engand market 25%
the sizeof Californias, X=$40Q000, and 0=50%), A=218284 means that an increase in o from 50% to 51% increases the
net value of the deferred investment option by $2,183 (Thisis confirmed by what-if smulation resultsin Table 2.)

We dso found that additional useful results can be obtained based on plots of certain derivatives, athoughthese
plotswould be produced as part of an open-ended investigation of the dedsion situation. For example, the plot in Figure 5
can help to explain why Y ankeés management considered waitingthreeyeas, instead o two o four yeas. We speadlate
that, after about 3 yeas, the expeded value of the underlying POS debit network asset would grow more dlowly than the
value of foregone revenues in the @sence of POS debit roll out.

Figure 5: rate of change of option delta, A, asa function of timeto maturity, t
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On the negative side, upon further probinginto the use of these derivativesin Y ankeés case, we identified two
wegnesses that make these derivatives of limited value. One we&knessistheir ability to yield valid answers only for
guestionsinvolvinga small changein one parameter. Like with what-if analysis, we must assime aspedfic anchor point
(e.g., t=3, V=%$387166for aNew England market 25% the size of Cdlifornia's, X=$400000, 6=50%, and 5=0%). Now,
becaise the derivatives are not linea in their variables, they provide reliable answers only in the immediate vicinity of this
anchor paint. AsFigure 6 ill ustrates, the degreeof non-lineaity can vary and thusimpad the size of error made based on
linea extrapdation. For a change of X from $40K to $50K, extrapdation based on xi, =, would predict adrop o
$33214in the investment oppatunity value, which deviates by more than 14% from the $29,100 dop predicted by numeric
smulation. (Notethat ==—0.33 meansthat a$1lincreasein the mst to enter the POS debit market would cause only a $0.33
net dedine in the investment oppatunity value, as confirmed by what-if resultsin Table 2.) Inthe cae of o, for a change
from 50% to 6%, extrapalation based on A would predict an increase of $21,828in the investment oppatunity value, and
deviate by only 1.66% from the $21,472increase predicted by numeric smulation. However, note that the dashed graphin
Figure 6b becomes highly non-linea under diff erent assumed parameter values (e.g., 30).

Figure 6: senditivity analysisresults obtained using derivative-based extrapolation and using numeric simulation
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When it is not posshle to asauume an anchor point with a high degreeof certainty, the last observation has
impli cations on simulation-based sensitivity analysisaswell. InYankeés stuation, choosing an initia plausible value of
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50% for g amounts to choosing an urcertain anchor paint. In such cases, conducting what-if analysis with resped to
two or threeparameters at atime might reved that the analysis results change for parameter values corresponding to
points not in the proximity of the asumed anchor paoint. Indeed, in Yankeés case we found that certain parameter
values leal to results that slightly deviate from the results reported in Table 2. For example, compared to the ealier
recommendation reported based on the assumed anchor point (i.e., sigma=50%), when X=$20K and d=5%, the
recommendation no longer hold when ais below 15%. Overall, not being able to choase an anchor paint with certainty
(e.g., due to parameter estimation difficulties) requires putting more dfort into sensitivity anaysis.

Ancther wegnessof partia derivative analysisisthat it can provide answers only for parametersthat plug diredly
into the Bladk-Scholesmodel. For example, aquestion that could be redly interestingto Y ankeeis: what would happen if
the assumed New Engand market sizerelative to California's market was 1% larger? Thereisno way to answer this
guestion using derivative analysis. SinceV depends on the market sizerelative to California, delta with avalue of A=0.738
would only tell usthat a$lincreaein V causes a$0.74 net increase in the value of the investment oppatunity. Some
additional computation is needed to producethe result necessary to answer the éove question. A somewhat similar
observation appliestoro, p. Inour case, p=398567 suggests that a +%1 change in the risk-freeinterest rate, ry, changes the
investment oppatunity (option) value by £$3,985 only +2.3% of its origina value. However, even here we must caution
the reader with resped to the réeliability of thisresult. In'Yankeés case, p is not useful by itself becaise we canot expressV

(and X) as explicit functions of r;. Since CtA depends on V,, by knowing p alone we canot say anything about how CtA

would change; a change in r; would also mean changing the discount rate r (of 12%) used to estimate V; based on the cash
flows arriving after entry into the POS debit market (seeFigure 4). Hence, here ayain, some form of what-if smulation
seansmore gpropriate.

Findly, we chedked if the Bladk-Scholes model also suppats bre-even analyss, followingthe daim that it can
derive analyticdly valuesfor volatility that are mnsistent with a given investment oppatunity value (Benaroch and
Kauffman, 1999. Formally, the implied volatility, ¢', is the variance of the underlying asset that is consistent with (or
implied by) the other variables, including the observed market value of the option. Asaimingthat ¢ is unknown and that all
other parameters, including the option value, are given, one should be ale to compute the Blad-Scholes implied volatility.

However, when we gplied this concept to Y ankeds case (using Excd's goal-seeking capabiliti es), someinteresting
guestions arose. Spedficdly, by setting the investment oppatunity value to zero, we hoped to find the minimum volatilit y
level below which deferral need not be mnsidered. But, to find this minimum level in the cntext of Blad's approximation,

should we set to zero the value of the American option ( CTA ) or the European option ( CTE )? and for what time point t,
0<t<4? Setting CTE = 0vyieldsan implied volatility that we could not interpret when the option is American. By contrast,

setting CTA= 0 for the optimal deferral time recommended (of t=3) surprisingly yielded a negative implied volatility,

sugeesting a posshble idiosyncrasy of the Blad-Scholes model with resped to computing implied volatility under certain
parameter values. We ancluded that the ability to cdculate implied volatility using the Bladk-Scholes modd is of no value
inYankeés case (and probably other non-trivial cases).

In summary, our experiencewith Y ankeés case suggests that Bladk-Scholes derivatives cannot easily reproduce
the results produced using simulation-based sengitivity analysis. Nevertheless we must emphasizethat even smulation-
based results are obtained as an integral part of red options analysis. More predsdly, it isthe fad that the Blad-Scholes
modd isa dosed-from formulathat all owsto oktain simulation-based sensitivity analysis results with minimal effort
(compared to, say, the binomial method). Our overall conclusionisthat the aility of Bladk-Scholes model and its variants
(e.g., Blad's approximation) to usefull y suppart sensitivity analysis cannot be discarded or ignored.

4.4. Discusson

How should the option pricing analysis results be interpreted in Y ankeés case? Theresultsindicate that an ealy entry into
the POS debit market is not worthwhil e, and that arational reacommendation would beto defer entry for aperiod o three
yeas. Of course, thisrecommendation is based solely on the information Y ankeehad at the time of the analysisin 1987.
Any new information arriving with the occurrence of events or changes during the recommended deferral period would
require repeaing the analysisto seewhether and how the recommendation hasto be revised.

What is the key benefit from using red options analysisin Yankeés case? The key benefit isthat thisanalysis
generates reliable results, regardlessof whether the passve NPV is negative or pogitive and regardlessof the dedsion-
maker's assumed risk preferences. Moreover, even if the NPV dedsion rule were to be revised to choose adeferral period
that maximizes the passve NPV, the resultswould ill be faulty (seefoathote 4). In thisregard, a comment is warranted
regarding the 5% yeas analysis horizon Y ankeeused. Ashas been argued before (e.g., Trigeorgis, 1996, afirm can amost
arbitrarily choase to shorten or lengthen the analysis horizon, and thus effed the size and the sign of the passve NPV.

Y ankeés case shows that red options analysis yields more reliable results independent of the exad analysis horizon
considered. This benefit generally comes at the st of having to estimate alditional parameters. Estimating these
parametersfor Y ankeés case did not overly complicae the analysis, its results or their interpretation, largely becaise red
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options analysis provides for an easier derivation of meaningful sensitivity analysis results and their interpretation.
However, we reaognizethat this might not be the situation in more complicaed cases.

In light of the @ove discusson, we fed that applyingred options analysisto Y ankeés case iswell justified -- the
results of our analysis can explain rationally the adua adionstaken by Yankee Ultimately, largely based on intuition and
experience, it was dedded that Y ankeewould defer entry into the market for POS debit services. Y ankeemade the movein
1989 hoping to have the POS debit service operationd by ealy 199Q and it was very succesdul in that regard. Y anak
thougtt that the timing was nealy optimal for threereasons. First, the uncertainty asto the accetancerate of POS debit
services eamed significantly lower, sinceby 1989 adamatic growth had begunto occur in California's POS debit market.
Seoond Yankeés ATM businesshad readed a mature stage, freéng p resourcesto push POS debit. Third, and most
important, however, was an urexpeded event in mid-1982 The Food Market Ingtitute, the primary trade association for the
grocery business released a study that clealy demonstrated the benefits of POS debit transadions. The study said that for
retail ersthe average transadion cost per sale was 0.82% of the sale value for POS debit, in contrast to 1.2% for cheds and
2.1%for cash. (Chedksinvolve depasitory handling costs and risk that the writer hasinsufficient funds; cash is sibjed to
mishandling and pilfering, and must be physicdly moved from the supermarket to the bank by seaure means.) The results of
this sudy became the primary tod in educating retail ers.®

Y anak went to Y ankeés board of diredorsin ealy 1989 arguingin favor of rapid entry into POS debit. Yanak's
strategy was to go after the largest 21 supermarket chainsin New Engdland first. By mid-1990Y ankeehad one commitment
from, Hannaford Brothers, one of the largest supermarket chains which dedded to pil ot the servicein nine supermarketsin
Maine and New Hampshire. It took about seven monthsto get the technology in place and the servicewas operationa in
ealy 1991 Yankeés oond major sign-up was Stop & Shop, the largest convenience store chainin New Engand. Stop &
Shop chose to pil ot POS debit in Rhode Idand in order to asdst Yankeein its effortsto persuade legidators that POS debit
was aservicein the public interest. It was hoped that thiswould result in a change of the law in Massachusetts that was a
seriousinhibitor to an ealier rollout. Sincethan, Yankeehas been largely successul in getting the major supermarket
retailers. In 1995 it had about 40 supermarket chains sgned, out of the 100 ogeratingin New Engand.

The growth hes been phenomenal, from no POS debit terminalsin 1990to about 27,000terminasin ealy 1993
That contrasts with atotal of about 4,000 network ATMs, built up since1984 The businessvolume grew rapidly, and is
expeded to continue for the next few yeas. Estimates for 1996were for more than 40 milli on transadions per yea.

5. Conclusion and Future Research

The present paper ill ustrates the value of applying red options anaysisto an IT investment embedding ared operating
option. The major conclusion of our study isthat red options analysis provides a powerful complementary approach for
evaluating red-world IT investmentslike the one in Y ankee24's case. Red options analysis proved suitable for structuring
senior management's view of the strategic value of an investment involving an option, enablingalogicd and intuitive
interpretation of the analysisresults. Moreover, it fadlit ates conducting sensitivity analysis which helpsto probe and
subsequently to understand the nature of an investment in terms that match the way a manager thinks about the problem.

Beyond just ill ustrating the value of red options analysis, our study also investigated several methoddogicd issues
that had to be aldressed in the context of Yankeés case. Wefed that our experiencewith resped to theseissies can help to
make the use of red options analysis more pradicd for senior managers.

One methoddogicd isaue, which arose when our interviewees had some difficulty expressng the variabilit y of
expeded projed payoffs asasingle number, g, isthe need to develop ways to estimate this number. In Yanke€és case,
instead of predsely estimating g, we used an approach that leads us to make our first recommendation.

Remmmendation 1: When it isdifficult to oltain apredse etimate of o (e.g., becaise of non-tangible benefits),
gtart with aninitial plausible estimate of o and use sengitivity analysisto seeif and how the analysisresults change
within the estimated lower and upper bounds of a.

This approach worked well i n Y ankeés case, dthoughit required putting more df ort into sengitivity analysis (seereasonsin
Sedion 4.3). However, are there situations were this approach will not work? Or, isit passble to structure the goproach
better so that it would fit awide range of situations? We referred to aternative estimation schemesin Appendix B. Can
such schemes lead to more useful results? If so, under which circumstances $ould ead scheme be used? More generdly,
thinking of variability as just another word for risk brings to mind Clemons (1991), who showed that IT managers ded
with risk of various forms (functionality risk, projed risk, market risk, etc.). Would linking the variability of expeded
payoffsto spedfic sources of risks present in atarget investment simplify the estimation task?

Ancther important methoddogicd isue we examined pertainsto the notion of risk-neutral valuation. Sincethe
introduction of the red options approach in the IS literature, the risk-neutral valuation of this approach has been criticized as

5 While this event may suggest that o (variability of revenues) could pick at some time point, we assumed a nstant o because the information
availableto Yankeeat the time of analysis did not indicate the possble occurrence of this or any similar event.
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being inadequate for options on non-traded investments (e.g., Kauffman et a., 1993 p. 588). Elsewhere we off ered

emnomic aguments that addressthis criti cism (Benaroch and Kauff man, 1999. Here we used aversion of the Blak-

Scholes model that adjusts for risk-aversion by discounting the value of an option by the so-cdl ed rate of return shortfall, d.

While dis another difficult to estimate parameter, our experiencein Y ankeés case suggests the foll owing recommendation.
Recmmendation 2: If you don't subscribe to risk-neutral valuation, and thus have to estimate the rate of return
shortfall, J, first cdculate arisk-neutral option value using the Bladk-Scholes model, and then use sensiti vity
analysiswith the ajusted Bladk-Scholes model to seehow robust isthe option value with resped to é.

In Yankeés case, even when dis at its upper limit, corresponding to the cae of avery risk-averse investor, the adjusted
model computes an option value that is only 2% lower than the value computed using risk-neutral valuation. Such a small
dropinthe option value is usualy not enoughto change the investment dedsion suggested by risk-neutral valuation. This
conclusion is consistent with what the Finance lit erature postulates about the sensitivity of optionsto discourt rates.

To summarizethe estimation isales, a pragmatic message from our study is that the ladk of exad parameter
estimates is not always crucial. Only when the cdculated value of an investment (plus embedded options) is marginally
positive ae predse parameter estimates necessary. Sensitivity analysis, which is always needed for red-world dedsion
problems, is an eff edtive way to oltain useful and reliable resultsin the dsence of exad parameter estimates.

Relative to sensitivity analysis, another methoddogicd isaue we studied, our experiencewith the Bladk-Scholes
model in Y ankeés case suggests the following. Whereas partia derivative analysis sansto be of little value in
supparting sensitivity analysis, the dosed-from of this model permitsto easily generate useful what-if sensitivity analysis
results. This auggests the next recommendation.

Recmmendation 3: For sensitivity analysis purposes, it is more useful to rely on numeric, simulation-based
analysis cgpabiliti es than on the capabiliti es asociated with Bladk-Scholes partial derivatives.

We must admit that, knowing that partial derivative analysisis much used in the investment arena leaves us with the
guestion: isthere away to make partial derivative analysis more useful in the context of IT capital i nvestments?

Our experiencewith the Yankee cae dso helped to surfaceother important methoddogicd issues relevant to
investments that are more ammplex than the one we presented. Such investments typicdly embed multiple cacading
(compound) options. For example, for some projeds, it is possble to stage the investment, and defer some of the stages,
and abandon the projed before dl stages are mmpleted, etc. Evaluating such projeds requires guidelines for deding
with two related compl exities.

One set of guidelines $ould help to recgnizethe options potentially present in an investment. Our experience
indicates the need for ataxonomy of red IT options that identifies the exad assumptions, conditions and prerequisites
underlyingthe eistence of ead option type. Using such ataxonomy, it should be passble to develop structured
guestionnaires that can help an analyst to identify realily all the options that might be involved in a given situation, and
ohtain the evidence necessary to establi sh the existenceof afew central ones.

Another set of guidelines sould help to identify which of the options patentially present in an investment ought
to be brought into existence throughadditional investment. These guidelines must consider that the cost of creding an
option, kegingit alive and exercisingit could exceed the value that the option adds to the investment. Thisisespedally
true when the value of a compound option involving a series of cascading optionsis small er than the sum of values of
the individual options (see[Trigeorgis, 1996 for details). In this nse, identifying which options are worth creding
also requires using an option-pricing model that isintuitive, flexible, and daes not require managers to understand all of
the medhanics of pricing complex options. So far the IS literature on IT options has examined threemodels. the
binomial, the Bladk-Scholes, and the asset-for-asset exchange models. The Financeliterature off ers other models for
different types of red options (Hull, 1993. In Yankeés case, the choice of model was relatively straightforward. But,
when the investment is more mmplex, identifying the right model to employ requires mapping characeristics of the
spedfic IT option being analyzed to the assumptions that ead model makes (Benaroch and Kauff man, 1999.

In conclusion, we invite the reader to consider the strengths of red options analysisin avariety of IT investment
contexts. To thisend, weill ustrated how the Bladk-Scholes model can be gplied in the cae of an IT investment option,
and we explored the power of its ensitivity analysis cgpabiliti es as an interpretative mechanism for the results. We dso
encourage the reader to consider pursuing some of the issues we identified so that option-pricing concepts and models
beacome more useful and accessbleto IT praditioners and reseachers.
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Appendix A: DCF Analysisfor Yankee24's Immediate Entry

The data gathered using our structured interview with Y ankee24's snior management (seeSedion 4.1) suggeststhe

foll owing assumptions concerning the parametersinvolved in an immediate entry into the POS debit services market:

1. ThePOS debit transadion volume expeded in New Engand is estimated based on the experiencein California,

asaiming that the POS debit New Engand market is 25% the size of the market in California,

e Until the end of 1991the total number of POS debit transadionsin Californiawas around 12milli on, and by the
end of 1992the number of transadions per month rose to 10milli on. These figuresimply a 16% per month
growth rate in transadion volume in California between 1985and 1992 consistent with expert estimates of the
growth rate expeded between 1993and 1996 To oltain the periodic transadion volumein New England, we
applied this growth rate to a base of 2,500000transadions for December 1992 based on the 10,000000figurein
California. The basefigureis discounted badck by the 16% growth rate per month, and the monthly transadion
volumes are gygregated.

The revenue per transadion is 10¢.

The operational marketing cost is estimated at $40000ayea.

Theinitia technicd investment cost is estimated at $400000.

The discourt rate, r, used to compute the passve NPV (ignoring the deferral flexibility) is 12%,

The andysishorizon is 5%z yeas, from ealy 1987until (and including) ealy 1992

Thetimeit takesto begin servicing customers (and receaving revenues) once an entry dedsion is made is one yea.

Based on these asaumptions, Table A.1 shows the (passve) NPV we cdculated for Yankee24'simmediate entry.

Table A.1: passve NPV analysis of Yankeesimmediate entry into POS debit services

NoOakwWN

Year - Number of Operational | Operational Net I nvestment Cash Flows
Month Transactions Revenues Costs Revenues Cost
Jan. 87 0 $0| $0| $0 $400000 ($400000§
July 87 0 $0 $0 $0 $0 $of
Jan. 88 3,532 $353 $20,000  ($19647) $0 ($19647|
July 88 8,606 $861 $20000  ($19139 $0 ($19,139]
Jan. 89 20,969 $2,097 $20,000  ($17,903 $0 ($17,903]
July 89 51,088 $5,109 $20000  ($14389)) $0 ($14891)]
Jan. 90 124,470 $12447, $20,000 ($7.553 $0 ($7,553|
July 90 303258 $30,326 $20,000 $10,326 $0 $10,326
Jan. 91 738,857 $73886 $20,000 $53886 $0 $53886
July 91 1,800,149 $180015 $20,000 $160015 $0 $160015
Jan. 92 4,385877| $438588 $20,000 $418588 $0 $418588
LNPY: ($76767)|
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Appendix B: Plausible Schemesfor Estimating o

Option-pricing models represent the uncertain payoffs expeded from an investment, V, using a probabilit y distribution,
and this requires having an estimate of the variability of V, g. To thisend, the recet literature on red options discusses
several schemes for estimating o based on market data (e.g., Luehrman, 1998 Amram and Kulatilaka, 1999. Here we
summarizeonly afew of the more basic schemes that can be used to estimate o

@

2

©)

(4)

©)

Suppasing that an estimate of V is avail able, a subjedive prediction that VV will deviate by +A% meansthat Aisgin
percent terms (Bredey & Myers, 1988 p. 497). This shemeis draightforward, but somewhat naive. Management
would rarely be aleto dredly come up with an adequate estimate of +A%.

Asaiming that multi ple sets of contingent cash flows exist, ead with diff erent subjedive probabiliti es, let V; be set i of
predicted payoffs. By computing a separate interna rate of return (IRR) for ead V;, o can be the standard deviation of
the omputed IRRs (Copeland & Weston, 1988 p. 426). Compared to the first scheme, this £hemeforces
management to take an extra step that could make the estimate of o more reliable.

If we know the probabilit y distribution of the expeded projed revenues and we can spedfy mathematicdly the
functional relationships between input and output variables, amonte-carlo smulation can be used to estimate o
(Luehrman, 1998. Thus, sincethe variance aciated with the present value of expeded cash flows captures the
uncertainty due to multi ple posshble future outcomes, a monte-carlo simulation of the future outcomes can establish .
Asavariation of the seamnd scheme, this £heme forces management to probe degper into the uncertain reture of Vin
order to produce an even more reliable estimate of a.

Where Sisthe priceof a“twin seaurity” —atraded seaurity that has the same risk charaderistics as (i.e., is perfedly or
highly correlated with) the projed under consideration — bah V and Shave the same rate of return and volatility. Thus,
o can be estimated asthe variability of the rate of returnon S This shemeisreadily applicable in two cases. Oneis
when thereis a publicly traded firm whose primary revenue generating services (e.g., ATM services, Internet
advertising) parall el the services that the target projed would yield to generate payoffs. Another casesiswhen the
primary risk in the target projed isdueto relianceon arisky IT that isthe main product sold by atraded firm (e.g.,
CASE tods, multimediatodls).

Where the sources of projed value uncertainty have been reaognized (technicd risk, competition risk, etc.), we propcse
that o can be plausibly broken down into its components. If r; isone of the risks contributing to the uncettainty of V
and o(r;) denotes the dired contribution of r; to the variance of V, then o can be estimated as:

o(V) =3 :1[U(ri ) ~COV(t;, 1} )iz ]
When risks are not correlated, this equation becomes a ssimple sum of independent elements contributing to the

variability of V, where eab element can be estimated using one of the éove schemes. This shemeislogicd, but it
remainsto be seen whether it is easy to apply in pradice
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