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Abstract Flexibility often represents the key area of
value added by investing into an information system (IS)
but also carries significant costs. Therefore, its quantitative
financial valuation is of vital importance to make eco-
nomically informed decisions about flexibility. This is
challenging due to varying flexibility definitions and the
complexity of the flexibility construct in itself. To address
this challenge, this paper analyzes the scientific literature
concerned with the financial valuation of flexibility in
information systems (FIS). In the first part, it introduces
fundamental requirements for a proper financial valuation,
discusses the characteristics of FIS that are driving its
economic value and identifies suitable financial valuation
approaches. In the second part, a structured review of lit-
erature focusing on the application of FIS valuation ana-
lyzes to what extend the existing literature supports
economically informed decisions within flexibility design.
Further research is indicated with regard to dependencies
between flexibility and the existing IS landscape as well as
to a more structured and comprehensive approach to ex-
amine all interacting features of an IS enabling flex-
ibility in the first place. In summary, joining the theoretical
basis and the application of FIS valuation, this paper
gathers all necessary fundamentals for a sound financial
valuation of FIS and reveals the need for further develop-
ment within this stream of BISE research.
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1 Introduction

“Developing or managing a flexible infrastructure”
(Gartner 2012, p. 7) still is a top target for IT-executives
(Brancheau et al. 1996, p. 227; Gartner 2012, p. 7;
Luftman et al. 2012, p. 200). Science recognized this,
too, and broadly analyses the phenomena of flexibility of
information systems (FIS). Foundations and influencing
factors of FIS as well as the effects of FIS on the
company’s success are examined (Beimborn et al. 2006a;
Byrd and Turner 2001; Chung et al. 2003; Duncan 1995;
Jorfi et al. 2011; Moitra and Ganesh 2005; Oh et al.
2007). Thus, FIS may lead to competitive advantages
(Byrd and Turner 2000; Duncan 1995) or can positively
affect the quality of business processes (Beimborn et al.
2006b). The benefits of FIS are currently discussed along
with architectural concepts such as service orientation
and cloud computing. Both concepts are able to con-
tribute to the flexibility of information systems (IS) sig-
nificantly (Bartmann et al. 2011, p. 8; Becker et al. 2011,
p. 10; Eymann and Winter 2008, p. 70; Leimeister et al.
2010, p. 7).

In a comprehensive way, FIS is defined as the ability of
an IS to adapt purposefully to system or environmental
changes within given limits (Bernandes and Hanna 2009,
p. 41; Kumar and Stylianou 2014, p. 151; Voigt 2007,
p. 600; Wagner et al. 2011, p. 811). It is enabled by the
interaction of certain features of an IS, such as scalability,
compatibility, or modularity (Table 1 shows an overview
of all IS features previously identified via empirical
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Table 1 Overview and description of IS features enabling FIS
(according to Chanopas et al. 2006, pp. 643, 645, 646)

IS feature Description

Compatibility The degree to which an IS can share any type of
information both inside and outside the
organization

Connectivity The degree to which an IS can connect to others
both inside and outside the organization

Continuity The degree to which an IS is available without
disruption

Facility The degree to which an IS can be used with ease

IT personnel The degree to which personnel working on and

competency with an IS possess relevant skills and experience
to effectively perform activities

Modernity The degree to which an IS is based on well-
known components/products and technological
trends

Modularity The degree to which an IS can be separated and
recombined to support new system development

Rapidity The degree to which an IS can deliver
information as soon as it is needed

Scalability The degree to which an IS can be scaled and

upgraded as well as expanded or downsized

studies). Implemented ex ante, a combination of these
features offer specific scopes of action during the lifetime
of the IS. These scopes of action then can be used to adapt
the IS to certain exogenous changes in a way that the
objectives of the IS will continuously be achieved in the
best possible way (Bernandes and Hanna 2009, p. 41;
Chanopas et al. 2006, p. 646; Mandelbaum and Buzacott
1990, p. 17; Mellwig 1972, p. 726; Wagner et al. 2011,
p- 811). A scalable and thus flexible online ordering sys-
tem, for example, can be adjusted to fluctuating demand,
and consequently costs of unused capacities or opportunity
costs of lost demand can be avoided. In a dynamic envi-
ronment characterized by frequent changes, FIS therefore
is a key ability which should be developed and conserved
(Byrd and Turner 2001, p. 41; Duncan 1995, p. 37; Veith
et al. 2007, p. 1191).

FIS can contribute to business success, and for numer-
ous IS investments it is “the key area of value added”
(Hares and Royle 1994, p. 9). Simultaneously it carries
significant costs (Gebauer and Schober 2006, p. 126;
Golden and Powell 2000, p. 375). Decisions on the design
of FIS (i.e., which IS features enabling FIS should be im-
plemented ex ante and to what extent) must therefore be
aligned to economic aspects (Allen and Boynton 1991;
Becker et al. 2009, p. 10; Chanopas et al. 2006, p. 635;
Veith et al. 2007, p. 1198). The basis of an economically
informed decision on design alternatives of FIS is a theory-
based, methodologically correct financial ex ante valuation
of FIS (Irani and Love 2002, p. 79; Wehrmann et al. 20006,
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p. 235)." Here, cash flows” arising from the implementation
of FIS and the adaptations enabled by its scopes of actions
are aggregated using sound financial valuation approaches
to determine the value contribution of FIS monetarily. This
approach poses quite a challenge in practice, even though
the high relevance of FIS and its financial valuation is
recognized (Becker et al. 2009, p. 10; Kumar 2004, p. 12;
Probst and Buhl 2012, p. 70; Trigeoris 1996, p 152).
Problems arise mainly from the complexity of the flex-
ibility construct in two areas: First, the ability to adapt to
changes does not have a value in itself. Initially it is only a
potential which can be utilized when addressable changes
appear. Only then is an economic value added (Afflerbach
et al. 2014; He et al. 2011, p. 3718). Suitable financial
valuation approaches must be able to capture this and all
other related characteristics of FIS driving its economic
value. Second, when applying a suitable financial valuation
approach, the required input, mainly in the form of cash
flows associated with the specific IS during its lifetime (see
Sect. 2 for details), is to be determined as completely and
accurately as possible. This is a well-known and non-
negligible challenge, especially if scopes of action have to
be considered (Buch and Dorfleitner 2007, p. 143; Franke
and Hax 2009, p. 281; Perridon et al. 2012, pp. 81, 132;
Schneider 1971, p. 834; Wehrmann et al. 2006, p. 239).
Since FIS is enabled by the interaction of different IS
features, the identification and estimation of all necessary
input is connected to further difficulties, as it requires the
examination of all corresponding IS features interacting in
each particular application.

The sound evaluation of the use of IS in practice is a
major target for BISE as an application oriented science
(Heinzl et al. 2001, p. 225; Scheer 2009, p. 88; Wis-
senschaftliche Kommission Wirtschaftsinformatik 2011).
Hence, one would expect that the extensive scientific lit-
erature on FIS (Chanopas et al. 2006; Kumar and Stylianou
2014; Wagner et al. 2011) supports the challenge of
financial valuation by gathering necessary theoretical
foundations as well as explaining and demonstrating their
correct application in a comprehensive and structured way.
The literature, however, shows deficits:

' In addition, qualitative, non-financial evaluation criteria can be
considered (Hirschmeier 2005, p. 4; Kohli and Grover 2008, p. 33).
The paper at hand focuses on the financial ex ante valuation of FIS as
a specific challenge. Concerning other dimensions of business value
(Schryen 2013) of FIS, cf., for example, Kumar and Stylianou (2014)
and Wagner et al. (2011).

2 Concerning the example of the flexible online ordering system,
implementing scalability causes cash outflows. Cash inflows at-
tributable to flexibility arise from both, avoided idle costs through
scaling (when demand is low) and additionally processible jobs (when
demand is high).
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Table 2 Examples of FIS descriptions found in the IS-literature (highlighting by the author)

Publication

Description

Beimborn et al. (2006b,
p. 589)

Byrd and Turner (2000,
p. 172)

Cheung and Bagranoff (1991,
p. 36)

Jacome (2007, p. 3)

Kumar (2004, p. 12)

Latt and Altmann
(2011, p. 655)

Nelson et al. (1997, p. 77)

Shaw et al. (2007, p. 92)

“[...] we define IT flexibility as the ability to renew IT competences to match changing business requirements
with little penalty in time, effort, cost or performance”

“IT infrastructure flexibility is the ability to easily and readily diffuse or support a wide variety of hardware,
software, communications technologies, data, core applications, skills and competencies, commitments, and
values within the technical physical base and the human component of the existing IT infrastructure”

“Four types of systems flexibilities are addressed: options to defer the system, to expand the system, to
downsize the system, and to redeploy the system for competing uses.”

“We can define IS flexibility as the ability of the components that collect, process, store and output information
to adapt to changes, so that the new business tasks can adequately be performed in a continuous manner”

“[IT-] flexibility, the ability to quickly and economically adapt to changing business requirements [...]”

“Service flexibility is defined here as the possibility of users to adapt their business process according to their
needs”

“[...] definition of technology flexibility: the ability to adapt to both incremental and revolutionary change in
the business or business process with minimal penalty to current time, effort, cost, or performance”

“[...] business process flexibility: the ability to change organizational capabilities repeatable, economically and

in a timely way”

e Still there is no consistent understanding of the
construct of FIS. Table 2 lists examples of different
definitions and shows that a variety of non-uniform,
varyingly precise, and limited definitions of FIS are
common. Due to these different perspectives on FIS
adopted within the literature, comprehensive theoretical
considerations necessary for a sound valuation® turn out
to be quite difficult. This mainly concerns the identi-
fication of all characteristics of FIS which drive its
economic value and which are crucial to identify
suitable valuation approaches. The rising stream of
literature regarding FIS analogous to a financial option
(Benaroch 2002, p. 47; Cheung and Bagranoff 1991,
p. 36; Fichman 2004, p. 133; Hilhorst and Smits 2004,
p. 7; Panayi and Trigeoris 1998, p. 676) illustrates the
need for a comprehensive understanding and aligned
theoretical considerations. These papers adopt a very
specific perspective on flexibility only and thus may
mislead the reader to believe that flexibility can only be
valuated based on option pricing theory.

e Comprehensive theoretical considerations and especial-
ly the demonstration of FIS valuation in certain
applications which consider the different IS functions
enabling FIS are limited. With regard to the challenges
of determining all required input to apply the valuation
approaches properly, the latter is of particular impor-
tance, as it can support practice when, for example,
used as a blueprint or at least as a guideline. However,
recent reviews show that the focus in the literature on
FIS remains on the differentiation of flexibility, espe-
cially regarding similar or related constructs (“agility”

* To facilitate readability, “valuation” or “value” here and in the
following means “financial valuation” or “financial value”.

and “responsiveness”), and on the identification of
types and dimensions of flexibility (Bernandes and
Hanna 2009; Kumar and Stylianou 2014). The few
existing papers on FIS valuation note that this impor-
tant issue is inadequately represented in literature
(Schober and Gebauer 2011, p. 638)—a gap difficult
to understand, as the complexity of FIS and the
difficulties in its valuation are known and unchallenged.

Having these deficits in mind, this paper pursues two
targets:

1.  Supported by a broad literature basis from BISE and
Finance, a comprehensive definition of FIS is introduced,
theoretical foundations of a sound financial valuation of
FIS are gathered and suitable financial valuation ap-
proaches are identified and presented.

2. On the basis of a structured review, the literature

focusing the application of FIS valuation is summa-
rized and analyzed concerning its theoretical founda-
tion as well as the particular application scenario and
the IS features examined.

Thus, in joining the theoretical basis and the application
of FIS valuation, this paper gathers all necessary funda-
mentals for a sound valuation of FIS. This supports practice
to reach economically informed decisions on FIS design.
Moreover, it analyses the existing literature concerning FIS
and reveals the need for further development within this
part of BISE research.

The paper adapts the approach of a structure literature
review to its targets (Fettke 2006, p. 260; Tranfield et al. 2003;
Webster and Watson 2002): The problem to be investigated
has been defined above. In Sect. 2, theoretical foundations
are gathered and valuation approaches suitable for FIS are
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identified (Target 1). Based on these and the challenges as-
sociated with FIS valuation raised in the introduction, the
framework to analyze the literature on FIS valuation is de-
veloped and the procedure of literature search and selection is
outlined in Sect. 3. Following in Sect. 4, literature on the
application of FIS valuation is analyzed (Target 2). The
conclusion in Sect. 5 summarizes the findings of the paper
focusing on the further needs of research drawn from the
literature analysis.

2 Theoretical Foundations of a Sound Financial
Valuation of FIS

To gather the theoretical foundations of a sound financial
valuation of FIS, fundamental requirements for the valuation
of IS are introduced and the characteristics of FIS driving its
economic value are discussed using a comprehensive
definition of FIS. Based on this, the approaches which are
applicable for the valuation of FIS are identified and
explained.

2.1 Fundamental Requirements for IS Valuation

IS are valuated to make economically informed decisions
between design alternatives (Bannister and Remenyi 2000,
p- 231). This valuation has to be conducted according to the
principles of IT-Governance, which include value orien-
tation and risk management as central guidelines (IT
Governance Institute 2003, p. 26; Krcmar 2010, p. 288;
Zimmermann 2008a, p. 358). From these guidelines fun-
damental requirements for the valuation of IS can be
derived, which also have to be considered when assessing
FIS (Hickel et al. 2011, p. 415; Wehrmann et al. 2006,
p- 235; Zimmermann 2008b, p. 461)4:

e Requirement 1 (value contribution): The valuation is
based on the IS’s value contribution to the company
value, which is determined by all attributable (stochas-
tic) cash flows during the lifetime of the IS.

e Requirement 2 (considering risk): In determining the
value contribution, the risks associated with the IS have to
be considered adequately. These appear as positive and
negative deviations from the IS‘s expected cash flows.

e Requirement 3 (considering dependencies): In deter-
mining the value contribution, intratemporal (related to
one point in time) and intertemporal (related to
different points in time) dependencies of stochastic
cash flows of the IS have to be considered adequately.

* These sources discuss a larger number and/or more restrictive
requirements that take account of specific focuses than those
presented in this paper. The requirements listed here present a
comprehensive and general intersection in terms of a quantitative
financial valuation.
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By determining the value contribution and risk connected
to an IS, design alternatives can be compared based on their
economic effects on the company as a whole (Héckel et al.
2011, p. 414; Wehrmann et al. 2006, p. 236; Zimmermann
2008b, p. 464). If FIS is achieved, for example, by the
modularization of an IS, the number of modules is a design
parameter. When comparing two design alternatives, a higher
number of modules increases the scopes of action and thus
flexibility. However, this does not necessarily result in an
economic advantage if associated cash flows and risks exceed
the economic benefits drawn from flexibility.

Moreover, dependencies of the stochastic cash flows in-
fluence value contribution and risk significantly (Hackel et al.
2011, p. 415; Wehrmann et al. 2006, p. 235). There may be
dependencies between particular cash flows of the valuated IS
itself, but also dependencies on the cash flows of the com-
pany-wide IS landscape. Considering the modularized IS
mentioned above, a decision about the number of modules
can affect the requirements (and associated cash flows)
concerning IT security (intratemporal). At the same time, the
specification of a fixed number of modules may curtail the
flexibility of business processes as a part of the existing IS
environment and reduce future profits (intertemporal). De-
sign alternatives therefore differ in value contribution and
risk but also in the dependencies of their cash flows, which
necessarily have to be considered (Héickel et al. 2011, p. 415).

2.2 Comprehensive FIS Definition and FIS
Characteristics Driving its Economic Value

Concerning the concept of flexibility, a variety of eco-
nomically influenced definitions exists in various fields such as
finance, organization, production, decision theory, and BISE
(Voigt 2007). It is agreed upon that flexibility is a multidi-
mensional and polymorphic construct and thus difficult to
define (Evans 1991, p. 73; Sethi and Sethi 1990, p. 289; Suarez
etal. 1995, p. 31). Because of this, a standardized and generally
accepted understanding of flexibility with a uniform definition
and a taxonomy for different fields of research does still not
exist (Golden and Powell 2000, p. 373; Saleh 2009, p. 307;
Voigt 2007, p. 605). Especially in the literature of BISE, a
variety of diversely precise descriptions of FIS can be found,
which are usually limited to particular elements of an IS’ (Byrd
and Turner 2000, p. 172; Chanopas et al. 2006, p. 633; Jacome
2007, p. 3; Shaw et al. 2007, p. 92).

3 1S include [t]he entire infrastructure, organization, personnel, and
components for the collection, processing, storage, transmission, display,
dissemination, and disposition of information” (ATIS 2013). These
numerous elements of IS are usually organized on architectural layers
(Aier and Winter 2009, p. 178; Buhl and Kaiser 2008, p. 47; Krcmar 1990,
p. 399; Winter 2003, p. 94). A definition/description of flexibility, based
only on single elements or individual layers of an IS must therefore be
regarded as limited, especially since existing dependencies cannot be or
are only partially accounted for in the analysis.
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Within this paper, FIS is comprehensively defined as an
ex ante designed ability of an IS to adapt purposefully to
system or environmental changes within given limits dur-
ing its lifetime (Bernandes and Hanna 2009, p. 41; Voigt
2007 p. 600; Wagner et al. 2011, p. 811). This definition
aims for the complete IS and does not limit itself to specific
elements of the IS. The majority of literature from other
disciplines use similar definitions of flexibility, especially
when referring to (investment) decisions regarding an
economically informed application of flexibility and the
associated quantitative valuation or measurement (Man-
delbaum and Buzacott 1990, p. 17; Mellwig 1972, p. 726;
Voigt 2007, p. 606). Moreover, this definition follows a
recent comprehensive literature study on IS flexibility,
which summarizes FIS in an analogous definition (Wagner
et al. 2011, p. 811). Thus, this comprehensive definition is
suitable to derive the characteristics of FIS that drive its
economic value.

The definition shows that FIS aims for exogenous
changes. These generally lead to the fact that the objectives
of an affected IS can no longer be achieved in the best
possible way. Being adaptable, the IS can cope with op-
portunities and risks resulting from exogenous changes
without having to be replaced completely before the end of
its lifetime (Bernandes and Hanna 2009, p. 41; Perridon
etal. 2012, p. 111; Saleh 2009, p. 307). This is achieved by
scopes of action enabled by various IS features which have
to be implemented ex ante (Bernandes and Hanna 2009,
p. 41; Mandelbaum and Buzacott 1990, p. 17; Mellwig
1972, p. 726). When these scopes of action are in place,
decisions on the design of an IS are not bound to the very
time the IS is implemented. Rather, subsequent decisions
during the lifetime of the IS are enabled within given limits
and previous decisions can be revised, i.e., taken back or
altered. (Gupta and Rosenhead 1968, pp. B-19; Marschak
and Nelson 1962, p. 42; Perridon et al. 2012, p. 141). The
scopes of action specify all possible subsequent decisions
and thus the limits and the amount of cash necessary for
adaptation to exogenous changes (Bernandes and Hanna
2009, p. 41; Saleh 2009, p. 307).

FIS therefore constitutes a financial value only if system
or environmental changes occur during the lifetime of the
IS, and if the scopes of action allow an adaptation to these
particular changes. Summarized, the value of FIS depends
on which system or environmental changes occur during
the lifetime of the IS, which scopes of action are available,
and to what extent these scopes of action enable adaptation
to the changes.6 Furthermore, it is also connected with risk,

6 Concerning the example of the flexible online ordering system
again: a scalable IS can be adapted to a widely fluctuating demand.
Modularization, however, does not allow an adaptation to this
particular change. If the IS is able to scale but with certain
restrictions, the adaptation is only partially possible.

as the available information on changes that may occur in
the future is typically incomplete at the time of assessment
(Laux 2005, p 105; Perridon et al. 2012, p. 108). Thus, all
these characteristics of FIS which drive its economic value
have to be captured by suitable valuation approaches.

2.3 Financial Valuation Approaches Suitable
to Valuate FIS

The financial literature provides a variety of different
theory-based valuation approaches (Franke and Hax 2009,
p. 140; Perridon et al. 2012, p. 29). The decision tree ap-
proach (DTA) and the real option approach (ROA), both
based on the net present value, are the only two valuation
approaches that can capture all characteristics of FIS which
drive its economic value and meet the fundamental re-
quirements of a sound financial valuation of IS.

As a key financial valuation approach, the net present
value (NPV) determines the value of an investment by
summing up all its discounted future cash flows. The risk
associated with these cash flows is taken into account by
risk premiums on the required return or deductions for risk
on payment surpluses (Buch and Dorfleitner 2007; Perridon
et al. 2012, p. 52). This approach has prevailed in literature
and practice, mainly because it is consistent with the
generally accepted objective of a value-oriented manage-
ment (Coenenberg and Schultze 2002; Coenenberg and
Salfeld 2007, p. 3; Danielson et al. 2008, p. 62).

If scopes of action enable subsequent decisions during
the lifetime of an investment, the NPV can be applied
within the DTA (Hax and Laux 1972). Starting with the
initial decision, this approach captures all possible random
events subsequently along with their probabilities of oc-
currence and all following decisions within the branches of
the so-called decision tree. Any combination of event and
decision represented by one branch results in a specific
level of cash flows. The value of the investment in total can
then be determined by using the roll-back method. In this
way, all combinations of a possible event (weighted with
its probability of occurrence) and the subsequent decision
are examined to identify the path of the decision tree where
the expected NPV of the investment reaches its maximum
(Franke and Hax 2009, p. 284; Perridon et al. 2012, p. 141).

The FIS characteristics driving its economic value are
captured completely by the DTA: any system or environ-
mental change is represented by an event in the decision
tree. The scopes of action determine all possible decisions.
The level of cash flows following a particular event/deci-
sion combination depends on the extent to which the
available scopes of action makes it possible to adapt to the
changes. The risk for the occurrence of exogenous changes
is considered in the probabilities of occurrence of the
particular events.
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To determine the value of FIS, the IS has to be
valuated first assuming that no subsequent decisions are
possible, even if external changes occur. Then the IS must
be valuated again, taking into account the decisions en-
abled by the scopes of action. The difference between the
two results equals the value of FIS (Merton and Perold
1993). To enable a decision between design alternatives
of FIS for the same IS, the respective decision trees of the
design alternatives are set up. These include the very
same events, but differ in terms of possible decisions and
therefore in terms of the cash flows of the event/decision
combinations. The design alternative to be chosen (taking
into account a possibly existing budget restriction) is the
one expected to achieve the highest NPV (Perridon et al.
2012, p. 60).

Considering our previous example again: the number of
accesses to the online ordering system, triggered by fluc-
tuating demand, constitutes the risky event. If both possible
design alternatives enable either a complete or a partial
adaptation to the rise in access, they would allow different
decisions leading to the very same event, resulting in dif-
ferent cash flows. The path with the highest expected NPV
within each of the two different decision trees then deter-
mines the values and allows a financially sound decision
between the two different design alternatives.

The ROA is the second approach available to deal with
scopes of action within an investment. It considers the
decisions possible during its lifetime in analogy to a fi-
nancial option as so-called real options. The total value of
the investment is determined from the NPV without scopes
of action plus the value of all particular real options. To
valuate a real option (and therefore to determine the value
of flexibility), the valuation approach for financial options
is used: At the time of valuation a self-financing portfolio
duplicating the (real) option’s cash flows is formed. It in-
cludes an asset traded on a market and a risk-free asset. The
value of the (real) option is equal to the observable market
price of the duplicating portfolio at the time of valuation
(Perridon et al. 2012, pp. 146, 353; Trigeoris 1996).

Again, all FIS characteristics driving its economic value
are captured completely: the scopes of action determine the
particular real options to be valuated. The possible system
or environmental changes and the associated risk are rep-
resented by the conditions of exercising the real options.
The cash flows of the real option depend on the extent the
available scopes of action enable adaptation to the changes.
The procedure for determining the value of FIS corre-
sponds to that of DTA. To decide between design alter-
natives, the respective NPV plus the value of each
available real option has to be determined. Again, the de-
sign alternative to be chosen is the one expected to achieve
the highest NPV considering possible budget restrictions
(Perridon et al. 2012, p. 60).
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In the familiar example, the opportunities enabled by
scalability constitute a real option. The two design alter-
natives possess different real options because they allow a
complete or only a partial adaptation to the increased
number of accesses to the online ordering system. The
different cash flows resulting from these real options have
to be duplicated for each case and valuated.

Summing up, both valuation approaches are able to
capture all FIS characteristics driving its economic value
and they comply with the three fundamental requirements
of IS valuation (see Table 3 for an overview): they use cash
flows to determine the investment’s value (Requirement 1)
and consider possible risks (Requirement 2). Dependencies
(Requirement 3) can be considered, for example, via
stochastic dependency measures in DTA, and by bundling
different options in ROA.” Both valuation approaches
therefore allow a sound financial valuation of FIS and an
economically informed decision on the design of FIS.

The fundamental difference between both valuation
approaches is found in the assessment of risk. DTA con-
siders the personal risk preference of the decision maker
who usually is assumed to be risk-averse. Therefore,
separate, i.e., state-dependent return rates are required to
determine the NPV in the decision tree for each event/
decision combination. The ROA, however, relies on market
prices observed for the duplication portfolio, which already
include the risk of the underlying cash flows. It therefore
valuates free from personal risk preferences (Perridon et al.
2012, pp. 148, 353).%

3 Preliminary Work Necessary to Perform
the Literature Review

Having the theoretical foundations for a sound financial
valuation of FIS in place, now the framework to review the
literature on FIS valuation is presented along with the
procedure of literature search and selection.

7 See corresponding literature for further information. The scopes of
action of FIS can be interpreted as special intertemporal dependen-
cies, which are already captured by the application of DTA or ROA.

8 As in all valuation approaches, there are critical questions about the
applicability of DTA and ROA. With DTA particularly the status-
dependent return rate poses a problem (Perridon et al. 2012, p. 148).
This does not apply to ROA due to a valuation free of preferences.
However, the necessity for a portfolio, continuously traded on the
market, which perfectly duplicates the cash flows of the real option to
be valued shows its limitations (Buch and Dorfleitner 2007, p. 142;
Kruschwitz 2011, p. 420). These fundamental difficulties affect the
value to be determined. See Hommel and Pritsch (1999, p. 130) or
Perridon et al. (2012, p. 132) for procedures to handle these
difficulties.
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Table 3 Overview of DTA and ROA concerning fundamental requirements for IS valuation and FIS characteristics driving its economic value

DTA

ROA

Fundamental requirements for IS valuation

Valuation on the basis of all
stochastic cash flows during the
lifetime of the IS

Fulfilled: The net present value (NPV)
sums up all discounted future cash flows
of the IS at the time of valuation
considering the scopes of action within

Fulfilled: The NPV sums up all discounted future cash flows
of the IS at the time of valuation without considering the

scopes of action. The value of cash flows of all real options
enabled by the scopes of action is determined by the market

the decision tree

Consideration of risk as positive
and negative deviations from

expected cash flows premiums or deductions

Consideration of intra- und

intertemporal dependencies of

stochastic cash flows
measures

FIS characteristics driving its economic value

System or environmental changes
decision tree

Scopes of action
decision tree

Extent of adaptations to changes
enabled by scopes of action

Risk associated with future changes
occurrence

Fulfilled: Calculating the NPV, risk can
be taken into account for by means of risk

Fulfilled: Calculating the NPV,
dependencies can be considered, for
example, by stochastic dependency

Considered: By the events within the
Considered: By the decisions within the
Considered: By the cash flows following

from any event/decision combination

Considered: By the events’ probability of

prices of all corresponding duplication portfolios at the time
of valuation and added to the NPV

Fulfilled: For the NPV as described to the left. The risk of any
individual real option is reflected in the market price of the
duplication portfolio

Fulfilled: Dependencies can be considered, for example, by
bundling different options

Considered: By the real options to be valuated
Considered: By the real options’ exercising conditions
Considered: By the performance of the asset held in the

duplication portfolio

Considered: By the real options’ exercising conditions

3.1 Framework to Analyze Literature on FIS Valuation

The theoretical foundations for FIS valuation illustrate its
complexity. Their precise understanding and a compre-
hensive identification and assessment of all necessary input
is required before applying the valuation approaches. For all
financial valuation approaches, especially the cash flows—
associated with the specific IS during its lifetime—play a
decisive role. Moreover, for both DTA and ROA, flexibility
affect these cash flows in a substantial way. As already
mentioned in the introduction, gathering all attributable and
therefore required cash flows is difficult, even when an in-
vestment without flexibility is valuated. Considering scopes
of action during the lifetime of the investment creates ad-
ditional challenges. This is particularly true for FIS, since it
is enabled by the interaction of numerous different IS fea-
tures. The influence of all foreseeable system or environ-
mental changes as well as the impact of all enabled
adaptations on all cash flows have to be determined. Thus,
in addition to theoretical considerations of FIS valuation,
practice has a need for application-related literature which
demonstrates a methodically correct valuation in particular
applications. With regard to the different IS functions en-
abling FIS, it can support practice when, for example, used
as a blueprint or at least a guideline.

Hence, to structure and to analyze the literature on FIS
valuation according to Target 2 by examining its theore-
tical foundation and its particular application scenario, the

following framework is applied: first, a structured overview
of the relevant literature is given, focusing on the FIS
characteristics driving its economic value as well as the
valuation approach used. Then, an in-depth analysis of
each paper is performed in order to analyze to what extent
the fundamental requirements for IS valuation are followed
as well as which IS features enabling scopes of action were
focused on and therefore examined to gather the input
(esp. cash flows) necessary for its valuation. In doing so, it
can be shown whether the valuation of FIS within the lit-
erature was well founded, and the need for further devel-
opment within this part of BISE research is revealed.

3.2 Search for and Selection of Relevant Literature

The definition of keywords is a crucial step to select all
relevant papers as completely as possible from the wide
range of literature covering a specific subject (Levy and
Ellis 2006, p. 190). This is challenging due to the not yet
fully developed understanding of FIS and the various fea-
tures of an IS which enable flexibility. In consequence, a
bundle of different terms was defined from central papers
dealing with the construct of flexibility. This includes the
terms agility and responsiveness, which describe two
constructs related to flexibility (Bernandes and Hanna
2009, p. 31). And it includes all IS features, identified by
empirical studies, which enable flexibility (Chanopas et al.
2006, p. 646; Byrd and Turner 2000, p. 192; Duncan 1995,
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Table 4 Literature search criteria

Criterion Characteristics

Search Flexibility

terms Related constructs: agility, responsiveness
IS features enabling flexibility: compatibility, connectivity, continuity, facility, it personnel competency, modernity, modularity,
rapidity, scalability
Terms related to the term flexibility: adaptability, corrigibility, hedging, liquidity, robustness, versatility
Truncations have been used (“agil*” instead of “agility”) in order to catch combinations such as “agile information systems”.
Publications in German were searched using corresponding German terms. See Table 8 (in the online-appendix; available via
http://link.springer.com) for details.

Search Title, abstract, keywords

fields

Journals VHB Jourqual 2 (2008) Partial ranking “Wirtschaftsinformatik und Informationsmanagement” and “Electronic Commerce”
including up to category B, and the journals that were added to the relevant categories in Jourqual 2.1 of 2011 (those that the
author considers applicable in these partial rankings)

MIS journal ranking up to and including a score of 18,00
Overall: 44 journals, listed in Table 8 (in the online-appendix)

Conferences Americas Conference on Information Systems (AMCIS), European Conference on Information Systems (ECIS), International
Conference on Information Systems (ICIS), Hawaii International Conference on System Sciences (HICSS), Internationale Tagung
Wirtschaftsinformatik (WI)

Search Publications from 2003/01 to 2013/02

period

p- 52) as well as terms that have a close relationship to the
term flexibility” (Evans 1991, p. 75).

With regard to the sources of literature to be considered,
recourse to top-tier publications of the respective disci-
plines has proven to be most effective (Webster and Wat-
son 2002, p. xvi). For BISE, this would preferably include
the VHB-Jourqual (Verband der Hochschullehrer fiir
Betriebswirtschaft e. V. 2008) and the MIS Journal
Ranking (Association for Information Systems 2013).
These sources can be searched by using scientific
databases, considering only results of journals which are
listed in these rankings. Alternatively, a pre-selected and
limited list of publications from the rankings can be sear-
ched. Taking into account the large number of different
terms which are of common usage and cannot be further
specified by adding terms such as “information system”
(otherwise papers, which, for example, deal with flexibility
in business processes, would not be found), the latter ap-
proach appears to be most useful. Otherwise, the list of
results would require a subsequent manual selection of
relevant literature which seems impossible to conduct with
reasonable effort. A sufficiently large number of publica-
tions must then minimize the limitation caused by pre-

° Evans (1991) discusses various terms, often used as a synonym for
the term flexibility and aligned them in the three groups according to
their various meaning. For this paper, the terms summarized in the
group “Capacity for new situations” have been chosen, because this
definition comes closest to the meaning of flexibility used here.

@ Springer

selecting. For this reason, 44 journals and 5 of the major
international conferences were chosen.

As already noted in the introduction, modern architec-
tural concepts currently boost the discussion on FIS.
Working in a fast-evolving field, papers valuating FIS
especially in contemporary scenarios should be focused on.
Therefore, the period of search was specified to comprise
roughly 10 years from January 2003 to February 2013.
Table 4 outlines the literature search criteria.

The literature search was carried out in different
databases which gave access to the archives of the re-
spective journals or conferences (see online-appendix). The
search terms were entered one at a time and all papers
dealing with a quantitative financial analysis of IS were
selected. In doing so, 16 papers (no duplicates) were
identified and subsequently examined as to whether they
deal with FIS and whether a valuation was made. As the
understanding of FIS corresponding to the definition above
was taken as a basis, four papers were excluded, such as
Latt and Altmann (2011), who consider “service flex-
ibility” as “the possibility for users to adapt their business
process according to their needs”, but do not include sys-
tem or environmental changes in the quantitative analysis.
Finally, twelve papers remained as relevant for this review.

4 Literature Analysis

To obtain an overview of the existing literature on FIS
valuation, the relevant papers are summarized in Table 5,
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Table 5 Results of the literature analysis: understanding of FIS and valuation approaches found in the relevant papers
Paper Scopes of action and enabled adaptations System or environmental changes and Valuation
associated risk approach
Bardhan et al.  FIS enables the option to expand an IS/to add additional IS ~ Customer acceptance and competitors’ reactions ROA
(20044a, b) are risky and influence the cash flows of the
individual IS
Benaroch et al. FIS enables the option to react to various defined changes Different risk factors identified in a case study = ROA
(2007) during the implementation of an IS influence the risky cash flows of the IS
Braunwarth FIS enables an on-demand integration of service providers to  Stochastic demand leads to waiting times DTA
and Ullrich execute excess demand externally influencing the risky cash flows of order
(2010) execution
Dolci et al. FIS enables the option to expand an IS/to add additional IS  Different unspecified changes influence the ROA
(2010) risky cash flows of the additional IS
Erdogmus FIS enables the implementation of an IS in individually usable Each section changes the unspecified risks of DTA
(2005) sections and the termination of planned but not implemented cash flows associated with planned but not
sections if necessary implemented sections
Ilk et al. (2010)  FIS enables the option to expand an IS/to add additional IS, to Different unspecified changes influence the risky ROA
postpone their implementation, and to put them to different  cash flows of the additional IS
uses
Kumar (2004)  FIS enables an IS to adapt to changes Different changes outlined by unspecified DTA
examples influence the stochastic and thus risky
value of the IS
Probst and FIS enables the combination of IS from different vendors to a Usage and availability of the individual IS are =~ DTA
Buhl (2012) portfolio within a given period and with multiple decisions risky and influence the cash flows of the
portfolio
Schober and FIS enables an IS to adapt to changing requirements and to ~ Requirements that are not determined in advance DTA
Gebauer expand its functionality accordingly influence the thus risky cash flows of the IS and ROA
(2009, 2011)
Sing et al. FIS enables the option to change the vendor of an IS or the IS Vendors and their available IS are continuously ROA
(2004) itself in more frequent intervals by leasing the IS instead of  developed and influence their risky cash flows

operating it internally

structured according to the characteristics of FIS which
drive its economic value and to the valuation approach
used.

A comparison of the different understanding of FIS re-
flected in the scopes of action and the enabled adaptations
to exogenous changes considered within the relevant pa-
pers shows the diversity of the FIS construct and its various
applications. Regarding the fundamental orientation of
these papers, two priorities stick out: Dolci et al. (2010),
Erdogmus (2005), Ik et al. (2010) and Kumar (2004) ex-
amine the valuation of FIS conceptually. They present
scopes of action and their impact on the cash flows of the
respective IS, formulated in a rather general way, along
with matching valuation approaches. Using examples, the
application of the valuation approaches is demonstrated
and the advantage over non-flexible IS is illustrated.
Hence, these papers focus on demonstrating the suitability
of the used valuation approaches to access the value of FIS.
The eight remaining papers, however, assess specific ap-
plications by examining FIS design alternatives that enable
specific scopes of action. Compared to the conceptually
driven papers, specific exogenous changes and their impact

on the cash flows of the respective IS are described in
detail. Thus, the interaction of exogenous changes and the
adaptations enabled by the scopes of action are shown
clearly along with the difficulties and solutions to gather all
necessary input for valuation in a particular application.

Both DTA and ROA are used equally within the set of
relevant papers. The application of ROA is always imme-
diately apparent. In all other papers, the proposed proce-
dure for valuation corresponds to the application of the
DTA, even though this is not mentioned explicitly or a
variation of the ideal-typical application described above is
respectively applied.

For the detailed analysis announced within the frame-
work outlined above, all papers were examined indi-
vidually. First, three questions were formulated to analyze
to what extent the fundamental requirements for IS val-
uation are satisfied. Table 6 summarizes these questions
along with the results of the analysis. It comes clear that all
papers valuate FIS based on the cash flows attributable to
flexibility during the lifetime of the IS. They also consider
risk in form of deviations from the expected cash flows.
Hence, the first two requirements stated above are fulfilled.
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Table 6 Results of the literature analysis: consideration of fundamental requirements for IS valuation within the relevant papers

Paper
based on its value contribution
determined by all attributable
cash flows during the lifetime

Requirement 1: Is FIS valuated

Requirement 2: Is risk
determined by deviations
from all attributable
expected cash flows

Requirement 3: Are dependencies of
all attributable cash flows considered
that exceed the dependencies incurred
by the scopes of action?

of the IS? considered?
Bardhan et al. (2004a, b) Yes Yes No
Benaroch et al. (2007) Yes Yes Yes
Braunwarth and Ullrich (2010) Yes Yes No
Dolci et al. (2010) Yes Yes No
Erdogmus (2005) Yes Yes No
Ik et al. (2010) Yes Yes No
Kumar (2004) Yes Yes No
Probst and Buhl (2012) Yes Yes Yes
Schober and Gebauer (2009, 2011) Yes Yes No
Sing et al. (2004) Yes Yes Yes

Table 7 Results of the literature analysis: examined IS features enabling scopes of action

IS features enabling scopes of action considered within the papers
(an asterisk* denotes features mentioned explicitly in the paper’s text)

Paper Found with search term
Bardhan et al. (2004a, b) Flexibility
Benaroch et al. (2007) Flexibility
Braunwarth and Ullrich (2010) Flexibility
Dolci et al. (2010) Flexibility
Erdogmus (2005) Flexibility

Tk et al. (2010)
Kumar (2004)

Flexibility, agility
Flexibility, connectivity

Probst and Buhl (2012) Flexibility
Schober and Gebauer (2009, 2011) Flexibility
Sing et al. (2004) Flexibility

Scalability

Modularity, scalability
Compatibility, connectivity*, rapidity
Scalability

Scalability

Modularity, scalability

Due to the conceptual nature of the study, an assignment of IS features
is not reasonable (cf. statements within the text).

Continuity, modularity*
Scalability

None of the characteristics identified so far can be assigned
(cf. statements within the text).

Dependencies, however, going beyond the necessarily
considered dependencies caused by the scopes of action,
are taken into consideration explicitly only by Benaroch
et al. (2007), Probst and Buhl (2012), and Sing et al.
(2004). All other papers valuate FIS assuming that the
necessary decisions have no influence on any other cash
flow associated with the particular IS or on any cash flows
associated with other IS within the company’s IS portfolio.
Thus, they are neglecting important factors influencing the
value of FIS.

For the second detailed analysis, the papers were ex-
amined concerning the IS features enabling scopes of ac-
tion in their particular application. All papers were checked
in detail as to which of the IS features, as listed in the
introduction, are considered. Table 7 summarizes the
results.

None of the papers directly refer to studies concerned
with those features of an IS which initially enable the scopes

@ Springer

of action. Hence, assigning the IS features considered
within the papers was performed indirectly according to the
scopes of action described in the particular paper. If relevant
IS features were mentioned, even if there was no reference
to the literature, the entry in Table 7 was marked with an
asterisk (*). In two papers a mapping of IS features did not
make sense or was not possible: Kumar (2004) mentions
connectivity as an example of one of the known IS features,
but considers the enabled adaptations only conceptually and
abstracts from concrete characteristics. Hence, assigning
this IS feature is not useful for the analysis within this re-
view that aims to identify literature examining the valuation
of FIS in detailed application scenarios. Sing et al. (2004)
examines a particular scope of action that matches none of
the known IS features enabling FIS.

Overall, the results of this second in-depth analysis show
that the findings of empirical research on FIS concerning
the IS features enabling scopes of action have not found
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their way into the literature on FIS valuation yet. Even
though some of the IS features are found within the rele-
vant papers, no (systematic) attention is paid to these
central design parameters of FIS. This is surprising, as the
connection to particular IS features, which enable scopes of
action during the lifetime of an IS and thus build the fun-
damental cause FIS is reducible to, might help and simplify
gathering all necessary input required for valuation by re-
lying on the accumulated knowledge found within corre-
sponding streams of BISE literature. Moreover, it is
revealed that, contrary to the needs of practice, the lit-
erature on FIS valuation does not provide a structured and
comprehensive approach to examine all interacting IS
features enabling FIS in detailed application scenarios.

5 Conclusion

This paper deals with the state of research regarding the
financial valuation of flexibility of information systems. It
is founded on a comprehensive definition of FIS as the
ability of an IS to adapt purposefully to system or envi-
ronmental changes within given limits. Two targets are
pursued: first, the theoretical foundations of a sound fi-
nancial valuation of FIS are gathered and suitable financial
valuation approaches are identified. Second, based on a
structured review, the literature focusing on the application
of FIS valuation in different specific scenarios is analyzed.
Working with theoretical as well as with application-ori-
ented literature of BISE and Finance, the following insights
are gained:

e The value of FIS depends on the extent to which
adaptations to exogenous changes are made possible by
the scopes of action during the lifetime of an IS enabled
by different IS features implemented ex ante. There are
two theory-based approaches which are suitable for the
financial valuation of FIS: the decision tree approach
and the real option approach both comply with the three
fundamental requirements for IS valuation and capture
all FIS characteristics that drive its economic value.
However, the application of these approaches is not
trivial. It requires a thorough understanding of the
approaches and a comprehensive identification and
assessment of the required input to gain reliable results.
Especially the impact of all FIS-enabled adaptations to
system or environmental changes on all cash flows of
the specific IS over its lifetime has to be determined.

e Collecting all attributable cash flows and the corre-
sponding impact of FIS is difficult. As particular IS
features build the fundamental cause FIS is reducible
to, they play a key role. Application-related literature,
demonstrating a methodically correct valuation with

regard to these IS functions in particular applications,
can support practice when, for example, used as a
blueprint or a guideline. Unfortunately, the amount of
corresponding literature is surprisingly small. Within
only twelve papers different applications of FIS were
examined concerning their financial value assessed by
decision tree analysis or real option analysis,
respectively.

e The existing literature on FIS valuation shows weak
spots in two aspects: Dependencies, going beyond the
necessarily considered dependencies caused by the
scopes of action are mostly not taken into account.
Eight out of twelve papers valuate FIS assuming that
the necessary decisions have no influence on any other
cash flow associated with the particular IS or on any
cash flows associated with other IS within the compa-
ny’s IS portfolio. Thus, they are neglecting important
factors relevant for the value of FIS. Further research
must pay more attention to important dependencies, in
order to avoid incorrect values leading to errant
decisions. Furthermore, no systematic attention is paid
to the findings of empirical research on FIS concerning
the IS features enabling scopes of action. Contrary to
the needs of practice, the literature on FIS valuation
does not provide a structured and comprehensive
approach to examine all interacting IS features enabling
flexibility in detailed application scenarios. For this
purpose, additional research is required to demonstrate
a methodologically correct valuation for all these IS
features.

The financial valuation of FIS is of major importance to
make economically informed decisions on investments in
FIS or on design alternatives of FIS. The results gained
within this paper empowers practice with essential foun-
dations to determine the financial value of FIS. In addition,
it reveals the need for further development within this
stream of BISE research.
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