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Abstract

E-learning markets have been expanding very rapfliya result, the involved senior managers are
increasingly being confronted with the need to msigaificant investment decisions related to the
e-learning business activities. The valuation déaning business activities is a challenging task
since it is characterized by rapidly changing bestand technology conditions. In this paper, we
apply ROs (Real Options) to the e-learning investisieevaluation. Given the investment’s
requirements, assumptions and risks, the goal isaximize the investment’s value by identifying
a good way to structure it using carefully chose@sRHowever, ROs models are based on
guantitative analysis and the required input pataraesometimes are difficult to be estimated for
evaluating real life investment opportunities. éd#ion, e-learning investments experience tangible
and intangible factors and the latter can be maidgted by qualitative analysis. For this reason,
we integrate ROs thinking and Analytic Hierarchydétss (AHP) to take into account financial
tangible, intangible and risk factors providing acidion analysis framework. The proposed
framework provides a better understanding of ptejeisks and various intangible factors inherent
in e-learning projects enabling these projectse@éployed more optimum and valued with higher
accuracy. Finally, we apply the proposed modelnredearning case study showing how it can be
formulated and solved.
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1. INTRODUCTION

E-learning is the delivery and management of tewgghraining and learning by electronic means.
Various devices (workstations, portable computeasidheld devices, smart phones, etc.), networks
(wireline, wireless, satellite, etc.) can be usedstipport e-learning (Wentling et al., 2000). E-
learning may incorporate synchronous or asynchrenoommunication, multiple senders and
receivers (one-to-one, one-to-many, many —to meity), multiple media and format independently
of space and time. Recently the e-learning matkate been expanding very rapidly and led to an
unexpected revelation: the forces affecting higidrcation around the world are strikingly similar.
This is true in at least four important areas: exinag enroliments; the growth of new competitors,
virtual education and consortia; the global acgiat many institutions; and the tendency for policy
makers to use market forces as levers for chandpgimer education. Expansion of enroliments,
accompanied by shifts in student demands and eafjp@ts, is a global phenomenon. The number
of tertiary students worldwide doubled in size ustjtwenty years, growing from 40.3 million
students in 1975 to 80.5 million students in 1998Wman and Couturier, 2002).

The valuation of e-learning business activitiesaishallenging task since it is characterized by
rapidly changing business and technology conditidnaditional finance theory suggests that firms
should use a Discounted Cash Flow (DCF) methodotoggnalyze capital allocation requests.
However, DCF does not properly account the flekipiinherent in most e-learning investment
decisions. For example, an e-learning infrastr@cproject may have a negative Net Present Value
(NPV) when evaluated on a stand-alone basis, buiit also provide the option to launch future
value-added services if business conditions arerédole. Real Options (ROs) analysis presents an
alternative method since it takes into accountla@agerial flexibility of responding to a change or
new situation in business conditions. Given theegtment’s requirements, assumptions and risks,
the goal is to maximize the investment’'s value tigntifying a good way to structure it using
carefully chosen ROs. The applications of ROs $& management and investment evaluation of
the Information and Communication Technologies (I@&ve mainly focused on a single and a-
priori known option. However, these options areinberent in any ICT investment. Actually, they
must be carefully planned and intentionally embeéddethe ICT investment in order to mitigate its
risks and increase its return. Moreover, when am I@vestment involves multiple risks, by
adopting different series of cascading options way nachieve risk mitigation and enhance

investment performance.

The proposed framework represents a systematicoapiprto decision analysis in ICT projects
focusing on e-learning business activities. Thareempirical evidence to support the fact that
managers who are aware of some options-like ideas luktter job of managing risky research and
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development (R&D) projects. Also, senior finance@&xives are becoming increasingly aware of
the need to view major risky capital investment®pisons. ROs analysis for risk management and
evaluation of ICT investments has been recentlp@sed in the literature.

The ROs approach applies methods of financial mhanto investment valuation problems. An
investment project embeds a RO when it offers taagament the opportunity to take some future
action (such as abandoning, deferring, or scalipghe project) in response to events occurring
within the firm and its business environment (Taggs, 1996). For example, by taking advantage
of the option to defer the investment for some tilme management can learn whether there are
better alternative technologies (Li and Johnso®220This management’s flexibility (called active
management) to adapt its future actions in resptinattered future business conditions expands an
investment opportunity’s value by improving upsigetential and limiting downside losses
(Trigeorgis, 1996). Business condition either reféo market conditions or firm conditions
depending on where the investment is focusing. &@mple, an investment of an e-learning
infrastructure for providing educational serviceslyoinside the premises of a big organization
mainly refers to firm conditions. On the other haad e-learning application, which mainly focuses
on providing services in the market (by a univgrsir other institution), refers to market
conditions. Most previous research considers lyinvestment that embeds a single and a-priori
known option. However, ROs are not inherent in B2y investment (Benaroch, 2002), and in any
case they are not always easily recognizable (Bya@mt and Esche, 2003). In order to optimally
configure an ICT investment it may require consitgia series of cascading (compound) options
that will help to mitigate risk and enhance ecorooni strategic performance. Previous research on
investment evaluation has applied ROs to ICT, plaaeuticals and petroleum fields (latropoulos et
al., 2004; Mun, 2002). In this paper, we apply R@she e-learning investments risk management
and evaluation adopting the Benaroch’s (2002) fraamk. The target is to configure the investment
using ROs analysis so that the risk is minimizedlevthe economic performance is maximized.
However, ROs models are based on quantitative sisagnd the required input parameters
sometimes are difficult to be estimated for evahgateal life investment opportunities. In addition
ICT investments experience tangible and intandidd¢ors and the latter can be mainly treated by
gualitative analysis. For this reason, we integiRR@s thinking and Analytic Hierarchy Process
(AHP) to take into account financial tangible, mgéble and risk factors providing a decision
analysis framework. The proposed framework provaléetter understanding of projects risks and
various intangible factors inherent in ICT projeetsabling these projects to be deployed more
optimum and valued with higher accuracy. Finallg apply the proposed model in an e-learning

case study showing how it can be formulated aneesol



The remainder of the paper is organized as folldwSection 2, we offer background material on
ROs and how they are related to the e-learningiessifield. In Section 3, we discuss limitations of
ROs and present the Analytic Hierarchy Proces&ection 4, we present the proposed model and
methodology. In Section 5, we apply the proposethoumlogy to justify and extract the optimum
deployment strategy for a specific e-learning istinacture investment. In Section 6, we discuss
about the overall applicability of the methodologgd present key issues for future research.
Finally, in Section 7 we offer some concluding reksa

2. ROS|IN CONTROLLING ICT INVESTMENT RISK

ROs Review

An option gives its holder the right, but not thaigation, to buy (call option) or sell (put option
an underlying asset in the future. Financial oiare options on financial assets (e.g. an opton t
buy 100 shares of Motorola at 80€ per share onalan2010). The ROs’ approach extends the
options’ concept to real assets. A real optioreifsneéd as the right, but not the obligation, toetak
investment action on a real asset at a predetedrdost for a predetermined period of time. The
real option approach to capital investment hasaitiantage to capture the value of managerial
flexibility, which cannot be properly addressedthg traditional discount cash flow (DCF). This
value is manifest as a collection of call or puti@ms embedded in capital investment opportunities.
These options typically include: option to def@nd-to-build option, option to alter operating scal
(expand or contract), option to abandon, optioswatch, growth option and multiple interacting

options.

Spending money to exploit a business opportunitgnalogous to exercising an option on, for
example, a share of stock. It gives the right t&kenan investment’s expenditure and receive an

investment’s asset. RO’s thinking considers tha¢stiment’s asset fluctuates stochastically.

Option valuation models can be categorized in ocootis time and discrete time domains. In the
continuous time domain, the most widely applied etasl the Black-Scholes formula, while in the

discrete time domain it is the Binomial one. Howewentinuous time models are not readily
applicable for practical valuation purposes orgnéion with the models in strategic management
theory, for example in combining game theory andsROigeorgis, 1996). For a general overview
of real option, Trigeorgis (1996) provided an imptlereview and examples of different ROs. For
more practical issues the reader is referred to {2002; 2003). Finally, Angelou and Economides

(2005) presented an extended survey of ROs applisin real life ICT investment analysis.



Risk management with ROs in E-learning business fie

Virtual learning environments are providing teash&ith new tools to manage courses and
curricular resources, to communicate with studemd to coordinate discussions and assessment
tasks. Traditional support services such as libsaare changing dramatically; digital collections a
overtaking physical collections with students beaiile to access their services at any time and
from almost anywhere. Administrative systems suelstadent records are being linked to virtual
learning environments making for a seamless linkegess administrative and teaching functions.

Wiring and internet connectivity have become bussnaitical to the modern university.

New pedagogical approaches are being developedpibatze on the opportunities afforded by
virtual environments and this is necessitating fams of preparation and support for students and
staff. The scope of these developments are exensiey cut across all areas of institutional
functioning and pose significant challenges to semanagers. How are they to make sense of the
range of influence of e-learning developments withieir institution and assess the risks associated
with these developments? What information will hdgcision-makers to make strategic choices
about where to invest, what to invest and how mtechnvest? While some institutions have
invested heavily in technologies to support leagrothers have followed a more cautious approach.
These differences in levels of investment depend oaomplex mix of internal and external factors
— institution’s mission, strategic plan, level etchnological expertise, staff and student skills in
ICT, awareness of the benefits of e-learning arekfgeabout what is possible, available funding,

attitudes to risk, government policy and fundingrmail initiatives.

The valuation of e-learning business activitiesaishallenging task since it is characterized by
rapidly changing business and technology conditida$earning investment risks include firm-

specific risks, competition risks, market risks,daenvironmental and technological risks. For
example, an e-learning project may experience mmaeket risk characteristics while another one
may experience more firm risk characteristics. Atify if a project is focusing more on the open
market, for example e-learning services provided lmniversity, the risks are mainly coming from

the market and the competition field. On the othand, when the e-learning service/product is

focusing more on internal use by an organizatioa risk is more firm specific.

3. ROSLIMITATIONS AND AHP FOR QUALITATIVE ANALYSIS

So far in the literature, the ROs models concemntjtative factors analysis for both benefits and
costs. However, very often an ICT project owns mber of qualitative factors that should be taken
into account in parallel with the quantitative ongsnagerial flexibility, which is expressed by the

ROs analysis, may apply to both quantitative andlitative factors. However, the known ROs
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models take into account only the tangible factbrsaaddition, the estimation of revenues and cost
volatility, used as input parameters in the typwmalions values, can be a very difficult task. Also
the estimation of various risk factors contributiton the overall uncertainty level (technology,
competition, demand uncertainties etc.) may nopdsible. For example, the customers demand
uncertainty may be quantified by estimating its tabation in the overall investment volatility,
while the contribution of the technology and firmmapability uncertainty to optimally exploit
investment benefits may not. By adopting quali@tianalysis we can model some of the
uncertainties “clearness” inherent in the investimepportunity that cannot be quantitatively

estimated and included in the overall projects Ndha

Benaroch (2002) provided a method for estimatirg dlaerall investment uncertainty (volatility),

which can be broken down into its components (eugtomer demand uncertainty, competition
uncertainty, technology uncertainty). However, ¢éisémation of each component of the uncertainty
may be impossible. We may extent this work by abersing that some of the overall uncertainty’s
components may be treated as qualitative factolslewhe sources of uncertainty that can be
quantified and included in the estimation of them project volatility can be integrated in the

typical ROs models.

Several conceptual and practical issues emerge Wwiiag to use in business practice the options
theory as proposed in the current literature (Rerekel999). An important barrier to the successful
implementation is a general inability to reliablptimate cash flows that are enabled by
infrastructure investment. Existing models for optivaluation assume a certain distribution of the
resulting cash flows, based on an efficient maxketnother appropriate indicator of expected

returns. However, this is only rarely the casenmdontext of investments in the ICT business filed

which is known for its uncertain and unpredictalblesiness conditions. It has been further
recognized that finance-oriented option valuatiordeis are too complex for managerial decision
making practice. In addition, after the ICT markidisralization the required competition modeling

has increased the existing options models. Optibesry in its present state does provide a
conceptual decision framework to evaluate the prakcons of an investment but in many cases it

cannot be considered as a fully operation toohfanagement.

Hence, in many cases it is much more feasible, Isingnd faster to apply what could be called

“option thinking” in the context of risk control @ an option can provide for a specific investment
opportunity. This means that alternative options ba designed, categorized, and examined for
finding the optimum combination of them that mamagat intuition will recognize the most

promising in terms of risk mitigation.



We enhance the ROs analysis by adopting qualitadivalysis for estimating the risk control
between the various deployment alternatives fornaestment, which may contain a number of
ROs. We introduce the AHP methodology and constispecific decision analysis model. One of
the key factors behind choosing AHP is the valad &HP places on a decision maker’s inputs and
the crucial role these inputs play in the decisiwaking process. Additionally, AHP is capable of
integrating both qualitative and quantitative crdeinto the decision-making process. Finally,
through the pair-wise comparison process, the AEgbuhposes large and complex decisions and
allows the decision maker to focus his attentioreach criterion. To our knowledge this is the first
time that the ROs and AHP are integrated into ansomdecision analysis framework regarding e-

learning investment decisions.

A brief AHP presentation and literature review

AHP is a multi-criteria decision analysis technigue aims at choosing from a number of
alternatives based on how well these alternatisés against a chosen set of qualitative as well as
guantitative criteria (Saaty and Vargas, 1994; falerjans, 2005). AHP is developed at the
beginning of seventies to tackle complex, multiveal, political and economic decision problems.
Using AHP it is possible to structure the decigmablem into a hierarchy that reflects the values,
goals, objectives, and desires of the decision-nsakihus, AHP fits to the strategic investments
problems and the framework of this study. The madvantage of the AHP approach is that
different criteria with different measures can lasiky transformed into a single utility measure. As
input, AHP uses the judgments of the decision ngakbout the alternatives, the evaluation criteria,
the relationships between the criteria (importaneey the relationships between the alternatives
(preference). In the evaluation process, subjectigkies, personal knowledge, and objective
information can be linked together. As an outphg goal hierarchy, the priorities of alternatives
and their sensitivities are reached. Regarding elesrof AHP application to ICT problems, Bodin
et al. (2005) proposed the AHP method to deterntivee optimal allocation of a budget for
maintaining and enhancing the security of an ogion’s information system. Hallikainen et al.
(2002) proposed an AHP-based framework for theuatmn of strategic IT investments. They
applied the principles of AHP to compare a numbérindormation Technology investment
alternatives. Tam and Tummala (2001) formulated a@molied the AHP to select a vendor for a
telecommunications system. Lai et al. (1999) apptize AHP to the selection of a multimedia
authoring system. Kim (1998) used the AHP to meadhe relative importance of Intranet

functions for a virtual organization. Santhanam &umares (1995) applied the AHP to evaluate



various Decision Support Systems. Finally, Roper&and Sharp (1990) used the AHP for the

selection of a computer operating system.

4. THE PROPOSED MODEL-METHODOLOGY

Next, we present a methodology that helps to addresquestionWhat is the amount of flexibility
embedded in an ICT business activity? How can wé&alofirm, market and competition risks so as

to configure the business activity in a way to mige risk and increase investment performance?

The proposed model contains three perspectiveandial tangible factors (FTF) perspective, risk

mitigation (RM) perspective, and intangible fact@ife perspective.

Financial
Tangible Factors
Perspective

Company
Business
Plannin¢

Risk Mitigation .
Factors S Intangible
Perspective* Factors
Peranectiv

Figure 2. The proposed model — three perspectives

Financial Tangible Factors Perspective

The financial perspective evaluates how a companmygeeting though financial measures. For the
valuation of financial perspective, we may adopiditional accounting techniques such as Net
Present Value (NPV), Return on Investment (ROIl}enmal Rate of Return (lIR) and typical

guantitative ROs analysis. In this work we focustloa ROs itself and adopt the work of Angelou

and Economides (2007a) for the quantitative anslysi
Intangible Factors (IF) perspective

Intangible factors are difficult if not impossible, quantify in absolute monetary terms, but they a
still important to the decision making process.tiealarly, ROs analysis itself brings to the
“surface” a number of factors that cannot be qdiadti at least easily, by existing ROs models and
methodologies. Fichman et al. (2005) called therteqg@l pitfalls of option thinking for risk
management and investment evaluation. We integisdete of them in our analysis, in order to
achieve a balance between risk control achievedpbipns adoption and other issues influencing
the overall investment’s deployment strategy amtilng the options thinking applicability.



Among others, not all investments can be dividet istages implementing stage and expand
options. Sometimes a firm should consider an imaest as a whole entity, such as when external
funds must be raised or when co-investment froneroarties is required. Another issue is that
stakeholders may prefer all at once funding to iobt@aximum control of the investment and have
SO more time to get a troubled investment backracktbefore facing a next track of justification.
We introduce this possibility in our analysis bynswmlering the intangible factorCapability-
Interest of staging the investmeé(SI).

In the ROs literature, investment opportunities wnan advance, based on initial infrastructure
investments, are treated as growth options. Foestienation of their values, the compound option
models are utilized. However, telecommunicationngloinvestment opportunities in reality can be
hardly defined during the decision phase (Benar@002). For this reason, we model qualitatively
the existence of growth investment opportunitiebjclv are based on investments in previous

phases of a firm’s business activity and cannatdiaed quantitatively in advance.

Concerning growth options, the main challenge esdlffficulty of estimating their values (due to
ambiguity of future cash flows) and uncertainty atbthe appropriate value for option model
parameters. We name this intangible option facsofna clarified growth optioris(NCO). Also,
building in option to abandon or contract operatim@y concern intangible costs related to
credibility and morale. We model this possibility the intangible factor cost of scaling down
operatiori (CSO). Finally, a potential pitfall of switch-usmotion is that it can add extra time and
expense to the development of the initial inform@atcommunication technology platform in order
to change from shadow to real option. Creating ¢jpison (making it real) usually involves making
the ICT platform more generic and modular for afitag higher flexibility, experiencing however
higher cost. We model this issue as intangibleofacamed €ost of systems flexibility-modularity
(CSF).

Another factor that can be integrated in a futuknis the higher uncertainty clearness-control
(UC) during waiting period. In our model, we coreidhe amount and type of uncertainty control
achieved by each of the portfolio’s projects. Wendd want to substitute the UC achieved by the
ROs analysis and quantified by the volatility ok tetochastic parameters, such as investment
revenues V and one time investment costo@, c¢). However, the overall uncertainty of an
investment opportunity cannot be easily quantifiedr example, the uncertainty of customers’
demand may be quantified by estimating its contrdouto the overall investment’s volatility, while
the contribution of technology and the firm’s urte@r capability to optimally exploit investment

benefits may not. By adopting qualitative analysis,can model some of the uncertainties inherent



in the investment opportunity that cannot be quainely estimated and included in the overall

investment’s volatility.

Benaroch (2002) provided a method for estimatirgdaberall investment’s uncertainty (volatility),

which can be broken down into its components @gtomers’ demand uncertainty, competition’s
uncertainty, and technology’s uncertainty). Howewude estimation of each component of the
uncertainty may be impossible. We may extend thoskvby considering that some of the overall
components of the uncertainty may be treated agapiae factors, while the sources of uncertainty
that can be quantified and included in the estiomatf the overall volatility can be integrated into

the typical ROs models. Angelou and Economides&BP@rovide an extensive discussion of these

subjects.
Risk Mitigation Factors Perspective

Risk management strategies are oriented towarasifigilag different types of risks, assessing their
relative importance for the project, and implemegstrategies for managing risks (Kumar, 2002).
Risk management actions can be viewed as beingvoftypes. The first is oriented towards
reducing the degree of risk; for example, a majuree of uncertainty in IT projects is the
uncertainty regarding the scope or specificatiohthe project. This can be partially resolved by
interviewing multiple stakeholders. However, simis cannot be completely eliminated, a second
type of strategy oriented towards hedging riskisnigortant. Risk hedging strategies are insurance-
like ones oriented towards minimizing the negatpact of risk, when the associated uncertainty
is resolved over time. For example, specificationartainty in IT projects may be due to uncertain
business conditions that may be resolved as theeqtroprogresses (Kumar, 2002).
Telecommunication risks can be placed into threlegmaies (Benaroch, 2002; Brautigam and
Esche, 2002):

e Firm-specific risks are due to uncertain endogenous factors (endogerwu technical

uncertainty). They could be the result of uncettaabout the ability of the firm to fully fund a
long-term capital-intensive investment, the adeguddahe firm's development capabilities to a
target investment, the fit of the target applicatwith various organizational units, etc. These

factors affect the ability of the investing firm $accessfully realize an investment opportunity.

e Competition risksare the result of uncertainty about whether a citgr will make a pre-
emptive move, or simply copy the investment androup on it. These risks give rise to the
possibility that the investing firm might lose partall of the investment opportunity.

e Market risksare due to uncertain exogenous factors that adfeety firm considering the same

investment (exogenous or market-related uncertfpinfhese risks could be the result of
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uncertainty about customer demand and prices ®pthducts or services, a target investment
yields, potential regulatory changes, unproven b#iias of a target technology, the emergence
of a cheaper or superior substitute technology,sandn. These factors can affect the ability of

the investing firm to obtain the payoffs expecteaht a realized investment opportunity.

Research on technology investment’s evaluationrsikdnanagement recognizes that ROs thinking

emphasizes the sources of risks inherent in suagstments and contributes to risk control.
Life-cycle of investment opportunity ROs

The lifecycle of an investment starts at the inigpstage. During this period the investment exists
as an implicit opportunity for the firm that can fagilitated by a prerequisite investment (Figuye 2
The firm possesses a shadow option. During thegreton stage, call “Wait-and-See” (WaS)
period, the investment is seen to be a viable dppiy. The opportunity can be treated as a RO.
The building stage follows upon a decision to utaler the investment opportunity. In the
operation stage, the investment produces direct rmadsurable payoffs. Upon retirement, the
investment continues to produce indirect payofisthie form of spawned investment opportunities
that build on the technological assets and capigsilit has yielded. When these assets and
capabilities no longer can be reused, the investmeathes the obsoleteness stage. Each stage of
the investment opportunity is relevant to a nunmdfesperating and growth ROs, such as option to
defer, stage, lease, expand (Benaroch, 2002).dds®n is that each type of RO essentially enables
the deployment of specific responses to threatsoamtihancement steps. In addition, each stage of

the investment is also experiencing a variety skgi

Inception Recognition Building Operation Retirement Obsolgtenes
stagr stagr stage stagr stage stage

SR TR TR S

Types of | Competition Competition, Competition, Competition,
risks Market Market, Market, Market
Organizational Organizational
Existence | Shadow Real investmel [ Opportunity Operation of
form investment opportunity realization implemented
opportunity opportunity

Source of | Shadow option | Strategic Growt | Operating Option | Operating option

value /Operating optiol

Type of Option to Defe | Stage, pilot, lea' | Contract, expand,

RO investment and outsourc | outsource, abandc
options operations options

Prerequisite investmen[>

Figure 2. Types of risks and ROs arising at different stageke investment lifecycle

For controlling these risks we can adopt a numben@stment modes:

Future (spawned) investment opportunities
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Defer investmento learn about risk in the investment recognititege. If we do not know how

serious some risk is, the option defer investment permits learning about the risk by awqgi
information passively (observe competitor movesien® emerging ITs, monitor regulatory actions,
etc.) or actively (conduct market surveys, lobby fegulatory changes, etc.). Sulgarning-by-
waiting helps to resolve market risk, competition risk, ardanizational risk. Apparently, the

greater the risk, the more learning can take placd,the more valuable is the deferral option.

Partial investmenwith active risk exploration in the building stagewe do not know how serious

some risk is, investing on a smaller scale pertaitactively explore it. Three options facilitate
learning-by-doing that is, enable gathering information about tlmen's technological and
organizational ability to realize the investmentcassfully. The option tasstage investment
supports learning via a sequential developmenttefhad the options tpilot andprototypesupport
learning through the production of a scaled dowerafonal investment. The last two options
compress the investment lifecycle, thus allowinglearning early how competitors, customers,
regulatory bodies and internal parties will reacthie investment initiative. Put another way, these
options permit market risk, development risk andanizational risk to be transferred to earlier
parts of the full-scaled investment lifecycle. Sarly, the stage option divides the investment
realization effort into parts, thus permitting tarsfer risk across parts within the building stage
For example, implementing the riskiest parts of ris@lization effort as early as possible helps to
reveal up-front whether the entire realization gffcan be completed successfully (e.g., within

schedule and budget).

Full investmentwith reduction of the expected monetary impact igk rin the building and

operation stages. Here, the options help to lover talue consequences of risk and/or the
probability of its occurrence. An example of thanfer is the option tdease development
resources, which protects against development aadkan risks by allowing on killing an
investment in midstream and save the residual @bstvestment resources. A way to lower the
probability of risk occurrence is the optiondotsourcedevelopment. This option lowers the risk of
development failure by subcontracting (part orodllithe realization effort to a third party thatsha
the necessary development capabilities and exmperieim essence, both these options permit

transferring risk(partially or fully) to a third party.

Dis-investment/Re-investmentith risk avoidance in the operation stage. If weept the fact that

some risk cannot be actively controlled, two opsi@ifer contingency plans for the case it will
occur. The option tabandonoperations allows redirecting resources if the cetitipn, market or

organizational risks are realized. The optiomlter scaleallows contracting (partially disinvest) or
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expanding (reinvest) the operational investmenegponse to unfolding market and organizational

uncertainties.

Based on the logic of these investment modes, #iygimg of specific risks to specific options that
control them can be refined to fit any class ofinVestments. Benaroch (2002) and Angelou and
Economides (2007a) provided cases of ROs thinkinthe basis of the aforementioned investment
modes. Particularly, information technology investihopportunities have been analyzed using
ROs thinking based on the aforementioned investmeades. ROs analysis can control different
sources of risks existing in the various stagesthaf investment life-cycle. We classify the
telecommunication risks based on proposals by Behaf2002), and Brautigam and Esche (2002).
Table 1 shows the main sources of telecommunicaisis as well as their mapping to the specific
ROs that can control them.

Risk Opportunity Recognition Building Operation
Defer Stage | Explore/Pilo] Outsource|Leasq Abandor} Contrac]{ Expar] Outsource|
Developmer d

F1 firm cannot afford the project (unacceptable finahexposure) + + + +
F2 costs may not remain in line with projected besefit + + + + + + +
P1staff lacks needed technical skills + + + + +
P2 project is too large or too complex + + + +
P3inadequate infrastructure for implementation + + + +
P4 the project is not on Time + + + +
F1 wrong design (eg, analysis failed to assess cargoirements) + + + +
F2 problematic requirements (stability, completenets) + + +
[O1 uncooperative internal parties + + + +
[O2 parties slow to adopt the application + + + +
[C1 competition's response eliminates the firm's acgnt + + + + + +
[C2 competition acts before the firm + +
E1 low customer demand, with inability to pull outrofirket + + + + + + + +
E2 demand exceeds expectations (follow-up opportimnétiést) + + +
E3 too high customer response may overwhelm the ajalic + + + + + + +
E4 customers may (bypass) develop their own solutions + + + +
ES5 unanticipated action of regulatory bodies + + +
E6 Price uncertainty + +
E7 environment changed requirements (expected benefiish) + + +
|E8 Other factors such as Legal issues, Natural PhemarS®cial
issues, Armed conflicts, Taxation. + +
T1 application may be infeasible with the technologiessidered + + + + + +
T2 the introduction of a new superior implementatiechinology
may render the application obsolete + + + +
T3 the implementation technologies considered maynipesiture + + + +

Table 1. Risk factors inherent in telecommunication investisiand options
that can control them

Next, we propose an AHP structure in order to comlaill the aforementioned factors into one

utility function.
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4.1 I ntegrating ROs with AHP model

The structure of the decision analysis framewonkta@ios four levels: i) the content of the specific
investment opportunity, which can be deployed iniotss ways, ii) the life-cycle stages of the
investment opportunity, iii) the options level thatembedded in each one of these stages and
mapped to specific types of risks, iv) the mulitenia level that contains financial tangible, risk
and intangible analysis (Figure 3). The overallitytis composed of all these criteria (factors)
which may be further decomposed into their appleasub-criteria. We apply the pair-wise
comparisons for each of these sub-criteria. Thal fresult of the analysis, at the top, is the

prioritization of the various deployment scenamagsording to the overall firm business utility.

Business Utility

Il

Financial Tangible Risk Mitigation Factor: Intangible Factors
Factors
——| Net Present Valt | I_ ...Itis analyze —| csl |
extensively... ifigure 4
ENPV | ——I NCO |
[~ pamascrores | —._ cso |
\_i CSF |
Investmer Costs |
L
Defer Stage Explore/ Outsouce Abandon Contract Expand Outsource
Pilot development Operation
Recognitior Building Operation
Deployment Deployment Deploymen Deployment
Scenario 1 Scenario 2 Scenario ... Scenario N

Figure 3. Analytical view of the decision analysis framework

The analytical view of the Risk Mitigation sub-mdelis extensively analyzed in Figure 4. The critersed
in our structure are coming from Table 1 and ingidhe risk inherent in ICT investments. Analytigaive
perform pair-wise comparisons of the deploymennades for each one f the risk factors focusingttom

risk control that each scenario can provide. Theww&e comparisons concern the amount of risk that
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resolved and controlled, depending on the provigjgtibn(s) about each scenario. Our target is tecsd¢he

deployment scenario that provides the highest viaiuthe risk mitigation utility.

| Risk Mitigation Utility |

| Firm Specific Risks I | Market Risks I

Competition Risks

o M
il
m m
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m

m

o

(e}
R

e

—

R EEE

\‘_

Defer Stage Explore/ Outsource Abandon Contract Expand Outsource
Pilot development Operation

Re-investment

Defer Investment Partial Investment Full Investment Dis-investment/

Deployment Deployment Deployment Deployment
Scenario 1 Scenario 2 Scenario ... Scenario N

Figure 3. The risk mitigation sub-module of the proposed &ramrk
(risks relevant to the ICT investment of the clastration are indicated by bold boxes)

Summary

In order to maximize the risk mitigation utilityupmethodology involves four main steps that must
be repeated over time. These steps help to optirmatifigure the investment under the information
set available initially. As time passes, they nheste-applied in case that some risks get resaved

new risks surface. In the following we present ¢h&teps.

= Define the content of the overall ICT businessvatgtiand its risk profile. State the investment
goals, requirements and assumptions (technologicginizational, economic, etc.), and then
identify the risks inherent in the investment.
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= Recognize the options mapped to specific riskswsalthem to adopt investment modes to be

examined.

= Evaluate investment-structuring alternatives (imvesit modes) and find a subset of the
recognized options that maximally contributes @ ithvestment value. For the evaluation of the
structuring alternatives we use AHP analysis andope pair-wise comparison for the

alternatives concerning the most efficient contfofarious types of risks.

= Perform sensitivity analysis in order to understdr& contribution of each risk factor control in

the overall risk control utility.

5. A SPECIFIC E-LEARNING BUSINESS ACTIVITY
Description of a specific E-learning Business Actity and NPV analysis

We examine a business activity to establish anrgmsée which will offer services for learning
foreign languages through the World Wide Web (Mantand Economides, 2004). The users of
our services will be students and adults havingesedo the Internet. The base scale investment
concerns learning English. It is matter of furteswth investment opportunity to provide services
for other foreign languages. The courses are dpedldligitally on a special educational software
platform that is purchased to cover the needs ofcompany and it is installed on the collocated
server. Afterwards the users of our services subimit own personal passwords and ID’s in order
to get connected to the server and attend therlegboough the Internet. Competitive advantages of
such business model for providing distance-learnsegvices comparing to the conventional
syllabus are: i) the absence of traditional class®which leads to reduced Operating Costs, ii) the
absence of traditional way of teaching which reioés autonomous learning, iii) offering services
24h a day, 7days a week that leads to maximum eapim while at the same time it is more
convenient for the users, iv) flexible pace of mdieg the lessons, and v) reduced fees due to the

continuous functioning and the reduced operatirgjsco
Some investments assumptions

We examine the investment performance assumindglaredrs period of analysis and assume that
all cash inflows and outflows are discounted atrible-free rate=5%. We consider a risk free rate
5% according to the rate of return on Greek’s TueasBills. In addition, we separate the
investment’s costs, as seen in appendix B in twases: a) in the initial phase of establishing an e-
learning organization, the costs depend mainly e iumber of courses (considering a large
number of students), b) in the latter phase of atpey it, the costs depend on the time duration, on

the number of courses and on the number of studdmatse costs are divided in fixed and variable
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cost. We consider as entry time to the market iftplement the investment) when customers
(students) demand is such that the operating regeare equal to the operating costs (Mantzari and
Economides, 2004).

Methodology application for an e-learning business activity

Our target is to justify economically the investrmehlaunching e-learning activities in the Greek

market. Among others, we have to decide:
1. What is the entry time into the market?
2. What is the scale to enter?

3. What is the optimum way to configure investmenoider to minimize risk and maximize

profitability?
We follow the aforementioned four steps:
Stepl. To define the investment plan and its risk

Here we define the investment content, goals awmgimements. We start with an initial ICT
solution, stating investment assumptions (econortechnological, organizational, etc.), and
revealing the investment risks in light of thessuasptions. These activities should be carried out
relative to each of the stages in the investméatycle. In our case, we consider the recognition,

building, and operation stages, as well as thelueebrisks that fall into these stages (Table 2).

Stage Goals Risks and Opportunities

To establish an enterprise which will offefEnvironmental (E1) - Low customer/student demarad th
services for learning foreign languages |might not be profitable to let investment pass fitbi
through the World Wide Web Recognition to Building stage. Firm has to decide mtre
enter in the market and in what scale.

The initial e-learning solution involves  [Project (P1)/Organizational (O1) - Firm staff magk
developing an infrastructure platform thajexperience on linking ICT technologies with content
will support distance learning languages |applications such as educational issues. Functiprgll) -
Building services The firm may build the application right accorditagthe
required specifications, but still fail to realittee anticpateq
benefits because the requirements are wrong tm bath.
This could result to poor application functionality
Support e-learning services for foreign |Environmental (E1) — low customer demand could niake
languages non economical to let the investment live long.
Environmental (E2) - demand exceeds expectatiaiio-
up opportunities exist).

Environmental (E3) — too high customer demand could
result in an inability of the back office of therfi to

handle the extra processing load presented by
customers/students.

Competition (C1) -eompetitors could react by launching
improved application, and thus erode the

extra demand generated produced by the e-learning
application.

Table 2: First step of the approach applied to ¢hkearning investment

Recognition

Operation
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One risk would be an environmental risk. There i&cmuncertainty about the customer demand.
Low customer demand can change investment prdfttaliom positive to negative. Another risk
would be a firm-specific capability risk. There imcertainty about the firm’s capability to
efficiently integrate the initially planned scald the ICT infrastructure with the required
applications as well as with the content of themaly, the last area is competition risk since a
competitor could react by launching improved amlans that will erode revenues from future

customers.

We initially assume that all these risks affectyathie expected revenues and not the cost. Actually,
cost influences directly the revenues too. Aftedgarwe examine the impact of the cost’s

uncertainty on the investment’s profitability.

Step2. Recognize shadow options based on risk ctegistics

In the next step, we recognize shadow options timatinvestment could embed based on the
aforementioned investment risks. The target is dofigure the investment plan by using these
options in a way that risks are mitigated while ralle profitability is maximized. Actually,
investments risks can be, at least partially, heshddy adopting managerial flexibility, through
option analysis. Table 3 shows the main sourcabefisks of the e-learning investment that we

examine in this paper and the shadow options teaddwopt in order to control them.

Investment Lifecycle Stages Shadow
Options Allocations

Recognition |Building Operation
Option to Option to | Option to | Option to
Risk Area Risk Opportunity Defer Contract | Expand | Choose
scale of between
Investment further
Expansion
and

Contraction

P1 staff lacks needed technical skills to
Firm successfully integrate and operate ICT
Specific |Project infrastructure-applications with conten + +
Risks F1 wrong design (e.g. analysis failed tp
Functionality |assess correct requirements) +
C1 competition's response eliminates the
Competition |[firm's advantage + + +
Market E1 low customer demand, with inability
o to pull out of market + + +
Specific -
! . E2 demand exceeds expectations (follpw-
Risks  |Environmental o :
up opportunities exist) + + +
E3too high customer response may
overwhelm the application + + +

Table 3: E-learning investment risks mapped to apeg options that could mitigate them

Step3. Choose alternative investment configuratiased on options exercise strategy
In the next step we identify alternative ways tofagure the e-learning investment using different

subsets of the recognized shadow options. Althoutgmay seem that the number of possible

18



configurations could be large, only configuratiangolving maximal subsets of shadow (viable)
options are worth considering (Benaroch, 2002). Wext illustrate plausible investment
configuration that considers five of the recogniseddow options (Figure 2).

Business assumptions

We assume that market entry takes place when deleagidreaches the critical number of students
and thelnvestment Operating Revenues are equal to Opegrdfiosts (we assume that this is
reached at year T).

We start our analysis considering that T is up tpedrs. We also consider that the construction
phase of our platform is 1 year. Finally, we cossithat critical mass for customers is reached at
T=3. At the beginning, recognition phase, we fdue ¢ption to defer investment up to time T in
order to resolve market uncertainty concerningamsts’ demand as well as competition threat.
The smaller the T the sooner we should performstment and the smaller the option value to
defer will be, since less amount of uncertaintyesolved. During time period T, the firm is facing
market uncertainty “clearness” and decides to ememarket when investment starts to become
profitable.

Building base
Recognition stage  scale application Operation stage (cash inflows)

| | | | | | | |
| 1 | [ I —>
Firm is facing market
uncertainty resolvance i
and enters when Expected X2’ v v
Revenues = Expected Contract by X5’
Cost c=20%, save X2! Contract by c=25%,
save X4’
Option to Defer X3
up to T years Expand by 30% X4

Expand by 40%

Xl1base scale
V base scale

Figure 2: A configuration involving five of the slaw options that the e-learning investment can
embed

1. Thebase scale option permits realizing the investment into onstawtlay X1 = 190.000 £,
which isdeferrable for up to three years, in order to resolve marketeutainty.
2. The option tacontract the initially planned scope of operations by 20%irsg So in cost
operations X2’ = 30.000 €.
3. The option t@xpand further operations in case of favorable customemahd by 30%, by
making a third cost outlax3 =55.000€ (it is one third of the initial infrastructureviestment)
4. The options to choose between expand andartperations.
Theexpand option permits scaling up operations by 40%, by imgk fourth cost outlay,
X4 =75.000 €for the base scale
The option tacontract scope of operations by 25% saving so in cost ojpaRaiX5’ =
35.000 €.
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Option exercise costs and revenues to expand +&bbimiperation presented above
concerns base scale operations and single opti@atgsés. In case of compound option
analysis, expand and contract values as well asropgvenues are changing according to
predecessor option type.

Options Presentation

Our configuration considers five of the recognizb@dow options (see Figure 2). In this work we
consider only this deployment path. Additionallye would consider other alternatives too, such as
the deployment path that includes only the optmaxplore business activity. The option to explore
would facilitate learning-by-doing, through a pileffort that supports a part of the E-learning
services while in case of favorable demand thesitdlle of the business activity takes place. In our
analysis we consider a more complicated deployrpatit in order to control a large number of
risks and show the applicability of our methodologinally, the high number of shadow options
that are transformed to real ones does not nedgssaicate the maximum investment value since
many of the options can control the same typesistiln this case, the options are supplementary
to the contribution of the overall investment va(liegeorgis, 1996).

During the recognition stage

The first option is to defer the first cost outly up to three time periods (assuming that longer
deferral would significantly increase the risk ohtpetitive preemption). Deferral permits learning

about the levels of demand experienced by othersfiwith comparable e-learning services, in

support of resolving risks E1, E2 and E3. Defecmalld also provide the time to get the cooperation
of all parties so as to reduce risks F1 and Plinguhe deferral period the firm faces the market
uncertainty “clearing” especially concerning demaodsidering the trigger point to start investing

when expected revenues becomes equal to invessrapetating costs. Finally, competition threat,

risk C1, from another firm can be at least pastiaéisolved during deferral period.

During the building stage

The building firm’s staff may lack experience onkiing ICT technologies to content applications
such as educational issues. In addition, the firay truild the application correctly according to the
required specifications, but still fail to realitee anticipated benefits because the requiremeats a
wrong to begin with. This could result to poor apation functionality. In order to control these

risks (F1, P1) we consider the option to contrt, initially planned, investment scale during the
building stage. In addition, the competition rigkl] (e.g. a competitor’'s response eliminates the
firm’s advantage) is reduced through the optiorcaatract the initial planned investment scale.
Moreover, customers’ uncertainty E1 during the ding) stage can be mitigated by adopting the
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contract option. Finally, the aforementioned optiordefer enhances the possibilities of mitigating
such kind of risk during this stage, too.
During the Operating stage

The next option is the option to expand operatsrae by 30% in year T+2 in case of favorable
demand and risk mitigation E2 and E3. The lastoopis actually a combination of one call option

and one put option having the same time to matuirtyime T+4 the firm possesses the option to
choose between to expand or contract operatioe scaiording to market conditions. Actually, the

second option is to contract operations of the siment, by 25%, at time period T+4, in support of
hedging risks E1 and E3. At the same time thetbascall option to expand operations in case of
high demand by making a fourth cost outlay. Thisaypcould control demand risk E2. In general a
call option is optimally exercised when circumsesidecome favorable and a put option is
exercised when circumstances become unfavorahtallysi competition risk C2 can be hedged

through the option to choose between contractingxpanding the investment scale according to
the competitors actions that could either elimingue firm’s market share or just influence the

overall market demand for such kind of applications

Step4. Options evaluation and Investments conftgura alternatives profitability

In the final step, we evaluate the embedded optilmcisded in the configuration alternatives. Due

to space limitation we do not present the procésyvaluation, while the interest reader is referred
to Angelou and Economides (2007a).

Option analysis and specific investments characteristics map

For the valuation of options we use the Log-Tramefx Binomial Model (LTBM) with 50 steps
time resolution. Also, the variance of payoffs asidered at = 50% as it is suggested in the
literature (Oslington, 2004; Angelou and Econom]@&&05).

Value of option Combinations with I nteractions between each other

The value of an option in the presence of othefoaptmay differ from its value in isolation
because of its strong interaction with these ogtidmigeorgis (1996) provided a formal discussion
of the factors affecting the “non-additivity” of éhoptions. The valuation of complex options
remains a difficult endeavor. Since e-learning staeents could be exposed to multiple risks, they
may need to be configured using a series of casgdgdompound) options. Table 4 shows the value
of the project with different combinations of theagow options. In particular, the highest option
value (in isolation) is the option to defer withlwa at 53,6 k€. For comparison, we give the values
of the rest options (in isolation) at time where thperation stage is starting. The option to choose
the strategy between contraction and expansioean ¥ presents the highest value (34,8 k€) among

the rest of the options. Actually, the option t@oke between expansion and contraction is the sum
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of the two separate options, the call option toagxpband the put option to contract with the same

expiration dates.

In our multi-option analysis we consider that thei@n to Defer is prerequisite for the rest of the
options. This means that the option to defer shiweldncluded in any of the combinations of the

embedded options that we analyze.

Adopting the two-embedded options analysis in thestment plan we can see that the option to
Contract contributes negatively to its predecesgtion to Defer since their combined value is 38,3
k€. This happens due to the fact that in case efaising the contract option, the revenues V that
correspond to the initially planned base scale stment, will be decreased. We consider that by
contracting operation by 20% we have 10% decre&dbeoinitial infrastructure cost, since the
infrastructure is the basis and prerequisite faraage of future operating capabilities. On the
contrary, the contribution of the option to Chodgethe option to Defer is higher giving a value
close to 64,2 k€.

In case of three options analysis for more efficiesk handling, the combination of options to
Defer, Expand and Choose gives the highest valabait 67 k€. Finally, taking into account the
total number of options the overall value is juét EE, since the option to contract operations

contributes negatively to revenues V base scalbeobption to Defer as in the two options analysis.

Hence, the most promising configuration deploynstrdategy is the combination of the options to
DECH that presents the highest value for the imaest profitability.

Option Option ENPV Valu
Combinati [Value overall |e at Exercise
.( ) PV(V) |Yearto .
on LTBM 50 (investmen , Price X .. [Option
Option Name base |maturit
steps t value) (for base Type
. scale |y

(values in scale)

ke€)
Defer(D) 53,6 50,6 t=0 DefeiD) 190 161 (187) | upto T=3 | Americal Call
Contract(CN) |3,1 0,1 t=T ContradCN) (20%) |30 37 T+1 European Put|
Expand(E)** 12,6 9,6 t=T+1 Expan(E) (30%) 55 56 T+2 European Call
Option to Choos Option to ChooséCH)
(CH)*** (expand/contract) European
(expand/contract}4,8 31,8 t=T+1 (40%/25%) 75/35 74/46 T+4 Call/Put

In this case we consider that base scale investrasults to V'=0,8V while

DCN 1 38,3 35,3 t=0 X'=0,9X
DE 2 57 54 t=0
DCH 3 64,2 61,2 t=0
DCNE 4 42 39 t=0
DCNCH 5 48 45 t=0
DECH 6 67 64 t=0
DCNECH 7 50 47 t=0
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** Option to Expand at time T+2, value at t=T

*** Option to Choose at time T+4, value at t=T+2
***% Option to Switch use between T+5 and 11, aT+4
ENPV = Option Value x 1.000 - 3.000

1 max (0,8V+CN-0,9X%, 0) We consider the Option to Defer and the Option ¢éat@act
2 max (V+E-X, 0) We consider the Option to Defer and the Option ¢at€act
3 max (V+CH-X, 0) We consider the Option to Defer and the optionhodse betwee E and CN

4 max ( 0,8V+max ((XC+E-0,2V,E)-0,9XDaseSCale, 0) oooiitiiiii it ie et et e et et e e e e e a
5 max (0,8V+max((Xc+CH-0,2V,CH)-0,9XDaSESCaIE, D),  .i.iuiiiit ittt iietet ettt et et e et et e e et e e e e et e e e ree e e e naaaanans
6 max (V+max((eV+CH-Xe,CH)-Xbasescale, 0) Where,B=0 ............ocoiiiiiiiiiiiiii e
7 max (0,8V+max((Xc+max(eV+CH-Xe, CH)-cV,max(eV+Cte, CH))-0,9Xbasescale, 0) ..o e e
To mention here that these expressions do notthe/galue of three options all together since r@lexcercised in different time moments.
With this we want to indicate the logical modedttive follow based on nested option analysis asepted by Herath and Park 2002
Finally, to mention that values for nested optiares at times where their predecessor option iesast.

In our analysis only option to Defer exercise isrpquisite for the next options
Table 4: comparative value contribution of optianghe investment alternatives.

6. DISCUSSION AND FUTURE RESEARCH

The presented methodology enables the managemeptinoally configure technology investments
under a multi-criteria perspective. It facilitates systematic identification of investment's
configurations by framing flexibility in terms ofi¢ risks that can be controlled by ROs. Otherwise,
it supports a solid quantitative configuration \alan for the purpose of identifying the most
valuable configuration. This does not mean that riiethodology is perfect. One of the main
difficulties is the way we estimate the variancémueestment’s revenues and cost.

The methodology has been applied to an e-learrisg study. It can be quite easily extended to
other ICT business fields. For example, Angelou Badnomides (2008a; 2006) applied the ROs
analysis to find optimum investment deploymenttegg in the Broadband investments business
field under competition threat that can eliminaaet f the business value during deferring period.
In general, the method can be applied in businasescwhere investments contain wait and see
components (deferring periods) as well as riskdsghat can be controlled and partially resolved
by ROs analysis. In case of competition, it is dtemaof compensation between uncertainty control
achieved by the ROs analysis and competition thriegatn other competitors that can enter sooner
into the market, while the firm under investigatio®m waiting, and eliminate the available
investment value. Under this analysis, the compmtitan arrive randomly following a Poisson
distribution (Trigeorgis, 1996). This is more validcase of high number of competitors (players)
where exogenous competition modeling is more praktin particular, it can be considered that
there is an e-learning platform that can suppoimber of e-learning courses, to similar scientific

fields, provided by the firm (institution) of intest. However, other organizations (e.g. univesitie
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can also provide similar courses causing degradatiio the investment opportunity which is
available to the organization of interest.

In case of limited number of competitors (oligopgolsndogenous competition modeling is required
adopting the ROs with game theory. In this cageh®f the players (competitors) will choose their
optimum investment deployment strategy. The gamibgum will be the deployment strategies
or ROs implementation, which will maximize the imjilof each player. It is a subject of further
work to consider a real competitive environment andtomize or enhance existing ROs models

evaluation based on compound options analysis werIygenous competition modeling.

7. CONCLUSION

In this work, we present a ROs methodology for aahihg risk and choosing the optimum ICT
investment’s deployment strategy. We apply it te #learning infrastructure business field
(Mantzari and Economides, 2004). The target igrtd the optimal investment’s configuration, to
handle more efficiently the investment’s risk and@ increase its overall performance. The results
of our analysis show that by adopting multi-optianalysis in a compound basis can enhance
investment performance. The specific e-learning&tment scenario appears to be more profitable
when we adopt ROs analysis instead of NPV analyaldng into account the same business
assumptions given by Mantzari and Economides (2@@4¢ study. In addition, we apply both
revenues’ and cost’s uncertainties modeling estmgathe impact of the investment's cost
uncertainty to the options’ value as well as to dlverall economic performance. The e-learning
investment’s profitability appears even higher. u&dly, as the project uncertainty is increasing, th
managerial flexibility achieved by adopting ROs ftinutes more to the final economic
performance. Finally, it is the subject of furtiveork to consider a real competitive environment
and customize or enhance existing ROs models ev@tuaased on compound options analysis.
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