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Abstract 

Recent trends in digitalization combined with continuous innovation pressure lead to an increasing 
number of IT project, which nowadays are accomplished within huge IT project portfolios. Even though 
numerous IT project and portfolio evaluation and planning approaches have been developed and 
applied in companies all over the world, about 25% of IT projects still fail, which may result in a global 
value destruction of approximately 900 billion USD. With one main reason been detected in the lack of 
transparency regarding dependencies within IT portfolios, this paper draws on graph theory to provide 
a rigor consideration of the systemic risk that is based on different kinds of direct and indirect 
dependencies within IT portfolios. Based on this assessment, it provides an integrated novel, and 
quantitative approach for IT portfolio evaluation that strives to mitigate IT project failures, as it helps 
decision makers to evaluate their IT portfolios more adequately.  
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Introduction 

New trends like digitalization intensify the anyway high importance of Information Technology (IT) to 
companies all over the world. Additionally, recent technological developments and associated changes 
in customer expectations force companies to continuously come up with innovative ideas and creative 
solutions (Nguyen and Mutum 2012), which can be translated in a vast increase of IT projects to fulfill 
these demands. As a consequence, more and more IT projects are split up into several standalone but 
interrelated IT solutions with customer impact, to satisfy this continuous demand for innovation. To 
handle this development and the resulting increase of IT project portfolio complexity, a holistic 
approach for the valuation of IT project portfolios, which are henceforth simply referred to as IT 
portfolios, is crucial. Although there are already a number of approaches, the investments in planning 
techniques for IT projects and IT portfolios still increase. (Gartner 2014). Nevertheless, there is still an 
alarming high number of failed IT projects. In this context, Flyvbjerg and Budzier (2011) contend that 
around 16% of IT projects cause an average budget deficit of about 200%. Moreover, there are project 
failure rates of above 25% (Mieritz 2012), which may result in a global value destruction of 
approximately 900 billion USD (Gartner 2013). Consequently, recent studies show that existing 
methods for IT project and IT portfolio evaluation might not be sufficient (Flyvbjerg and Budzier 2011; 
Radar Group 2012). 

Usually, IT projects are planned and implemented within aggregated and quite extensive portfolios of 
several different IT projects, like mobile app development projects, database restructuring projects, and 
big software development projects for business systems applications. Therefore, they incorporate high-
order dependencies in contrast to projects that are accomplished in isolation or pairwise (Graves et al. 
2003). Consequently, one major reason for project failures may be the inappropriate reflection and 
consideration of dependencies regarding shared assets between IT projects (CA Research 2008). This 
fact is also supported by a questionnaire done by the Radar Group, surveying 560 IT decision makers 
in Scandinavia, which concludes that one reason for IT project failure is a lack of transparency regarding 
dependencies (Radar Group 2012). Furthermore, the management of those dependencies could most 
probably also help to reduce overall IT project costs and increase the achieved benefits of IT projects 
(Santhanam and Kyparisis 1996). However, many existing methods do neither consider dependencies 
of IT portfolios nor their associated risk. Even if there are some approaches (cf. Beer et al. 2013; 
Kundisch and Meier 2011; Lee and Kim 2001; Wehrmann et al. 2006), which do consider dependencies 
within their IT project or IT portfolio evaluation procedure, they do not consider the specific 
characteristics of IT portfolio dependencies. Different kinds of dependencies or the prevalence of 
transitive dependencies are almost consistently neglected in existing IT portfolio evaluation methods. 
Furthermore, some approaches which do consider dependencies of IT project portfolios in a more 
elaborate way, lack the quantitative evaluation of them and are therefore mostly not regarded as a 
reasonable decision-support for IT portfolio managers (Müller et al 2015). Generally, most approaches 
also lack the feasibility for practical application (Zimmermann 2008), which further emphasizes the 
need from praxis for adequate means for IT portfolio evaluation that incorporate a detailed assessment 
of risk based on interdependencies of IT projects. 

Like already stated by Benaroch and Kauffmann (1999), “a major challenge for IS research lies in 
making models and theories that were developed in other academic disciplines usable in IS research 
and practice”. Since classical methods of project and portfolio management are considered insufficient 
for the specific characteristics of IT portfolios, we draw on a concept from sociological research based 
on graph theory. By considering IT portfolios as IT project networks, where projects are reflected by 
nodes and dependencies between them by arcs, we present a fresh and novel approach that combines 
concepts from graph theory with classical portfolio theory. Thus, we are able to develop an integrated 
approach of value-based IT portfolio evaluation that considers costs, benefits, risks and different kinds 
of dependencies in a thoroughly, quantitative and feasible way. Especially the appropriate consideration 
of different kinds of dependencies and in particular of transitive dependencies in IT portfolios is 
supposed to be a main contribution of this paper, since they have been identified as an important reason 
for IT project failures but have not yet been sufficiently considered in existing research to the best of 
our knowledge. Therefore, the results should empower decision-makers to adequately consider 
dependencies and associated risks within their IT portfolio evaluation. 

To provide a relevant and rigorous approach, we follow (Hevner et al., 2004) and (Gregor and Hevner, 
2013). We develop our approach as an artifact and evaluate it considering design science guidelines. To 
state the relevance and the need for an integrated approach for value-based IT portfolio evaluation 
clearly, we draw on motivation from research and practice in section 1. Based on a structured literature 
review and recent state-of-the-art articles, in section 2 we explain the key terms and concepts, how they 
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are connected, and how they are already addressed in research. In section 3 we develop our integrated 
approach step by step to ensure comprehensibility. To guarantee research rigor, we base our approach 
on existing literature and well-established methods and theories. We draw on simulation as our method 
of choice to evaluate our approach in section 4. Thereby we show the plausibility of our approach itself 
and indicate benefits in comparison to well-established theories. Section 5 concludes, shows existing 
limitations of the approach, and gives indications for future research.  

Theoretical Background 

Since decades the subjects of IT project and IT portfolio evaluation as well as an appropriate 
consideration of dependencies, are highly relevant topics in research and practice. Hence, it is 
reasonable that over the last decades an extensive amount of publications has been published in this 
context. To develop a fresh approach that holistically assesses dependencies within a value-based IT 
portfolio evaluation, we need to understand and integrate three subtopics of research in this context. 
Thus, we first give a general overview about methods for IT project and IT portfolio evaluation. 
Afterwards, different kinds of dependencies are identified and elaborated, before we examine how they 
are currently appraised in literature. Therefore, we do a keyword (dependency, interdependency, 
interaction, project, portfolio, information technology, information systems, model, method, 
requirements, approach, quantification, assessment, IT project, evaluation, value assurance, valuation) 
based search of different data bases (AIS Electronic Library, EBSCOhost, EmeraldInsight, ProQuest, 
ScienceDirect, Wiley, Google Scholar, JStor, Springer, ACM). Although this search reveals a lot of 
relevant articles, we find that most of them are already condensed within most recent state-of-the-art 
articles. Regarding our first subtopic of IT project and IT portfolio evaluation methods, Beer et al. (2013) 
include an extensive literature review section within their research about an integrated project 
quantification method. The second subtopic of different kinds of dependencies is outline by Wolf (2015) 
and quite comprehensively also by Müller et al. (2015), who provide a dedicated state-of-the-art article 
to different kinds of dependencies and their current appraisal. Therefore, based on our keyword based 
search and the recently published state-of-the-art articles, we try to provide a brief, sound and especially 
integrated overview about existing research, which however is structured according to the three 
aforementioned subtopics. However, for a more detailed literature synthesis to one or all of the 
presented subtopics, please refer to the respective articles of Müller et al. (2015), Wolf (2015) and Beer 
et. al (2013). 

Methods for IT Project Evaluation and IT Portfolio Evaluation 

In this context it is important to notice, that the evaluation of IT portfolios generally includes the 
evaluation of IT projects. Furthermore, IT project evaluation methods are sometimes simply adopted 
to IT portfolio evaluation. Therefore, as it is almost impossible to distinctly delimitate IT project and 
portfolio approaches, this section gives only a brief overview about important IT project and portfolio 
evaluation methods, without distinguishing regarding premises for the application within a project or 
portfolio context. There are indeed many approaches and methods in literature which deal with IT 
project and portfolio evaluation. However integrated evaluation approaches that should consider 
benefits, costs, risk, and dependencies in a quantitative and feasible manner are quite rare, even if it is 
stated that this is a highly relevant topic in research and practice (Müller 2015). Existing approaches 
oftentimes just account for qualitative factors. Although, some models also use quantitative figures for 
the valuation of benefits and sometimes also risks, but unfortunately not on a monetary basis. In the 
following, we shortly present some existing approaches for IT project and portfolio evaluation. Since 
the scope of this paper is specifically on quantitative methods for IT project and portfolio evaluation, 
we focused on these kinds of approaches, although we are aware that lots of publications are heading in 
the direction of a more general evaluation that additionally accounts for qualitative factors. 

A frequently used possibility for IT project evaluation are so called scoring models (e.g. Walter and Spitta 
2004; Zangemeister 1976), which identify and weight all relevant evaluation criteria of a specific IT 
project. Subsequently, the resulting scores are aggregated to an overall value that enables the 
comparison of different alternatives. The Balanced Scorecard by Van Grembergen and De Haes (2005) 
is kind of a scoring model, too. Firstly, the relations of cause and effect of qualitative and quantitative 
key figures are described to identify two general types of key figures: performance drivers and output 
figures. Based on the degree of target achievement of each key figure, the project will be evaluated. The 
so-called WARS-Model (Ott 1993) has the ability to crudely estimate benefits and costs by subdivided 
them into three categories according to their tangibility. The risk aversion of decision-makers is kind of 
taken into account by different risk stages for optimistic or pessimistic decision-makers. A more 
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quantitative way of IT project evaluation was presented by Schumann (1993), whose approach is based 
on functional chains. By focusing on their effects, benefits can be depicted as monetary values. However, 
this approach lacks a proper quantitative integration of risks and dependencies. Another approach that 
considers quantitative values for costs, benefits, risks and dependencies in an integrated manner is the 
so called benefits management approach of Beer et al. (2013). Using preference functional they derive a 
monetary, risk adjusted project value. It also is proved as a feasible approach by business experts, but 
have not been applied to IT portfolio evaluation. Like the one of Beer et al. (2013) there are many 
approaches for IT project and portfolio evaluation that refer to or are based on the well-known 
Markowitz portfolio theory (1952) as this seems to be an adequate means to derive a risk adjusted value 
based on a 𝜇/𝜎-decision rule.  

Despite the vast number of different approaches for IT project and portfolio evaluation in research and 
practice, there is no integrated, value-based evaluation approach that additionally considers the specific 
characteristics of dependencies in IT portfolio to the best of our knowledge.  

Different Kinds of Dependencies 

As mentioned before, there are different kinds of dependencies between IT projects within IT portfolios. 
This fact is also reflected in respective literature. We found, that some articles just mention certain kinds 
of dependencies, while others try to integrate and structure these kinds of dependencies in specific 
frameworks. Most articles (e.g. Lee and Kim (2001); Santhanam and Kyparisis (1996); Tillquist et al. 
(2004) or Zuluaga et al. (2007)) report about resource dependencies, technical dependencies or 
dependencies regarding benefits. A further segmentation of resource dependencies distinguishes 
between personal and technical dependencies (Wehrmann et al. 2006). Personal dependencies refer to 
projects competing for personnel resources and technical ones to projects competing for technical 
resources. In contrast to the segmentation provided by Wehrmann et al (2006), Kundisch and Meier 
(2011) developed a framework for subdividing resource dependencies into allocation, performance, and 
sourcing dependencies.  

Technical dependencies are defined in many different ways in existing literature, but in general, two 
major categories can be differentiated: technical dependencies can either arise from two projects 
competing for technical resources like depicted by Wehrmann et al. (2006) or, otherwise, they can 
represent the fact that a specific project requires input from a precedent associated project. Benefit 
dependencies may also be considered as synergies (Buchholz and Roth 1987) and can be realized, if the 
value of at least one of the concerned projects increases when simultaneously being implemented with 
another. Examples for such synergies could be databases, which have been built for a certain project, 
and can likewise be used for other projects. Other examples are accumulated expert knowledge, which 
is relevant for more than one project, or the reuse of code fragments for two similar software 
development projects.  

A well-established way of structuring dependencies is provided by Wehrmann et al. (2006) and 
Zimmermann (2008) who distinguish between intra- and inter-temporal dependencies. Intra-temporal 
dependencies refer to dependencies of different projects that are accounted to the same period in time. 
They are supposed to encompass structural dependencies and resource dependencies. (Wehrmann et 
al. 2006) Looking at the number of related published articles, intra-temporal dependencies seem to be 
well recognized in literature, especially within the spectrum of Operations Research (e.g., Aaker and 
Tyebjee 1978; Carraway and Schmidt 1991; Fox et al. 1984; Gear and Cowie 1980; Medaglia et al. 2007; 
Kundisch and Meier 2011; Lee and Kim 2001; Santhanam and Kyparisis 1996; Stummer and 
Heidenberger 2003). Generally, there is a common understanding in literature about causes of resource 
dependencies in IT projects. They are supposed to arise due to the sharing of scarce resources like 
personnel, hardware (servers) or software (database logics) resources (Graves and Ringuest 2003; 
Santhanam and Kyparisis 1996). Structural dependencies can be divided in the subcategories process 
dependencies, data dependencies, and IT-functionality dependencies if two or more IT projects are for 
example based on the same processes, use the same data, or do apply the same IT-functionalities 
(Wehrmann et al. 2006).  

Inter-temporal dependencies in contrast refer to dependencies of different projects that are accounted 
to different periods in time. Thus, inter-temporal dependencies describe a coherence where a 
succeeding project is based on a preceding one. They can be distinguished in logical and technical or 
rather technological dependencies (Maheswari and Varghese 2005, Santhanam and Kyparisis 1996). 
Logical dependencies or integrative coherences are further subdivided into hard and soft dependencies 
by Bardhan et al. (2004). Other authors distinguish inter-temporal dependencies either in inter-
temporal output interactions (e.g., Pendharkar 2014) or in inter-temporal output-resource interactions 
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(e.g., Dos Santos 1991; Kumar 1996; Panayi and Trigeorgis 1998; Taudes 1998; Taudes et al. 2000). The 
majority of approaches however focuses on out-put-resource based dependencies, whereas just output 
dependencies without the resource context are barely included.  

To provide an overview about different kinds of dependencies and to enhance comprehensibility, Figure 
1 summarizes the different kinds of dependencies in a revised framework based on the ones by 
Wehrmann et al. (2006) and Wolf (2015). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Methods for Consideration of Dependencies 

To provide a more structured overview of existing research regarding the current appraisal of different 
kinds of dependencies, we structure this section according to the well-established classification of intra- 
and inter-temporal dependencies of Wehrmann et al. (2006). 

Intra-temporal dependencies  

There are different approaches to account for intra-temporal dependencies of IT projects and IT 
portfolios. One possibility is to integrate them as auxiliary conditions in an optimization model 
(Kundisch and Meier 2011; Lee and Kim 2001; Santhanam and Kyparisi 1996). Another way to consider 
dependencies, which for instance was used by (Beer et al. 2013; Butler et al. 1999; Wehrmann et al. 
2006) is to draw on portfolio theory of Markowitz (1952) to determine a risk and return optimized IT 
portfolio by normalized covariances of the corresponding IT projects. A modified discounted cash flow 
approach was presented by Verhoef, which considers dependencies implicitly while focusing on cost 
and time risks within the interest rate (2002). However, many of the presented methods partially fall 
short due to their underlying financial restrictions (Zimmermann et al.2012) or because they oftentimes 
due not consider the dependence structure of the whole portfolio but only focus on dependencies 
between two specific projects. Furthermore, a wide number of publications concerning intra-temporal 
dependencies, particularly from problem solving domains like Operations Research, do not only focus 
on the ex-ante evaluation but rather provide procedures to continuously consider dependencies during 
the portfolio planning processes. Thus, the contributions of these papers are methods, models, or 
algorithms that rather aim at solving specific capacity problems in the context of intra-temporal 
dependencies instead of integrating these intra-temporal dependencies in the IT portfolio evaluation  
(Aaker and Tyebjee 1978; Carazo et al. 2010; Carraway and Schmidt 1991; Cho and Kwon 2004; De 
Maio et al. 1994; Doerner et al. 2006; Eilat et al. 2006; Fox et al. 1984; Gear and Cowie 1980; Klapka 
and Pinos 2002; Lee and Kim 2001; Liesiö et al. 2008; Medaglia et al. 2007; Nelson 1986; Santhanam 
and Kyparisis 1996; Stummer and Heidenberger 2003; Weingartner 1966). 

Inter-temporal dependencies  

 

Figure 1. Dependencies in IT portfolio 
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Inter-temporal dependencies within IT portfolios are most commonly assessed by using real options 
approaches, which however stem from options theory in the financial sector. In particular, find several 
methods in literature that are based on the Black-Scholes model while only some use binomial trees to 
picture inter-temporal dependencies. (cf. Bardhan et al. 2004; Benaroch and Kauffmann 1999; Dos 
Santos 1991; Taudes et al. 2000). Although, as once again both procedures originally were developed in 
the financial sector, they feature specific restrictions and assumptions that are only partly fulfilled in 
the context of IT portfolios (Emery et al. 1978; Schwartz and Zozaya-Gorostiza 2003). Therefore, their 
appropriate applicability to inter-temporal dependencies in the context of IT portfolios is doubtful. For 
a more detailed discussion whether real option approaches are applicable in the IT portfolio context, 
please refer to Diepold et al. (2009) and Ullrich (2013), who provide a detailed investigation about the 
transferability of these methods for considering dependencies in IT project and IT portfolio evaluation.  

There are also first attempts to integrate the two kinds of dependencies, namely inter- and intra-
temporal dependencies (cf. Bardhan 2004, Pendharkar 2014). However, based on the outlined 
examination of current approaches for IT project and portfolio evaluation, different kinds of 
dependencies in IT portfolios and their current appraisal, we can conclude that different kinds of 
dependencies are almost always considered isolated from one another. However, since in reality 
different kinds of dependencies are interconnected and they can be found in every IT portfolio, they 
have to be considered in a holistic way, which is not done by any approach so far (cf. Müller et al. 2015). 
Moreover we found, that none of the existent IT portfolio evaluation and management techniques 
explicitly considers transitive dependencies between IT projects within IT portfolios. However, an 
assessment of these transitive dependencies is essential for an appropriate risk assessment and value-
based evaluation in these network-like structures. Therefore, none of the investigated approaches can 
be considered completely appropriate regarding an integrated value-based evaluation of IT portfolios 
that accounts for their characteristic inherent dependency structures. 

Modeling Procedure, Assumptions, and Requirements 

In this section we develop an integrated, quantitative approach for a holistic IT portfolio evaluation, 
which not only considers different kinds of dependencies but also accounts for transitive dependencies. 
Therefore, we first of all introduce an integrated approach that generally is capable to account for cost, 
benefits, risk and dependencies of IT projects in a portfolio context. Subsequently, we enhance this 
approach to likewise account for intra- and inter-temporal dependencies within the IT portfolio 
evaluation. We introduce a procedure to quantify the strength of intra- and inter-temporal 
dependencies based on a common underlying and aggregate them to a uniform dependency value. 
Based on this value and considering the IT portfolio as an IT project network, we use α-centrality to 
measure and quantify the dependence structure of an IT portfolio including inherent transitive 
dependencies. Based on this procedure we strive to determine a risk-adjusted IT portfolio value that 
considers costs, benefits, risks and dependencies in a comprehensive und quantitative manner.  

An Integrated View on IT Project Evaluation 

For a quantitative calculation of the IT portfolio, we draw on the established perspective of Markowitz 
(Markowitz 1952).  More specifically, we adapt and modify the integrated approach of Beer et al. (2013), 
who use the preference function to determine a risk adjusted IT project value. This function is an 
established method of decision theory (Bernoulli 1738; Bernoulli 1954; Markowitz 1952; von Neumann 
and Morgenstern 1947) and has already been used in quite a number of IT project-related articles (cf. 
Bardhan et al. 2004; Fogelström et al. 2010; Fridgen and Müller 2011; Hanink 1985; Zimmermann et 
al. 2008).  Thus, Beer et al. (2013) determine a risk-adjusted IT project value Φ, based on the overall 
costs 𝐶 of the complete IT project and the aggregated sum of all projects` expected benefits Σ 𝜇𝑖. 
Similarly to Markowitz, dependencies are considered by a Bravais-Pearson correlation coefficient 𝜌𝑖𝑗  

and offset within one term for risk adjustment ΣΣ 𝜎𝑖𝜎𝑗𝜌𝑖𝑗. Furthermore, to account for the level of risk 

aversion of the decision maker, this term of risk adjustment is weighted by a risk aversion parameter 𝛾.  

Φ(μ, σ) =  −𝐶 + Σ 𝜇𝑖 − 𝛾 ΣΣ 𝜎𝑖𝜎𝑗𝜌𝑖𝑗  (1) 

This approach is used for the evaluation of IT projects with a particular focus to benefits management 
so far, but since it is based on Markowitz portfolio theory, it can easily be adapted for the evaluation of 
IT portfolios. In contrast to Beer et al. (2013) we however take a cash flow based perspective, like 
similarly done by Fridgen et al. (2015). 

Assumption 1: Cash flows of an IT project are normally distributed random variables 𝑐𝑓𝑖~𝑁(𝜇𝑖 , 𝜎𝑖).  
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Although normally distributed project cash flows might not picture reality in every case, they are a 
common assumption in IT portfolio management (cf. Fridgen and Müller 2011, Fridgen et al. 2015; 
Wehrmann et al. 2006; Wehrmann and Zimmermann 2005; Zimmermann et al. 2008;). Based on this 
assumption, we can derive the distribution parameters  𝜇𝑖 and 𝜎𝑖 for each IT project  𝑖 = 1 . . . 𝑛 of the IT 
portfolio. Consequently,  𝜇𝑖 represents the expected value of the IT project and 𝜎𝑖 its corresponding risk.  

However, while Beer et al. (2013) and Fridgen et al. (2015) consider dependencies by a correlation 
coefficient between every pair of their underlying investigation objects, and derive an overall term for 

risk adjustment, we in contrast distinguish between an IT project risk term Σ 𝜎𝑖
2, referring to risk 

related to each particular IT project itself and an IT portfolio risk term ΣΣ 𝜎𝑖𝜎𝑗�̃�𝑖𝑗 , referring to the 

systemic risk originating form inherent direct and indirect dependencies between IT projects of the IT 
portfolio. 

Φ∗(μ, σ) =  ∑ 𝜇𝑖

𝑖

 − 𝛾 ∑ 𝜎𝑖
2

𝑖

 − 𝛾 ∑ ∑ 𝜎𝑖𝜎𝑗�̃�𝑖𝑗

𝑗≠𝑖𝑖

   (2) 

Since we strive to depict both, direct (pairwise) and indirect dependencies, we refrain from assuming a 
Bravais-Pearson correlation coefficient 𝜌𝑖𝑗  between every pair of IT projects but draw on alpha centrality 

to determine a corresponding IT portfolio risk term ΣΣ 𝜎𝑖𝜎𝑗�̃�𝑖𝑗  that likewise accounts for direct and 

transitive dependencies of the IT portfolio. However, before we are able to do so, we need to assess and 
aggregate the different kinds of dependencies prevailing between two different IT projects of the IT 
portfolio to a single dependency value and determine its quantitative extent.  

Assessing different kinds of dependencies  

As stated above, within an IT portfolio there are different kinds of dependencies. We stick to the 
distinction of Wehrmann et al. (2006) between intra- and inter-temporal dependencies. In case of intra-
temporal dependencies, IT projects can be dependent on each other because they share resources (e.g. 
personnel) or infrastructure (e.g. data or data base). Therefore, we henceforth use the word asset to 
address either resources or infrastructures, which are planned for an IT project. Moreover, each IT 
project can be separated to many interdependent activities. Accordingly, also existing dependencies 
between two IT projects can be considered as the result of dependencies on a more granular level. To 
facilitate this circumstances, we do not distinguish between different levels of granularity and consider 
an IT project to be the most granular level that cannot be divided into a further distinctive category of 
activities. Furthermore, we assume every IT project to be accountable to one specific period of time 𝑡,  
i.e. start and end date of the project are within the same period. In reality, IT projects often take place 
over several years, though. Consequently, we assume that these IT projects can be subdivided into 
smaller ones that can be accounted to one specific period of time. An IT portfolio usually has a specific 
planning horizon and encompasses IT projects in many of the covered periods 𝑡 = 1. . . 𝑇. There can also 
be 1 𝑡𝑜 𝑚 IT projects within the same period of time, since there might be more than one IT project 
going on at the same time even in small companies.  

There are two different perspectives on how assets are shared between IT projects: The asset pooling 
and the asset accounting perspective. The asset pooling perspective considers different IT projects to 
draw on the same pool of assets. A specific asset can be used by [1 … 𝑛] IT projects. However, if the IT 
projects take place at the same point in time, they have to share the asset and consequently each IT 
project only accounts for a specific percentage between [0% … 100%]. Therefore, in each point in time 
the sum of the shares of an IT project on the asset cannot exceed 100%. If asset 𝑎1 is shared between IT 
projects 𝑖, 𝑗, and 𝑘 and the shares of the IT projects on asset 𝑎1 are 𝑎1𝑖

, 𝑎1𝑗
, and 𝑎1𝑘

 then 𝑎1𝑖
+ 𝑎1𝑗

+ 𝑎1𝑘
≤

100%. If the asset is not shared between two or more IT projects there is no dependency caused by this 
asset. To ease the comprehensibility, we illustrated this coherence in Figure 2.  

This perspective however seems unfavorable in case of inter-temporal dependent IT projects. Since 
asset pool and IT portfolio are strictly segregated, an IT project would have to be considered as an asset 
in order to serve as an input for another IT project. Consequently, it would have to be considered as an 
asset and an IT project at the same time, which seems inappropriate for the purpose of this paper. 
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In this context, the asset accounting perspective provides a more appropriate solution for the likewise 
consideration of intra- and inter-temporal dependencies. Within this perspective, assets are directly 
accounted to IT projects that depend upon them (cf. Figure 3). Consequently, [1 … 𝑛] assets can be 
allocated to [1 … 𝑛] IT projects with a percentage share between [0% … 100%]. However, also in this case 
the sum of shares of an IT project on an asset cannot exceed 100% at each point in time. If the asset is 
accounted to solely one specific IT project, there is no dependency to another IT project caused by this 
asset. For instance if a software developer (personnel resource) is allocated exclusively to project 𝑖, other 
projects are not having any dependency on project 𝑖 resulting from this asset.  

 

 

 

 

 

 

 

 

 

Like shown in Figure 3, within the asset accounting perspective dependencies are considered to exist 
between different projects but not between projects and assets. Therefore, in contrast to the asset 
pooling perspective, inter-temporal dependencies representing the dependency can easily be 
considered. However, it should be noted that an asset that is accounted to two consecutive IT projects 
(cf. Figure 3 between project 4 and 6) does not constitute an inter-temporal dependency. This is due to 
our assumption that every IT project is accountable to one specific period of time. Therefore, if an asset 
is accounted to two projects that take place at different points in time, it does not cause any dependency 
as the precedent project has finished using the asset before the succeeding one starts to use it.   

Besides the dependency caused by sharing a specific asset between IT projects that previously has been 
outlined, assets generally are able to cause a different kind of dependency: The dependency regarding 
the availability of the asset itself. Each kind of asset has an inherent risk of failure, which is independent 
of the fact whether it is shared between different IT projects. In the context of personnel resources, the 
general availability of a software developer for instance depends on its personal health. Since this kind 
of dependency therefore not depends on dependencies of different projects to specific assets, it is not 
considered within the IT portfolio risk term and thus is not included in the following examinations.  

Aggregating of different kinds of dependencies to a single value 

Since we likewise want to consider inter- and intra-temporal dependencies, we need to aggregate them 
to a single, quantitative value. Therefore, we take the asset accounting perspective as described above 
and draw on the idea presented by Wolf (2015), considering the IT portfolio as IT project network. 
Consequently, we model the IT portfolio as a connected and directed graph. Each IT project 𝑖 = 1 … 𝑛 
in the portfolio is represented by a node. Dependencies (inter-/ intra-temporal) between IT project 𝑖, 𝑗 =

 

 Figure 2.  Asset Pooling in an Exemplary IT portfolio   

 

 Figure 3.  Asset Accounting in an Exemplary IT portfolio   
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1 … n are represented by a directed edge between these IT projects. Inter-temporal dependencies are 
represented with a directed edge pointing from the dependent IT project to the IT project it depends 
upon. Logically, when IT project 𝑖 is inter-temporally dependent on IT project 𝑗, IT project 𝑗 cannot be 
inter-temporally dependent on IT project 𝑖. Intra-temporal dependent IT projects are sharing an asset 
within the same period in time. Hence, as these IT projects are affected contemporarily, there is an edge 
from IT project 𝑖 to IT project 𝑗 and an edge from IT project 𝑗 to IT project 𝑖. We define the weight of an 
edge in the graph to represent the strength of the dependency between the aligned IT projects.  

Figure 4 illustrates an exemplary IT portfolio with inter- and intra-temporal dependencies between IT 
projects based on an IT project network perspective.  

 

 

 

 

 

 

 

 

 

 

In order to aggregate intra- and inter-temporal dependencies to a single value, we quantify the strength 
of these dependencies based on the same underlying. We identify ‘time’ to be the common factor that 
enables a quantitative determination of inter- and intra-temporal dependencies. More specifically, we 
draw on the relative time lag that a particular IT project can possibly cause to the other projects that 
depend on this particular one. In the following, we consecutively depict the quantification of intra- and 
inter-temporal dependencies.  

Intra-temporal dependencies 

In case of intra-temporal dependencies, the relative time lag refers to the time that an IT project - in 
case all assets are available - would require for implementation. The lag describes the prolongation of 
this implementation time due to the struggle between two different IT projects regarding one critical 
asset. We thus consider two kinds of assets: uncritical assets 𝑎𝑢𝑐 that are not simultaneously required 
by different IT projects and critical assets 𝑎𝑐 that are simultaneously required by at least two different 
IT projects.  We strive to quantify the time lag in case all, none, or a percentage of the critical assets of 
a particular IT project are available. However, as the extent of such a time lag can differ based on the 
assets importance for a particular IT project and on the size of the project, we denote it as a relative 
value of the project size. Therefore we consider each IT project 𝑖 = 1, . . , 𝑛 to have a size 𝑆𝑝𝑖, which is 
usually measured in a time-related unit like for instance Full Time Equivalent (FTE). For reasons of 
comprehensibility, we however consider project size to represent the overall duration for the 
implementation of an IT project in working hours. Yet, based on the average working hours of a specific 
company, this value can easily be converted into FTE. Using the projects size, we are able to determine 
the projects duration 𝐷𝑝𝑖  based on the number of assets that are assigned to the IT project.  

Assumption 2: The coherence between the duration of an IT project and its assigned assets is linear. 

Although this assumption might not picture reality for each kind of asset, it seems plausible for at least 
the most important intra-temporal dependencies and it is easy to grasp. Therefore, we consider it as 
appropriate assumption for a first step towards an aggregation and consistent quantification of different 
kinds of intra-temporal dependencies. Based on this assumption, we are able to quantify the intra-
temporal dependencies between two different IT projects. Therefore, we calculate the mutually 
prolongation of project duration, resulting from the reciprocal shortfall of required assets according to 
the following equation:  

 

 Figure 4.  Exemplary IT portfolio 
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𝐷𝑘
𝑝𝑖 =  

𝑆𝑝𝑖

(𝑎𝑘
𝑢𝑐 + 𝜗𝑘 ∙ 𝑎𝑘

𝑐 )
  (3) 

Therefore, we use this equation to calculate two different scenarios, which will be related afterwards. 
Within the first (max-)scenario, we calculate the duration of the project in case all planed assets 𝑎𝑘, 
uncritical assets 𝑎𝑘

𝑢𝑐 and critical assets 𝑎𝑘
𝑐 , of each asset category 𝑘 = 1 … 𝑙 (e.g. resources and 

infrastructure) are available. The availability is reflected by the parameter 𝜗𝑘 with 0 ≤ 𝜗𝑘 ≤ 1, which 
represents the percentage of availability of the assets of a specific asset category. Consequently, in case 
of the first scenario, 𝜗𝑘 = 1 for each asset that is assigned to the IT project. Correspondingly, in the 
second (min-)scenario we calculate the duration of the project in case another rival IT project is given 
preference regarding all critical assets 𝑎𝑘

𝑐 . In this case, 𝜗𝑘 = 0 for all competed assets. Putting the 
resulting values of the two scenarios in relation, we can derive the relative prolongation of each project 
duration, which is caused by asset category 𝑘 = 1 … 𝑚:   

∆𝐷𝑘
𝑝𝑖 =

𝐷𝑘𝑚𝑖𝑛

𝑝𝑖

𝐷𝑘𝑚𝑎𝑥

𝑝𝑖
− 1  (4) 

To illustrate this coherence we draw on Figure 3, where 𝑝1 has intra-temporal dependencies to 𝑝5, 
caused by a single asset category 𝑎1. Let 𝑝1 be a software development project with an approximate size 
of about 250 working hours and 𝑝5 a smaller one with an approximate size of 150 working hours. Project 
𝑝1 requires five assets 𝑎1 of category 𝑘 = 1 and 𝑝5 requires three to be accomplished according to 
schedule. However, two specific software developers are required for both projects and thus are critical 
assets. Therefore, the critical assets 𝑎1

𝑐 = 2 for both projects, whereas 𝑎1
𝑢𝑐 = 3 for 𝑝1 and 𝑎1

𝑢𝑐 = 1 for 𝑝5. 
According to (3), we now can calculate the (max-)scenario with 𝜗1 = 1 and the (min-)scenario with 𝜗1 =
0 and relate the resulting values 𝐷1𝑚𝑖𝑛

𝑝1 = 83.33 and 𝐷1𝑚𝑎𝑥

𝑝1 = 50 to derive ∆𝐷1
𝑝1 = 0.4, which can be 

considered as the percentage prolongation of 𝑝1 due to the critical asset category 𝑘 = 1.   

In case there is only one critical asset category like described above, ∆𝐷𝑘
𝑝𝑖 is considered to represent the 

quantification 𝑤𝑖𝑗  of the intra-temporal dependency between the dependent project 𝑝𝑖  and another one 

𝑝𝑗 it depends upon due to the specific asset category. However, if there are multiple critical asset 

categories 𝑘 = 1 … 𝑚, we need to aggregate these categories in order to derive a single value for intra-

temporal dependencies. Therefore, in this case 𝑤𝑖𝑗 equals ∑ ∆𝐷𝑘
𝑝𝑖𝑙

𝑘=1 . This can possibly lead to values 

𝑤𝑖𝑗 > 1, though. Since 𝑤𝑖𝑗 = 1 refers to the maximum dependency of 100%, we set 𝑤𝑖𝑗 = 1 for each 

aggregated value 𝑤𝑖𝑗 > 1.       

Inter-temporal dependencies  

Inter-temporal dependency are considered over the whole planning horizon of the IT portfolio. If two 
projects are inter-temporal dependent, they are accounted to different points in time, which do not 
necessarily have to be consecutive. According to the precedence diagram method (Project Management 
Institute 2009), inter-temporal dependencies can be distinguished according to their start and finish 
point as follows:  

 Finish-to-start (FS): The start of the successor project depends upon the completion of the 
predecessor project.  

 Finish-to-finish (FF): The completion of the successor project depends on the completion 
of the predecessor project.  

 Start-to-start (SS): The successor and predecessor project should start at the same time and 
hence are allocated to the same period of time. As this case there is no dependency between 
the successor and predecessor project, it is not considered as inter-temporal dependency in 
the sense of this paper. 

 Start-to-finish (SF). The completion of the successor project depends on the start of the 
predecessor project. It implies the predecessor project to be started before the successor 
project can be finish. Since this case does not reflect any kind of dependencies between the 
results of the predecessor project and the successor project, but is mainly an issue for 
planning purposes and is not considered as inter-temporal dependency in the sense of this 
paper.  

Consequently, we distinguish only two kinds of inter-temporal dependencies within our paper: FS and 
FF dependencies that refer to different projects taking place at different points in time. Like in case of 
intra-temporal, we draw on relative time lag that depicts the prolongation of the project implementation 
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time due to inter-temporal dependencies. In particular, we assess inter-temporal dependencies by 
calculating a relative prolongation of the project implementation of the succeeding project 𝑝2 based on 
a delay of a preceding project 𝑝1 (cf. Figure 4). In case there is a FS dependency between 𝑝2 and 𝑝1, 
project 𝑝2 cannot start before project 𝑝1has been finished. Therefore, we consider the strength 𝑤𝑖𝑗  of 

this dependency to be 100% and consequently declare 𝑤21 = 1. In contrast if there is a FF dependency 
between 𝑝2 and 𝑝1, the completion of 𝑝2 depends on the completion of 𝑝1. Considering this coherence 
to be valid for a partial completion as well, we can determine the strength of this kind of dependency 
according to the percentage of the predecessor project that has to be accomplished before the successor 
project can be finished. Consequently, if 60% of 𝑝1 need to be accomplished before 𝑝2 can be finished, 
we determine the strength 𝑤𝑖𝑗  of this dependency to be 60% and consequently declare 𝑤21 = 0.6 

Quantifying the dependence structure of IT portfolios based on α-centrality  

Like mentioned before, we strive to determine an IT portfolio risk term ΣΣ 𝜎𝑖𝜎𝑗�̃�𝑖𝑗  that likewise accounts 

for direct and transitive dependencies of an IT portfolio. Therefore, we stick to the idea presented by 
Wolf (2015), considering an IT portfolio as IT project network where each node represents a project and 
each arc a dependency. We consequently use alpha centrality to assess the networks dependence 
structure and the corresponding inherent systemic risk. Alpha centrality “does not only account for 
direct dependencies like the number of directly dependent projects, but also for indirect or transitive 
dependencies. Thereby, it considers that more interconnected and therefore critical projects contribute 
stronger to the criticality of the ones they are dependent on than projects that are less critical” (Wolf 
2015). In the following, we briefly introduce the elements of alpha centrality and illustrate how it can 
be adapted to derive an IT portfolio risk term that can be used within the integrated quantification 
approach illustrated in (2). For a more elaborate explanation of whether alpha centrality can be used in 
an IT project context, please refer to Wolf (2015). Alpha centrality can be calculated according to the 
following equation:  

𝑥 = (𝑰−∝∗ 𝑨𝑇)−1 ∗ 𝒆  (5) 

Presuming the arcs of the IT project network to be weighted, the elements 𝑤𝑖𝑗  of the 𝑛×𝑛 adjacency 

matrix 𝑨 represent the weighted conjunctions of the network or rather the strength of the corresponding 
IT project dependencies. We previously outlined, how we derive 𝑤𝑖𝑗 for intra- and inter-temporal 

dependencies. These values can be considered equivalent to the pseudo correlation values 𝜌𝑖𝑗  of (1), 

which represent the linear dependencies between every pair of investigation object (e.g. IT projects) 
based on expert judgements. Therefore, we henceforth considered 𝑤𝑖𝑗  as �̃�𝑖𝑗  of our IT portfolio risk term 

ΣΣ 𝜎𝑖𝜎𝑗�̃�𝑖𝑗 . The remainder elements of (5) are the identity matrix 𝑰 and the scalar 𝛼 > 0. The latter one 

is an arbitrary ratio between the endogenous status of nodes (projects), which is calculated based on the 
network (dependency) structure, and the exogenous status of nodes, which can arbitrarily be assigned 
based on the vector 𝒆. The parameter 𝛼 can adopt values in the range of 0 < 𝛼 < 𝜆1

−1, whereas 𝜆1
−1 is the 

maximum value of the eigenvector of the adjacency matrix 𝑨. Most researchers choose the value of 𝛼 
close to the maximum value of 𝜆1

−1 (Newman, 2010), as in this case this choice makes the maximum 
consideration of the endogenous characteristic or rather the network or dependency structure. The 
exogenous status represented by the vector 𝒆 generally provides the possibility to assign a value to each 
node of the network, which is independent of the actual network structure that is depicted by the 
adjacency matrix 𝑨. Within an IT portfolio context, this exogenous status might for instance be the risk 
or the size of a project. Considering the exogenous status to rather be reflected by a matrix 𝑬 whose 
elements 𝜎𝑖𝜎𝑗 represent the covariance (not normalized) of the corresponding projects 𝑖, 𝑗 = 1 … 𝑛 

instead of a vector 𝒆, we however adapt alpha centrality to determine a risk measure for the respective 
IT portfolio. Based on this adaption, the equation for the modified alpha centrality used in this paper is 
a follows: 

𝑥 = (𝑰−∝∗ 𝑨𝑇)−1 ∘ 𝑬  (6) 

Within this equation, the mathematical operator ‘∘’ describes an element-wise multiplication of the 
adjacency matrix 𝑨, containing the elements �̃�𝑖𝑗 , and the exogenous matrix 𝑬, containing the 

covariances 𝜎𝑖𝜎𝑗. The result of this procedure is an IT portfolio risk term ΣΣ 𝜎𝑖𝜎𝑗�̃�𝑖𝑗 , which is comparable 

to the one introduces by Beer et al. (2013), but accounts for the specific characteristics of IT portfolio 
dependencies. Based on (2) we thus can calculate an integrated and adequately risk adjusted IT portfolio 
value.  
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Evaluation 

The evaluation of approaches for IT portfolio quantification is quite difficult, since it is impossible to 
determine a ‘right’ solution for an IT portfolio, which is based on several expert estimations and 
assumptions in each real world case. Consequently, it is hard to judge whether a result of an IT portfolio 
quantitation approach is right or wrong. It is rather a matter of how accurate or how plausible it seems. 
Consequently, we do a simulation based evaluation of our approach, which according to the design 
science approach of Hevner et al. (2004), is a legitimate means for evaluation. Since we were not yet 
able to gather real world data, and the validity of this data would also be questionable due to the 
underlying expert estimations, we directly asked some experts and defined the rough ranges for the 
input data based on their estimation. We subsequently performed the simulation based on randomly 
generated values in the predefined ranges. Table 1 provides an overview of our input data for the 
simulation. Our evaluation procedure is as follows: For an exemplary IT portfolio, we calculate the IT 
portfolio value using our approach, which considers the systemic risk of IT portfolios based on their 
characteristic dependency structures. We moreover calculate the values of IT portfolios based on the 
approach of Beer et al (2013), which is based on the common portfolio risk term of Markowitz, and 
compare the results of both methods. 

We simulate three different IT project networks with three different connectivity degrees – low, 
medium, and high. We define connectivity degree as the number of edges in the IT project network 
divided by the maximum possible number of edges. By increasing the number of edges, the connectivity 
of the IT project network or rather the dependency of the IT portfolio increases. However, it should be 
noted that the connectivity degree in an IT project network will never be 100%, as realistically not all 
projects in an IT portfolio will be likewise dependent on each other. In our simulation, the IT portfolios 

consist of 20 projects, which leads to a maximum number of 190 (
𝑛∗(𝑛−1)

2
) edges in the network The 

simulated IT project networks have 20, 30 and 50 edges, which results in a connectivity degree of 11%, 
16% and 26%. For each edge between a project 𝑖 and 𝑗 within a specific IT project network, we use 
randomly generated weights 𝑤𝑖𝑗 ∈ [0,1] to represent the strength of the underlying dependencies 

between projects 𝑖 and 𝑗. Like previously mentioned, we compare the results or our approach to the one 
based on Markowitz. Therefore, as 𝑤𝑖𝑗  can be considered equivalent to the pseudo correlation values 𝜌𝑖𝑗  

of (1), we use the simulated values of 𝑤𝑖𝑗  correspondingly for 𝜌𝑖𝑗 .  

Table 1. Simulation Input Data 

 Range Distribution 

Expected net present value of 
each project (𝜇) 

10,000 –  100,000 equal 

Standard deviation of each 
project (𝜎) 

0 –  10% 
of project’s net present value 

equal 

Parameter of risk aversion (𝛾) 5 ⋅  10−15 –  15 ⋅ 10−15 equal 

Correlations (𝜌) for projects = 
Weight of the edge (w) 

0 –  100% equal 

Parameter (𝛼) for relative importance of 
endogenous versus exogenous factors 

0.05 ∗ 𝜆1
−1, 0.5 ∗ 𝜆1

−1, 0.95 ∗ 𝜆1
−1 low, medium, high 

Number of projects 𝑛 constant 

Connectivity degree of the portfolio  low, medium, high  

 

As previously explained, the parameter 𝛼 determines the trade of between exogenous and endogenous 
factors within alpha centrality calculation. To investigate the coherence between 𝛼 and the results of 
our approach, we simulated three different scenarios for a low, medium and high value of 𝛼. Since 0 <
𝛼 < 𝜆1

−1, the minimum value is close to zero and the maximum value is close to the maximum 
eigenvector of 𝜆1

−1. Table 2 presents the results of our simulation for each chosen level of 𝛼 and each 
connectivity degree.  
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Table 2. The IT Portfolios’ Value Result of the Evaluation 

Results of Φ for IT portfolio’s Connectivity Degree 

Low Medium High 

𝛼 =  low 1,143,550.11    1,143,595.97    1,143,534.95    

𝛼 =  medium 1,138,225.39    1,137,787.47    1,136,264.08    

𝛼 =  high 1,114,912.61    1,058,771.15    1,027,679.85  

Markowitz-based  1,132,345.54    1,129,534.53    1,117,684.68    

 

We performed the simulation several times and the results were reproducible. For a more convenient 
comparison of the results of our approach with the one based on Markowitz, we provide the results of 
the evaluation in the following figures. Figure 5 presents the results of our approach with three different 
values for alpha (Φ1

∗ , Φ2
∗ , Φ3

∗). Figure 6 presents the results of our simulation for three different IT 
portfolios with low, medium, and high connectivity degrees. For both figures the vertical axis displays 
the risk adjusted portfolio values derived by either using the Markowitz-based method (cf. (1)) or our 
approach (cf. (3)). 

 

Based on the findings presented in Figure 5, we were able to show that increasing 𝛼, which implicates a 
higher consideration of the underlying IT portfolio dependencies, leads to a lower risk adjusted value 
of the IT portfolio. This shows the high impact potential of dependencies within the IT portfolio on the 
respective risk adjusted portfolio value. Moreover, the results indicate that more interdependent IT 
portfolios are increasingly prone to risk and thus have a smaller risk adjusted portfolio value. Since for 
low and medium values of 𝛼, the result of our approach is fluctuating about 1% from the result of the 
Markowitz-based approach, the risk of transitive dependencies seems to be comparably low for this 
parametrization. This however is quite plausible, as for low and medium values of 𝛼, the portfolio’s 
dependence structure, represented by the weightings 𝑤𝑖𝑗  of the connections, is almost neglected. In 

contrast, for a value of 𝛼 which is close to the upper boundary 𝜆1
−1, the portfolio’s dependence structure 

is considered more important and consequently the simulation shows significant differences regarding 
the consideration of characteristic dependency structures between the two different IT portfolio 
evaluation approaches. Depending on the connectivity of the specific IT portfolio, the Markowitz based 
approach leads to an overestimation of the risk adjusted portfolio value between about 1.5% – 8% based 
on a high value of 𝛼. For connectivity degrees of 11%, 16%, and 26%, which are referred to as low, 
medium and high, this coherence is illustrated in Figure 6.  

   

Figure  5. Evaluation of the Results 
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Based on our simulation results we in particular can constitute that for IT portfolios with a low degree 
of connectivity, the risk adjusted portfolio value using our approach and using the Markowitz-based 
method are relatively close to each other and only differ about 1.54%. This implies that, the risk of over-
and underestimation in IT portfolios with a lower connectivity degree is comparably low. For IT 
portfolios with a medium (16%) degree of connectivity, the respective value accounts for about 6.26% 
and for portfolios with a high (26%) degree of connectivity even for 8.05%. Therefore we can constitute, 
that the probability for underestimating risk or overestimating the risk adjusted IT portfolio value 
increases with the number and strength of directly and indirectly dependent project in an IT portfolio.   

Conclusion, Limitations, and Outlook 

Our novel approach integrates various kinds of direct and indirect (transitive) dependency between IT 
projects and thus enables a holistic, quantitative, value-based IT portfolio evaluation in a feasible way. 
By considering IT portfolios as IT project networks and using alpha-centrality to investigate and 
evaluate underlying dependency structures, we faced the major challenge stated by Benaroch and 
Kauffmann (1999) and conveyed a model from another academic discipline to IS research. We 
furthermore adopted alpha-centrality and combined it with an integrated approach for IT project and 
portfolio evaluation provided by Beer et al. (2013), to derive an encompassing approach for value-based 
IT portfolio evaluation that appropriately considers the risk emerging from characteristic dependency 
structures as well as cost and benefits of IT portfolios. By the means of simulation, we examined the 
validity of our approach per se, and investigated the benefits of our approach in comparison to the 
approach of Beer et al. (2013), which however is based on the well-established approach of Markowitz 
(1952). The results of our simulation imply that for low connectivity of the IT project network, which 
refers to a low number of dependencies in the corresponding IT portfolio, the results of our approach 
are comparable with the result of the Markowitz-based approach. This indicates the validity of the 
results of our approach. For IT portfolios with a high number of dependencies, our approach however 
yields different results compared to the one that is based on Markowitz. This however seems quite 
plausible, since the Markowitz-based approach lacks the consideration of (systemic) risks associated to 
transitive dependencies, and consequently overestimates the overall IT portfolio value. 

Nevertheless, our approach has also some limitations that are outlined in the following. Since this is a 
mathematical deductive approach, we had to make a few simplifying assumptions and restraints, which 
do no picture reality adequately. For instance, we defined an IT project as accounted to one specific 
period in time. In reality, there may be IT projects, which, even if subdivided into smaller subprojects, 
have to be accounted to more than one period of time. Our assumption of normally distributed cash 
flows might also not always picture reality, but is a common assumption in IT portfolio management 
(cf. Fridgen and Müller 2011; Fridgen et al. 2015; Wehrmann and Zimmermann 2005; Wehrmann et 
al. 2006; Zimmermann et al. 2008). However, the more cash flows are considered within the evaluation 
of an IT portfolio, the better the central limit theorem and variations thereof will apply, which supports 
the normal distribution assumption. Another assumption of our approach is that the coherence between 
the duration of an IT project and its assigned assets is linear. Although this assumption might not 
picture reality for each kind of asset, it seems plausible for at least the most important intra-temporal 
dependencies and we considered it as appropriate for a first step towards an integrated value-based IT 

   

Figure 6. Evaluation of the Results 
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portfolio valuation. Finally, the validity and contribution of our approach has only been indicated by 
the means of simulation. For further evaluation and improvements, a recurrent application of our 
approach to real world scenarios is topic to further research. Moreover, future research should feel 
encouraged to investigate whether the integration of different risk measures can yield even more 
plausible results regarding the consideration of risk associated to direct and indirect dependencies or 
whether the existing limitations can be reduced. Furthermore, an extension from the integrated ex-ante 
evaluation of IT portfolios to an integrated ex-nunc IT portfolio controlling and management may be a 
relevant and interesting extensions for a holistic IT portfolio management.  

  



Systemic Risk in IT Portfolios 

Thirty Sixth International Conference on Information Systems, Fort Worth 2015   16 

References 
 

Aaker, D., and Tyebjee, T.T. 1978. “A Model for the Selection of Interdependent R&D Projects,” IEEE 
Transactions of Engineering Management (25:2), May, pp. 30-36. 

Bardhan, I., Bagchi, S., and Sougstad, R. 2004. “Prioritizing a Portfolio of Information Technology 
Investment Projects,” Journal of Management Information Systems (21:2), Fall, pp. 33-60. 

Beer, M., Fridgen, G., Müller, H., and Wolf, T. 2013. “Benefits Quantification in IT Projects,” in 
Proceedings of the 11th Conference on Wirtschaftsinformatik, R. Alt, and B. Franczyk (eds.), Leipzig, 
Germany, February–March 2013, pp. 707-720. 

Benaroch, M., Kauffman, R.J. 1999. “A Case for Using Real Options Pricing Analysis to Evaluate 
Information Technology Project Investments,” Information Systems Research (10:1), March, pp. 
70-86. 

Bernoulli, D. 1738. “Specimen theoriae novae de mensura sortis,” Commentarii Academiae Scientarum 

Imperialis Petropolitanae (5:-), pp. 175-192. 
Bernoulli, D. 1954. “Exposition of a New Theory on the Measurement of Risk,” Econometrica (22:1), 

January, pp. 23-36. 
Buchholz, S., and Roth, T. 1987. Creating the High Performance Team, New York, USA, John Wiley & 

Sons. 
Butler, S., Chalasani, P., Jha, S., Raz, O., and Shaw, M. 1999. “The Potential of Portfolio Analysis in 

Guiding Software Decisions,” in Proceedings of the First Workshop on Economics-Driven Software 
Engineering Research, IEEE Computer Society, May 1999, pp. 1-5. 

CA Research. 2008. “Over Budget IT Projects Costing UK Plc £256m per Year”, 
http://www.ca.com/gb/press/Release.aspx?CID=155480 (Accessed: 28.11.2008). 

Carazo, A.F., Gomez, T., Molina, J., Hernandez-Diaz, A.G., and Guerrero, F.M. 2010. “Solving a 
Comprehensive Model for Multiobjective Project Portfolio Selection,” Computing & Operations 

Research (37:4), April, pp. 630-639. 
Carraway, R.L., and Schmidt, R.L.1991. “An Improved Discrete Dynamic Programming Algorithm for 

Allocating Resources among Interdependent Projects,” Management Science (37:9), September, pp. 

1195-1200. 
Cho, K.-T., and Kwon, C.-S. 2004. “Hierarchies with Dependence of Technological Alternatives: A 

Cross-Impact Hierarchy Process,” European Journal of Operations Research (156:2), July, pp. 420-

432.  
De Maio, A., Verganti, R., and Corso, M. 1994. “A Multi-Project Management Framework for new 

Product Development,” European Journal of Operations Research (78:2), October, pp. 178-191.   
Diepold, D., Ullrich, C., Wehrmann, A., and Zimmermann, S. 2009. “A real options approach for 

valuating intertemporal interdependencies within a value-based IT portfolio management –a risk-
return perspective,” in Proceedings of the European Conference on Information Systems, Verona, 
Italy, June 2009, Paper 10. 

Doerner, K.F., Gutjahr, W.J., Hartl, R.F., Strauss, C., and Stummer,C. 2006. “Pareto Ant Colony 
Optimization with ILP Preprocessing in Multiobjective Project Portfolio Selection,” European 
Journal of Operations Research (171:3), June, pp. 830-841. 

Dos Santos, B.L. 1991. “Justifying Investments in New Information Technology,” Journal of 

Management Information Systems (7:4), Spring, pp.71–89.   
Eilat, H., Golany, B., and Shtub. A. 2006. “Constructing and Evaluating Balanced Portfolios of R&D 

Projects with Interactions: A DEA Based Methodology,” European Journal of Operations Research 
(172:3), August, pp. 1018-1039. 

Emery, D.R., Parr, P.C., Mokkelbost, P.B., Gandhi, D., and Saunders, A. 1978. “An Investigation of Real 
Investment Decision Making with the Options Pricing Model,” Journal of Business Finance & 
Accounting (5:4), December, pp. 363-36. 

Flyvbjerg, B., and Budzier, A. 2011. “Why Your IT Project May Be Riskier Than You Think,” Harvard 
Business Review (89:9), September, pp. 23-25. 

Fridgen, G., and Mueller, H. 2011. "An Approach for Portfolio Selection in Multi-Vendor IT 
Outsourcing," in Proceedings of the International Conference on Information Systems, Shanghai, 
China, December 2011, Paper 8.  

Fridgen, G., Klier, J., Beer, M., and Wolf, T. 2015. "Improving Business Value Assurance in Large-Scale 
IT Projects—A Quantitative Method Based on Founded Requirements Assessment," ACM 
Transactions on Management Information Systems (5:3), January, Paper 12.  



Systemic Risk in IT Portfolios 

Thirty Sixth International Conference on Information Systems, Fort Worth 2015   17 

Fogelström, N., Numminen, E., and Barney, S. 2010. “Using portfolio theory to support requirements 
selection decisions,” in Proceedings of the Fourth International Workshop on Software Product 
Management, Sydney, NSW, September 2010, pp 49-52. 

Fox, G.E, Baker, N.R., and Bryant, J.L. 1984. “Economic Models for R and D Project Selection in the 
Presence of Project Interactions,” Management Science (30:7), July, pp. 890-902. 

Gartner. 2013. http://www.gartner.com/newsroom/id/2292815 (Accessed 01.05.2014). 
Gartner. 2014. http://www.gartner.com/newsroom/id/2643919 (Accessed 01.05.2014). 

Gear, T.E., and Cowie, G.C. 1980. “A Note on Modeling Project Interdependencies in Research and  
Development,” Decision Science (11:4), June, pp. 738-748. 

Graves, S.B., Ringuest, J.L., and Medaglia, A.L. 2003. Models and Methods for Project Selection: 
Concepts from Management Science, Finance and Information Technology, Boston, USA, Kluwer 
Academic Publishers. 

Gregor, S., and Hevner, A.R. 2013. “Positioning and Presenting Design Science Research for Maximum 
Impact,” MIS Quarterly (37:2), June, pp. 337-355. 

Hanink, D. M. 1985. “A Mean-Variance Model of MNF Location Strategy,” Journal of International 
Business Studies (16:1), Spring, pp. 165-170. 

Hevner, A.R., March, S.T., Park, J., and Ram, S. 2004. “Design Science in Information Systems 
Research,” MIS Quarterly (28:1), March, pp. 75-106. 

Klapka, J., and Pinos, P. 2002. “Decision Support System for Multicriterial R&D and Information  

Systems Projects Selection,” European Journal of Operations Research (140:2), July, pp. 434-446. 
Kumar, R.L. 1996. “A Note on Project Risk and Option Values of Investments in Information 

 Technologies,” Journal of Management Information Systems (13:1), Summer, pp. 187–193. 
Kundisch, D., and Meier, C. 2011. “A New Perspective on Resource Interactions in IT/IS Project 

Portfolio Selection,” in Proceedings of the 19th European Conference on Information Systems, 
Helsinki, Finland, June 2011, Paper 174. 

Lee, J.W., and Kim, S.H. 2001. “An integrated approach for interdependent information system project 
selection,” International Journal of Project Management (19:2), February, pp. 111-118. 

Linhart, A., Manderscheid, J., and Röglinger, M. 2015. “Roadmap to flexible Service Processes – A 
Project Portfolio Selection and Scheduling Approach,” to be presented at the 23rd European 
Conference on Information Systems, Muenster, Germany, May 2015. 

Liesiö, J., Mild, P., and Salo, A. 2008. “Robust Portfolio Modeling with Incomplete Cost Information 
and Project Interdependencies,” European Journal of Operations Research (190:3), November, pp. 
679-695. 

Maheswari, J.U., and Varghese, K. 2005. “Project Scheduling using Dependency Structure Matrix,” 
International Journal of Project Management (23:3), April, pp.223-230. 

Markowitz, H. 1952. "Portfolio selection," The Journal of Finance (1:7), March, pp. 77-91.  
Mieritz, L. 2012. http://my.gartner.com/portal/server.pt?open=512&objID=202&&PageI 

D=5553&mode=2&in_hi_userid=2&cached=true&resId=2034616&ref=AnalystProfile (Accessed 
01.05.2014). 

Medaglia, A.L., Graves, S.B., and Ringuest, J.L. 2007. “A Multiobjective Evolutionary Approach for 
Linearly Constrained Project Selection under Uncertainty,” European Journal of Operations 

Research (179:3), June, pp. 869-894.   
Müller, M.P., Meier, C., Kundisch, D., and Zimmermann, S. 2015. “Interactions in IS Portfolio Selection 

– Status Quo and Perspectives,” in Proceedings of the 12th Conference on Wirtschaftsinformatik, 
Osnabrück, Germany, March 2015, pp. 737-751. 

Nelson, C.A. 1986. “A Scoring Model for Flexible Manufacturing Systems Project Selection,” European 
Journal of Operations Research (24:3), March, pp. 346-359. 

Newman, M. 2010. Networks: an introduction, New York, USA, Oxford University Press, Inc. 
Nguyen, B., and Mutum, D.S. 2012. “A Review of Customer Relationship Management: Successes, 

Advances, Pitfalls and Futures,” Business Process Management Journal (18:3), pp. 400-419. 
Ott, H. J. 1993. „Wirtschaftlichkeitsanalyse von EDV-Investitionen mit dem WARS-Modell am Beispiel 

der Einführung von CASE,“ WIRTSCHAFTSINFORMATIK (35:6), pp. 522-531. 
Panayi, S., and Trigeorgis, L. 1998. “Multi-Stage Real Options: The Case of Information Technology 

Infrastructure and International Bank Expansion,” The Quarterly Revision of Economic Finance 

(38:3), pp. 675-692.   
Project Management Institute. 2009. A Guide to Project Management Body of Knowledge (PMBOK® 

GUIDE), Pennsylvania, USA, Project Management Institute.  
Radar Group. 2012. “White Paper: The Impact of Data Silos in IT Planning”. 
Santhanam, R., and Kyparisis, G.J. 1996. “A Decision Model for Interdependent Information System 

Project Selection,” European Journal of Operations Research (89:2), March, pp. 380-399.  

http://www.gartner.com/newsroom/id/2643919


Systemic Risk in IT Portfolios 

Thirty Sixth International Conference on Information Systems, Fort Worth 2015   18 

Schumann, M. 1993. „Wirtschaftlichkeitsbeurteilung für IV-Systeme,“ WIRTSCHAFTSINFORMATIK 
(35:2), pp. 167-178. 

Schwartz, E.S., and Zozaya-Gorostiza, C. 2003. ”Investment under Uncertainty in Information 
Technology: Acquisition and Development Projects,” Management Science (49:1), January, pp. 57-
70. 

Stummer, C., and Heidenberger, K. 1998. “Interactive R&D Portfolio Analysis with Project 
Interdependencies and Time Profiles of Multiple Objectives,” IEEE Transactions of Engineering 
Management (50:-), May, pp. 175- 183. 

Taudes, A. 1998. “Software Growth Options,” Journal of Management Information Systems (15:1), 

Summer, pp. 165–185.   

Taudes, A., Feurstein, M., and Mild, A. 2000. “Options Analysis of Software Platform Decisions: A  Case 
Study,” MIS Quarterly (24:2), June, pp. 227–243. 

Tillquist, J., King, J.L., and Woo, C. 2002 “A Representational Scheme for Analyzing Information 
Technology and Organizational Dependency,” MIS Quarterly (26:2), June, pp. 91-118. 

Ullrich, C. 2013. “Valuation of IT Investments Using Real Options Theory,” Business & Information 
Systems Engineering (5:5), October, pp. 331-341. 

Van Grembergen, W., and De Haes, S. 2005. “Measuring and improving IT governance through the 
balanced scorecard,” Information Systems Control Journal (2:-), pp. 35-42. 

Verhoef, C. 2002. “Quantitative IT portfolio management,” Science of Computer Programming (45:1), 
October, pp. 1-96. 

von Neumann, J., and Morgenstern, O. 1947. The Theory of Games and Economic Behavior, Princeton, 
USA; Princeton University Press. 

Walter, S. G., and Spitta, T. 2004. “Approaches to the Ex-ante Evaluation of Investments into 
Information Systems,” WIRTSCHAFTSINFORMATIK (46:3), June, pp. 171-180. 

Wehrmann, A., Heinrich, B., and Seifert, F. 2006. “Quantitatives IT-Portfoliomanagement: Risiken von 
IT-Investitionen wertorientiert steuern,“ WIRTSCHAFTSINFORMATIK (48:4), August, pp. 234-
245. 

Wehrmann, A., and Zimmermann, S. 2005. "Integrierte Ex-ante-Rendite-/Risikobewertung von IT-
Investitionen," Business & Information Systems Engineering (47:4), August, pp. 247-257.  

Weingartner, H. 1996. “Capital Budgeting of interrelated Projects: Survey and Synthesis,” Management 
Science (12:7), March, pp. 485-516.   

Wolf, T. 2015. "Assessing the Criticality of IT Projects in a Portfolio Context using Centrality Measures," 
in Proceedings of the 12th Conference on Wirtschaftsinformatik, Osnabrück, Germany, March 2015, 
pp. 706-721.  

Zangemeister, C. 1976. Nutzwertanalyse in der Systemtechnik: Eine Methodik zur multidimensionalen 
Bewertung und Auswahl von Projektalternativen, Winnemark, Germany, Wittmannsche 
Buchhandlung. 

Zimmermann, S. 2008. “IT Portfoliomanagement – Ein Konzept zur Bewertung und Gestaltung von 
IT,“ Informatik Spekturm (31:5), October, pp. 460-468. 

Zimmermann, S., Katzmarzik, A., Kundisch, D. 2008. “IT Sourcing Portfolio Management for IT Service 
Providers -A Risk/Cost Perspective,” in Proceedings of 29th International Conference on 
Information Systems, Paris, France, December, Paper 133. 

Zimmermann, S., Heinrich, B., Kundisch, D. 2012. „IT Projektportfolios mit Abhängigkeiten gestalten,“ 
in Projektportfoliomanagement in der IT. Priorisierung, Investition, Steuerung, in Lang, M.; 
Kammerer, S.; Amberg, M. (eds.), Düsseldorf, Germany, Symposion, pp. 123-151. 

Zuluaga, A., Sefair, J.A., and Medaglia, A.L 2007. “Model for the Selection and Scheduling of 
Interdependent Projects,” in IEEE Systems and Information Engineering Design Symposium, 
Charlottesville, VA, USA, April 2007, pp. 1-7. 

 


