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	2. 2 Application Portfolio  Management
Abstract
Organizations struggle with historically grown application landscapes and the sharp increase
of their application portfolio complexity. The challenges faced with the application portfolio,
lead to difficulties to respond quickly to the dynamic business changes and to conduct well-
founded decisions. This might be caused by a large amount of available data, limited support
for decisive facts aggregation and the lack of a structured decision-making process. Thus, se-
nior management bases their decisions on unreliable or incomplete information.
Therefore, this master thesis focuses on the following challenges. First, there is a need for a
method that could help organizations improve their decision-making process. This issue is
addressed by integrating a data modeling approach and Application Portfolio Management
(APM). The use of data-driven workflows and dashboards is expected to improve the APM
decision-making process by addressing the data complexity issue. Moreover, structured and
transparent decision-making requires a diversity of knowledge and perspectives. To address
this, stakeholder involvement is seen as a necessary approach for identifying the stakeholders
and assess their needs throughout the process.
This master thesis is expected to support organizations to improve their decisions regarding
APM by addressing the needs of the stakeholders involved in the process. The research aims
to develop a design method that helps organizations to achieve better decision-making capa-
bilities to support their business objectives. This approach should enrich the collaboration
between the stakeholders within an organization and provide them a personalized viewpoint
that aligns their needs. Moreover, the goal of this research is to provide a better understand-
ing of the data flow between the stakeholders and how it contributes to support the business
objectives.
This research can be considered a design science problem based on the definition by
Wieringa(2014), since the goal of this research is to solve a specific problem, the APM decision-
making problem, by designing an artifact, the proposed method in Chapter 3. Therefore, as
a design science research, this thesis will adopt the Design Science Research Methodology
(DSRM) proposed by Peffers et al.(2007) to structure the chapters of this master thesis report.
As a result of this research, the proposed method is expected to support organizations to im-
prove their decisions regarding APM by addressing the needs of the stakeholders involved in
the process. The proposed method consists of six sequential steps that need to be carried out.
Besides, several key attributes are identified, classified and operationalized for contributing to
a thorough application inventory and a reporting capability for each of the stakeholders in-
volved through the use of the data-driven workflows and dashboards.
To conclude, some key findings from each chapter in this report is presented as follows:
• Chapter 2 answers questions relating to the state of the art for APM and available meth-
ods for the assessment of an application portfolio. It is found that the APM decision-
making process can be enhanced by two important concepts, namely Enterprise Archi-
tecture (EA) and Data Modeling (DM). The main key findings in this chapter are the APM
methods and the information required throughout the process.
• Chapter 3 presents the development process of the proposed method. The key outcome
is the proposed method itself, along with detail steps and activities that must be followed.
• Chapter 4 describes the demonstration of the proposed method. It shows that the pro-
posed method is applicable in an organizational setting and the APM decision-making
process can be improved if an EA model exists as well. Moreover, it demonstrates that
Florentina Badea University of Twente
 


	3. 3
stakeholder involvement is  critical to the APM decision-making process and its imple-
mentation requires a strong commitment from the senior management.
• Chapter 5 presents the evaluation of the proposed method, along with the result of the
evaluation workshop. The results show the most positive feedback for facilitating condi-
tions, thus the participants are confident that they have the necessary knowledge to use
the method and the method is compatible with their organization. Overall, the method
is agreed to be helpful and expected to be used when addressing customer needs.
• Chapter 6 concludes this master thesis report followed by contributions for both theory
and practice, limitations, and possible future work. One of the limitations is this research
uses literature study and expert interviews as a foundation for assumptions regarding
the stakeholders. Thus, one of the future research discussed could focus on a real-life
context with an expanded selection of stakeholders. Furthermore, more attributes from
the stakeholder analysis can be used for the customization of the dashboard design.
Data Science and Business Florentina Badea
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About BiZZdesign
According to  the Gartner Magic Quadrant for Enterprise Architecture tools 2017’, BiZZdesign
stands out as a leader in this industry based on completeness of vision and ability to execute.
Founded in 2001 by Henry Franken, Harmen van den Berg, and Harm Bakker, BiZZdesign is a
Dutch enterprise architecture and BPM software-development tools vendor and consultancy
company.
Their position as a leader stands out as a result of their improved customer experience focus
which brought the company a growing customer base and an expanding geographical cover-
age. Introducing a jointly owned and planned implementation roadmap with their customers,
BiZZdesign empowers companies worldwide to drive simplicity, which is also their motto. They
support their customers by improving the quality and the speed of the decision-making pro-
cess on their journey of continuous improvement and transformational changes.
One of their most known products is BiZZdesign Enterprise Studio, a collaborative design plat-
form, which provides powerful, integrated modeling across multiple disciplines. Through its
capabilities to plan, track and execute change in a single software platform it provides a high
value for its users, especially for business management. Their latest product is HoriZZon, an
online platform offering a highly personalized environment, which provides real-time insights
in changing projects through the use of architecture models, business design capabilities and
analyses to a broad audience of business stakeholders. The main benefit is that it can support
the improvement of the decision-making process by facilitating collaboration between busi-
ness and IT teams and enabling a wide range of stakeholders to be informed about the current
state of the enterprise.
In this research, BiZZdesign Enterprise Studio supports the enterprise architecture modelling
and creating the application inventory. Moreover, the metrics functionality helps the quantifi-
cation and visualization of the analysis result through personalized dashboards. This research
investigates how the above-mentioned tools can be better used for creating capabilities to en-
rich Application Portfolio Management.
Although BiZZdesign is a leader in the field of Enterprise Architecture, with a focus on modeling
and management, their expertise covers also fields like business process management, portfo-
lio management, business model and strategy, governance, risks and data management This
research study focuses on Application Portfolio Management and investigates how Enterprise
Architecture and Data Modeling can enrich its practice in enterprises.
This research study aligns with BiZZdesign vision of building an adaptive enterprise that can
deal with the opportunities and demands of a challenging business environment and their re-
search interest in developing and improving software tools and methods that support stake-
holders in their daily decision-making process.
Data Science and Business Florentina Badea
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	9. 1
1 Introduction
The success  of an organization is built upon its capability of adapting to the changing business
environment. Investments in information systems (IS) and information technology (IT) are
being made to facilitate and improve their internal operational processes. Acquisitions and the
rapid growth have resulted in a complex IT portfolio that organizations struggle to manage for
delivering modernized, secured and cost-effective applications on time, on benefit and aligned
to their business.
IT is constantly driven to improve business agility, increase their response time to new de-
mands and “do more with less”. This requires companies to remove inefficiencies in existing
portfolios and better manage the portfolio applications that support key services and strate-
gic projects. However, in most of the cases, the application landscape is poorly understood,
leading to organizations storing redundant data and implementing similar features.
In addition to that, executives find themselves in the position of deciding which are the best
solutions or approaches to support their business goals. To meet this requirement, IT lead-
ership requires complete visibility across their applications deployed in the enterprise, along
with critical information, to increase their efficiency in the decision-making process.
Application portfolio management (APM) supports businesses to achieve the required visibil-
ity to leverage their existing application portfolio and align technological assets with business
goals, by taking into consideration the need and the value of the current application portfolio.
A thorough definition of APM is given by Simon et al. (2010) and identifies APM as a structured
and continuous decision-making process intended to support the evaluation of an organiza-
tion’s applications. This evaluation should include various perspectives so that stakeholders
gain appropriate knowledge to weigh various actions for future improvements and provide so-
lutions for identified issues. The promise of APM lies primarily in reducing the complexity of
the application landscape by having a holistic approach.
Providing a holistic view, APM provides a launching pad for change. An application portfolio
assessment yields directional and future recommendations, and aims to lead the organization
along the best transformational path (Cognizant, 2014). To drive change in evolving business
scenarios, an Enterprise Architecture (EA) needs to be created, as it can play a pivotal role of
managing the application portfolio by tracking the organization’s transition and ensuring rele-
vance with the changing business environment.
Defined as a discipline for proactively and holistically leading enterprise responses to disrup-
tive forces, EA identifies and analyzes the execution of change toward desired vision and out-
comes (Gartner, 2017a). The signature-ready recommendations, such as road-maps, for ad-
justing policies and projects, are one significant contribution provided by EA for stakeholders
which supports them to achieve target business outcomes that capitalize on relevant business
disruptions. Moreover, an EA institutionalizes a governance model that enables change along
the pathway by enforcing compliance with the plan and capturing core organizational values
(Cognizant, 2014).
The APM decision-making process requires accurate data and real-time access. Regularly up-
dated data requires continual data entry, data integration, and error checking. This need for
continuous data management places an extra burden on organizations. To address the contin-
uous changes, new methods for tracking, comparing and archiving different versions of data
should be implemented to support the APM decision-making process.
Moreover, since stakeholders often join the ongoing decision-making process at different
stages, a method is needed to consider the new contributions, while still allowing the impact of
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the process as a whole to be tracked. Therefore, to reduce delays, a strategy for managing large
amounts of updated data should be created for ongoing data entry, versioning, archiving and
documentation.
To address these issues, data-driven workflows are used for enriching the APM approach by
supporting the data collection process, the identification and the representation of how stake-
holders collaborate and their impact on the data flow.
Leading to a foundation that can complete broad-scope initiatives, an improved data quality
and a high-end view over its processing contribute to lowering the support cost and increase
the reusability opportunities, thereby reducing the costs of building new applications.
Moreover, the use of the data-driven workflows supports creating the data models, used to
communicate data requirements from business to IT and within IT from other stakeholders
of the organization. In addition to that, combining various data sources provides an oppor-
tunity to create scalable, flexible and tailored analytics over the key performance indicators.
Therefore, common challenges faced when implementing an APM, like outdated data, lack of
responsibility for data changes or inconsistency in data can be addressed, leading to the im-
provement of the decision-making process (Fabrice Vila, 2012).
The challenges faced with the application portfolio, such as the increased size and complex-
ity, lead to difficulties to respond quickly to the dynamic business changes (Cognizant, 2011)
and to conduct well-founded decisions (Khosroshahi et al., 2016). The findings of Riempp and
Gieffers-Ankel (2007) indicate the unfounded and speculative decisions as a common strug-
gle, caused by the flood of information and the limited support for decisive facts aggregation.
Another research study strengthens the same idea by indicating the general lack of a perma-
nent approach to the application landscape that draws on structured and rational methods for
making decisions about application investments on a portfolio-wide basis(Simon et al., 2010).
The stakeholders’ involvement has been regarded as being an important practice (Riempp and
Gieffers-Ankel, 2007; Cantor, 2011; Khosroshahi et al., 2016). Their contribution to the decision
making process is required for data collection (Cantor, 2011), evaluation and analysis (Weill
and Vitale, 1999).
However, research dealing with APM is mostly dedicated to how to assess the health of a portfo-
lio, how to classify applications and initiatives to improve the application landscape (Zelt et al.,
2013a). Little or no attention is being given to the stakeholders and their needs throughout the
APM decision making process(Riempp and Gieffers-Ankel, 2007).
Thus, there is a need for research on identifying the stakeholder needs in the APM decision-
making process and how to support them. Under this consideration, the main aim of this thesis
is to investigate the stakeholders, their needs for taking decisions related to APM and the tools
that can support them.
Integrating different perspectives could help organizations facilitate relevant decision making
by allowing access to important information by taking into account the entire range of con-
straints.
Therefore, for developing an environment where relevant stakeholders can have real-time ac-
cess to the information they need and collaborate, the assessment of both capabilities and the
needs of the main stakeholders for APM will be integrated along with the adoption of some
analytical tools to perform the assessment.
This chapter aims at providing background information and the motivation for conducting this
research. Section 1.1 provides an overview of the problem statement that leads to conducting
this research, followed by the research objective in Section 1.2. The research questions are for-
mulated subsequently in Section 1.3 as the foundation of this study. The research methodology
is presented in Section 1.4.
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1.1  Problem Statement
Nowadays, companies struggle with historically grown application landscapes that are bur-
dened with obsolete IT systems, unfinished or long-lasting applications that no longer meet the
business requirements (Zelt et al., 2013b). More than maintaining their applications which are
fundamental for their business(Smith and McKeen, 2003), companies are also trying to priori-
tize their investments to drive operational efficiency and minimize the costs with maintenance
(Cognizant, 2011).
Complex application landscapes require a comprehensive portfolio understanding of the in-
herent relationships and dependencies between applications (Zelt et al., 2013b). APM has,
therefore, become an important issue in the enterprise IT’s strategy (Sun et al., 2016), aim-
ing to reduce the complexity of the application landscape, such as its heterogeneity, lack of
transparency and vast scope (Simon et al., 2010; Khosroshahi et al., 2016).
Having as a main goal to reduce the application portfolio complexity through simplification
and harmonization, APM aims at managing the application portfolio as a business (Simon
et al., 2010) and relies on understanding application compatibility with business priorities,
strategies and processes (Kotani and Iijima, 2008). Moreover, it is also focusing on gaining
knowledge about the data types that exist across the organization and their source (Erwin,
2017). The gathered information provides a starting point for identifying problems and op-
portunities for better coverage of the business needs (Weill and Vitale, 1999).
In the past, business strategies were focused on good management of their assets and limi-
tations in the present, such as constraint management and resource allocation optimization.
Nowadays, strategies focus on future business planning, such as payoff maximization and
choice of execution timing, where the progress can be measured through well-defined systems
due to the emerging IT services. Therefore, developing and implementing an effective APM re-
quires significant attention from the senior management to ensure success (Kotani and Iijima,
2008).
Recent studies reveal that the complexity of APM and the application clutter overwhelms the
senior management in the decision-making process (Kotani and Iijima, 2008; Simon et al.,
2010; Schneider et al., 2015; McKeen and Smith, 2010). Most of their decisions are based on un-
reliable or incomplete information (Simon et al., 2010) and sometimes the data is unavailable
or outdated (Planview, 2015). Project managers usually depend on people to respond to the
outputs and benefits that they deliver, however, the responses are not always offered (Erwin,
2017). This is mainly caused by the fact the team members are not engaged and held account-
able (Planview, 2015). To address this issue, senior management must change the decision-
making process (Zelt et al., 2013b).
A recent study states that although IT professionals have the necessary knowledge about the ex-
isting connections across applications and data, their perspectives are not considered during
the strategy discussions and the decision-making process (Erwin, 2017). Organization stake-
holders are defined as “any group or individuals who can affect or is affected by the achieve-
ment of the organization’s objectives” and a change towards a stakeholder viewpoint is demon-
strated to improve the efficiency of an APM (Simon et al., 2010).
In the last decade, grey literature recommends the stakeholders’ involvement as a best practice
for assuring data consistency in APM related decisions (Erwin, 2017; Fabrice Vila, 2012; Cog-
nizant, 2014). Nevertheless, most of the existing academic papers regarding APM take a tech-
nical approach, focusing on the metrics and the analytics that can be deployed (Khosroshahi
et al., 2016; Kotani and Iijima, 2008; Zelt et al., 2013b).
The most effective APM solutions can deliver value with sets of significant data based on the
needs of the stakeholders. Thus, it becomes critical to have an overview of the data required
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to satisfy their needs and support them to achieve the business goals through well-informed
decisions. Moreover, stakeholders need to perceive the data as being trustworthy so they can
use it in their daily routine for decision making, therefore data ownership is also important.
Taken into consideration the aforementioned statements, stakeholder involvement can ar-
guably be considered the most important factor for developing and implementing an effective
APM, and it should not be regarded as a trimming activity.
Hence, the purpose of this research is to articulate a method for an APM solution to help or-
ganizations improve their decision-making process. The input for the proposed design will be
derived by identifying the stakeholders and their needs and creating a data structure model
that will reinforce their experience. The output should enable improvement for the decision-
making process.
1.2 Research Objective
The research aims to develop a design method that integrates a data modeling approach and
APM, to help organizations to achieve better decision-making capabilities to support their
business objectives. This approach should enrich the collaboration between the stakeholders
within an organization and provide them a personalized viewpoint that aligns their needs.
Moreover, the goal of this research is to provide a better understanding of the data flow between
the stakeholders and how it contributes to support the business objectives. To achieve the
above-mentioned objectives, the following steps are taken to create the designed method based
on stakeholders needs:
• Conduct a literature review regarding the APM practice and the opportunities to enrich
it through EA and by using data-driven workflows
• Mapping the stakeholders needs with data and the architecture capabilities
• Develop the data-driven workflows
• Apply the proposed data workflows to a case study
• Evaluate the conceptual model
• Discuss the limitations, further research, recommendation, and the results
1.3 Research Questions
This subsection will present the research questions for this thesis. The main research question
will be explained in the first subsection, while the sub research questions will be explained
subsequently in the next subsection.
1.3.1 Main Research Question
Based on the problem statement and the objective of the thesis, the main research question is
formulated as follows:
“How can the APM decision-making process better support different stakeholder needs
with the help of data-driven workflows?”
1.3.2 Sub Research Questions
The following sub-questions are formulated to offer background knowledge for answering the
main research question:
1. What is the state of art in Application Portfolio Management (APM)?
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2.  What kind of methods are available for the assessment of an organization’s application
portfolio?
3. How can the practice of APM better address stakeholder needs?
4. How to use data-driven workflows to make the process of APM executable?
5. How can dashboards support different stakeholders in the APM decision-making pro-
cess?
1.4 Research Methodology
A literature study will be conducted for answering the first two sub-questions, while others will
be answered through the design method. Both academic and grey literature will be considered
by following a systematic literature review presented in Chapter 2.
Although the first research questions are knowledge questions, this research study aims to pro-
vide different capabilities for improving the decision-making process, which can be perceived
as addressing a design problem. A design problem intends to create a change in the real world
and requires an analysis of actual or hypothetical stakeholder goals. The solution is a design,
and many different solutions can be given (Wieringa, 2014). This research will follow the Design
Science Research Methodology (DSRM) guidelines by Peffers et al. (2007). The DSRM Process
Model is presented in Figure 1.1.
Figure 1.1: DSRM Process Model (Peffers et al., 2007)
The research process will be mapped into the DSRM Process Model activities and a brief de-
scription of how this process is distributed in the report of the thesis will be given as follows in
Table 1.1.
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Table 1.1: Research process following the DSRM Process Model
Activity Description Chapter(s)
Problem identification
and motivation
The problem will be identified and a solution
will be proposed. The motivation of the
research and the research questions are
presented.
1
Define the objectives
for a solution
The objectives of this research are presented
and a road map is created accordingly
considering the literature in reference
disciplines. This will result in a template for a
structure of the research output.
1 & 2
Design and development
This activity includes determining desired
functionality and the architecture for each
element of the solution. The process includes
defining the required input and the necessary
activities for reaching the desired output.
3
Demonstration
This process will be performed in a case
study. The visualization of the demonstration
will be presented in this step.
4 & 5
Evaluation
In this process the solution will be observed
and measured, involving comparing the
objectives of the solution with the result of the
proposed model.
6
Communication
The final process will be done in the master
thesis defense after the submission of the
thesis report.
1.5 Research Structure
This study follows the DSRM, therefore, the structure of this research is divided into 5 parts,
namely the Literature Review, Design and Development, Demonstration, Evaluation, and Con-
clusion.
Chapter 2 presents and discusses the existent knowledge and related research on the topics
already introduced in the previous sections. This part aims to collect more information about
the research topic so that a theoretical foundation can be provided for better understanding of
the topic and to support the problem statement.
The design and development of the method are presented in Chapter 3, which is the main ac-
tivity of this thesis. The knowledge gained from the literature review is considered as a basis
for the design and development part. In this part, a detail presentation is given for the cho-
sen approach and the decisions made for the development of the data-driven workflows and
dashboards.
Chapter 4 describes the demonstration which can be related to the testing part in software
development. This demonstration is conducted through a case study by using the information
provided from an American software company, which will further be referred to as the Client
due to privacy issues.
Chapter 5 includes the evaluation of the proposed approach and models presented in the
demonstration. The evaluation is conducted using a survey that adapts the UTAUT concept
proposed by Venkatesh et al. (2012). Before the survey, a workshop is held and participants are
expected to give feedback by using the survey.
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Chapter  6 presents a discussion over the feedback provided in the evaluation part together with
the contributions of this research for the scientific work and practitioners. In this chapter, the
limitation of the research and future work are also presented.
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2 Literature Review
This chapter aims to provide background knowledge about the main concepts of this research
study. Section 2.1 presents relevant literature review existent on Application Portfolio Manage-
ment (APM). Furthermore, Section 2.2 presents why stakeholders’ needs should be considered
and how their knowledge can bring value to the APM decision-making process. Sections 2.3
and 2.4 will discuss the concepts of DM and EA in detail. The relationship between the main
concepts is summarized in Section 2.5.
The research method for this paper was the Systematic Literature Review (SLR) following the
research activities guideline proposed by Rouhani et al. (2015). As described by Budgen and
Brereton (2006), a systematic review is a means of identifying, evaluating and interpreting all
available research relevant to a particular research question, or topic area, or phenomenon of
interest. What differentiates a systematic review from the other existing forms consists of cre-
ating a review protocol which considers the research questions addressed by defining a doc-
umented search strategy. This would benefit from having a clear set of procedures to follow
while reviewing the material considered for research and identify where this could support or
conflict with the study.
SLR process was done mostly by searching in scientific databases, however, gray literature was
included, as in white papers. There is sometimes a long lag time between the submission and
publication of scientific papers, therefore, gray literature may help ensure the most current
picture of what is happening within a body of evidence or area of practice (Paez, 2017).
The scientific databases selected for the searching process are presented below:
• Scopus
• IEE
• Science Direct
• Google Scholar
Literature was selected based on the relevance to the addressed research question presented
in the introduction of this research. Different keywords were selected to identify the relevant
studies by looking at the title, author’s keywords and abstract for answering the proposed re-
search questions.
Keywords associated with the research questions were used to identify relevant papers. How-
ever, not all of them offered relevant results, therefore we present the meaningful key terms
used as it follows:
• K1: "application portfolio management" OR " portfolio management"
• K2: "application portfolio management" AND ("method" OR "analysis" OR "literature
review" OR "technique")
• K3: ("application portfolio management" OR "application landscape" OR "application
rationalization" )
• K4: ("application portfolio management" AND ("data management" OR "complexity" ))
• K5: "application portfolio management" AND ("stakeholder" OR "decision-oriented" OR
"decision oriented" OR "viewpoint")
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• K6: "stakeholder " AND ("application portfolio management" OR "APM")
• K7: "data architecture" AND "model" AND ( "stakeholder" OR "viewpoint" OR "land-
scape" OR "portfolio management")
• K8: "application portfolio management" AND ("cost reduction" OR "IT landscape" OR
"application retirement" OR "total cost ownership")
• K9: ("data driven workflows" OR "workflow") AND ("application portfolio management"
OR "application portfolio")
• K10: "designing dashboard visualization" AND "user experience" )
• K11: ("application landscape" AND ( "visualization" OR "dashboard" ))
Analyzing the number of published articles identified on Scopus using the keyword "( "appli-
cation portfolio management" OR "application landscape" OR "application rationalization" )"
regarding APM shows that the topic gained importance starting with 2000, and a significant
increase was noticed in 2007.
The decision-making process on whether a study should be included or not in this research is
going to be explained through the usage of the inclusion and exclusion criteria.
Table 2.1: Inclusion Criteria
Number of criteria Inclusion Criteria
1 The study is reported in English
2 The study is published between 2008 and the present
3 The study answers to at least one of the research questions
4 The study is relevant to the search term defined previously
The inclusion criteria, presented in Table 2.1, were used to decide upon including a specific
study in our research. Mostly, the English written papers that addressed the research questions
and were identified with the search term presented in the previous sections were considered.
The second inclusion criteria were selected because papers published in the last ten years were
considered significant for answering the research questions.
Table 2.2: Exclusion Criteria
Number of criteria Exclusion Criteria
1 The study does not meet the inclusion criteria
2 The study is not related to the defined search terms
3
The study is not properly addressing the research questions
(insufficient information)
4 The study is duplicated by title or content
5 The study is not reliable
The exclusion criteria, presented in Table 2.2, were used for rejecting the unnecessary papers.
Mostly, the papers were excluded based on the year of their publishing and their irrelevance for
this study. Therefore, several papers were excluded from the candidate papers. The results of
the searching process and the number of selected papers are presented below.
Analyzing the keywords mentioned in the selected papers the only significant connection iden-
tified was between APM and EA, based on the number of terms that could be clustered together,
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Figure 2.1: Keywords Analysis
as presented in Figure 2.1. This supports the idea that EA can enhance the APM decision-
making process.
Another noticeable aspect is that the only term related to DM is "data warehouse". Looking
at identified papers, even there APM and DM concepts have been researched leading to nu-
merous papers found, the combination of the two concepts is quite limited. This leads us to
believe that analyzing APM through a DM perspective is unexplored, therefore leaves us space
for conducting this study to tackle new research opportunities. Most of the literature also lacks
a stakeholder perspective over these concepts, therefore gray literature has been analyzed to
justify these findings.
An elaborate search was conducted using Google Search and Google Scholar for identifying
significant gray literature, such as white papers published by trusted and renamed companies
in this field. Several articles and reports were found exploiting a practical perspective from
practitioners.
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Table 2.3: Searching Process Summary
Keywords
Indicator
Scopus IEE Science Direct Google Scholar
Number of
selected papers
K1 3950 3706 7220 19000 7
K2 14 1895402 28 667 14
K3 182 2925 166 3870 8
K4 8 215563 21 414 6
K5 2 0 17 282 13
K6 89 525 12 7110 11
K7 9 579 516 6650 4
K8 1 3652 11 140 4
K9 8 169 21 1260 1
K10 1 2085 67 987 5
K11 1 2 0 1 1
K12 1 1166 52 746 1
The search process, depicted in Table 2.3, has led to identifying a total number of 75 book chap-
ters, academic papers, and articles that contributed to the literature review, which is presented
in the following sections.
2.1 Application Portfolio Management
Nowadays, organizations face a growing number of opportunities to expand their business due
to technological progress. These opportunities, however, come along with challenges that re-
quire that IT services and functions need to become business-aware in their operations while
delivering capabilities that can efficiently execute their strategy and support day-to-day oper-
ations.
In this context, organizations need to align their business and IT strategies to create value or
to improve business performance from its IT investments (Nakakawa et al., 2010). Thus, the
investment decisions regarding IT should be based on the organization’s needs and oriented
towards the business demands (Wittenburg et al., 2007). Therefore, the quality of the IT envi-
ronment is directly related to the value of the business (CGI, 2014).
The increasing complexity of their application landscape and the benefits that can be achieved,
had lead organizations to increase their efforts for efficient management of their applications.
In this chapter, the concept of APM is presented. The definitions and the related concepts are
presented in this chapter, along with the available methodologies and available techniques for
the APM analysis.
2.1.1 Definitions and related concepts
There are many available definitions of application portfolio management and relevant terms.
Therefore, a brief explanation for the relevant terms is given for settling a common understand-
ing of them.
An application can be regarded as a special class of software that provides direct support for
business processes (Riempp and Gieffers-Ankel, 2007). They are designed to perform a specific
task and they have a very wide variety of types, such as word processors, databases, browsers,
development tools and so on. An application can also be seen as a system or an executable
software which can process data for a specific business purpose (Fabriek et al., 2007).
Applications can differ in several manners, including their scope and the way they were de-
veloped. At the same time, applications can be used simultaneously and interconnected to
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enable information sharing and assure the desired functionalities leading to more complexity.
Since business requirements are in continuous change, the applications have to be changed
and maintained. Due to their importance for the business and their complexity, practitioners
recommend managing them as a portfolio.
A portfolio can be defined as a collection of items, such as projects, programs, sub-portfolios or
operations, that are managed for achieving strategic objectives (Simon et al., 2010; Grobbelaar,
2018). Therefore, an application portfolio simply describes the sum of all applications run by
a specific organizational body (Simon et al., 2010). Adopting a "portfolio" perspective implies
evaluating new and existing applications collectively on an ongoing basis and determine the
value that they provide the business (McKeen and Smith, 2010). Using this information, practi-
tioners can provide detailed reports on the performance of the IT infrastructure compared with
the ownership costs and the business value-added.
This method also emphasizes the linkage between the set of existing applications, referred to as
the application portfolio, and the set of the potential applications, as project portfolio, therefore
providing a point of comparison (McKeen and Smith, 2010). The components of a portfolio can
be independent or interdependent, having related objectives. They are also quantifiable, which
allows organizations to measure, rank and prioritize them (Larson and Gray, 2015).
This categorization is used within centralized management of their existent portfolios, prac-
tice which is regarded as portfolio management, and supports organizations to achieve their
strategic objectives. As an example, for making better-informed decisions and achieve better
overall outcomes, investments are managed as a portfolio (Lankhorst and Quartel, 2010). An
important element of portfolio management is the valuation of IT projects and assets in terms
of their costs, benefits, risks, and contribution to strategic objectives.
This research study focuses on the valuation of the current application portfolio and the im-
provement of the decision-making process regarding its alignment with the business goals
within an organization.
Existent literature offers a variety of views with regards to the APM definition (Simon et al.,
2010; Khosroshahi et al., 2016) caused by different ways of adoption, differing interpretations
and different emphasis on the benefits (Information Balance, 2009). A thorough definition of
APM is given in a paper by Simon et al. (2010) and since it provides a sharper focus on the
process and goal-related aspects, it is used as a reference for this study.
The author defines APM as a continuous process in which stakeholders need to take well-
founded decisions regarding the existent applications of an organization. The decision-making
process should be "systematic and structured", consisting of all critical elements, in such a
way that the stakeholders own the necessary knowledge for grounded decisions. To address
the complexity of individual applications and application portfolios, an application should be
evaluated along various dimensions, such as technical, architectural and also from an opera-
tional view and classified accordingly. This evaluation creates a foundation that "can support
weighing various scenarios for the purpose of optimization" in which costs and risks are being
considered, "leading to the implementation of appropriate actions".
The processes, services, and methodologies that support the maintenance, enhancement and
management of applications are regarded as APM. Its aim lies primarily in reducing the com-
plexity of the application landscape, which is approached from a holistic viewpoint (Simon
et al., 2010).
APM sustains continuous improvement and transforming the portfolio to address evolv-
ing business needs (CGI, 2014). As nowadays a life-cycle approach is required (Zelt et al.,
2013a), considering the lifetime of an application, APM supports organizations to acquire
an in-depth understanding of their applications, including their functions and their inter-
dependencies(Fabrice Vila, 2012). For this reason, various studies argue that APM should be
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regarded as a sub-process of IT governance for achieving alignment(Zelt et al., 2013a; Riempp
and Gieffers-Ankel, 2007).
Through the business and IT alignment, APM aims at decreasing costs (Cantor, 2011; Zelt et al.,
2013b), reducing application portfolio complexity (Fabrice Vila, 2012; Zelt et al., 2013b; Khos-
roshahi et al., 2016; McKeen and Smith, 2010), managing better the risks and the compliance
(Fabrice Vila, 2012) and improving the decision making process and future investments(Simon
et al., 2010; Fabrice Vila, 2012; Zelt et al., 2013a; McKeen and Smith, 2010). Moreover, APM can
significantly improve communicating the contribution of IT to the overall organization (McK-
een and Smith, 2010).
Portfolio decisions deal with uncertain information and require a long term vision, therefore
they should be based on individual characteristics, the context of the whole portfolio and the
achievement on strategic goals(Kester et al., 2009). Three wide-ranging goals for obtaining
strong portfolios have been identified: strategic alignment, maximization of value and balance.
While the focus of this research study concerns the APM, it can be argued that the effective
management of the application portfolio enhances the effectiveness of the project portfolio as
well(Grobbelaar, 2018).
2.1.2 APM transformation strategies
A comprehensive evaluation of a portfolio provides support for decisions regarding the IT in-
frastructure and applications future (McKeen and Smith, 2010; Simon et al., 2010), which, in
turn, can benefit organizations. Several different decisions can be taken regarding an applica-
tion portfolio. In research, different alternatives are being given for the existing strategies.
Simon et al. (2010) presents them as "Optimization options", while in other research studies
they are referred differently, such as "Categories of impact results" or as a "TIME model" (Sun
et al., 2016; Jochem Schulenklopper, 2018). However, they all refer to the possible transforma-
tion scenarios of an application, a group of applications or a portfolio.
The "TIME" model includes the options "Tolerate", "Invest/Innovate", "Migrate" and "Elimi-
nate" (Jochem Schulenklopper, 2018). In a different research, the alternative options are "Re-
tain", "Revision","Replace", "Outsource", "Remove" (Sun et al., 2016). Fatimah et al. (2016)
refers to these alternatives as "Tolerate", "Migrate", "Invest" or "Eliminate".
More complex actions regarding the possible transformations are presented by Simon et al.
(2010) who categorizes the application portfolio options in "Create", "Modify" and "Delete",
indicating specific alternatives for each category:
1. Create: "Investment" and "Replace"
2. Modify: "Functional Enhancement", "Outsourcing", "Service-oriented Architec-
ture(SOA)", "Integration", "Integration Optimization" and "Reengineering"
3. Delete: "Disposal" and " Consolidation".
Looking at the alternatives proposals, the first difference that can be identified is that there is no
option to keep an application as it is in the model proposed by Simon et al. (2010). The author
emphasizes that stakeholders should always aim for a change for optimizing the portfolio, thus
taking no corrective actions is not considered desirable. However, this strategy might involve a
modified resource allocation.
Another difference would be that Simon et al. (2010) and Sun et al. (2016) differentiate between
the scenarios where new applications are created and the ones where changes have to be done
for existing ones. The other strategies from the literature consider all these decisions under "In-
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vestment" as all of them require an allocated budget (Jochem Schulenklopper, 2018; Fatimah
et al., 2016).
Creating new applications is suggested when business processes have changed significantly
and existing ones don’t align with the requirements. Replacements can be considered when
existent applications are not compliant from a technical or business perspective or when their
maintenance requires too much effort.
When applications require improved functionalities, the "Functional Enhancement" strategy
should be considered, while when technological enhancement is required, such as code opti-
mization, "reengineering activities" are recommended.
Strategies like "Service-oriented Architecture(SOA)", "Integration", "Integration Optimization"
refer to the improvement of the existent EA aimed to improve collaboration between applica-
tions, or its creation when EA is not in place. These strategies benefit the maintenance of the
applications and provide better insights into the process and resources involved.
A decision to outsource or migrate an application can be beneficial from a strategic, finan-
cial and technological perspective. Recent advances in technology, like cloud computing, have
made possible application outsourcing. This offers the option to delegate the work of the devel-
opment, design, testing or maintenance of the applications to a range of third-party vendors
and service providers. This decision is also regarded differently in the scientific literature, as
this option is included under the "Modify" category, while others have a different approach
because the responsibility is given to a third party (Simon et al., 2010).
The difference between the two corrective strategies "Disposal" and "Consolidation" is that in
the first one the application is no longer used, while in the other indicates a reduction of various
overlapping applications that support the same process into one single application.
Although the presented alternatives are used with different names, they indicate the same di-
rection of transformation, the retirement or the further investment (Zelt et al., 2013a). In prac-
tice, companies might adopt their own transformation strategies.
Even though the transformation strategies are not part of the scope of this research, they can
benefit this research by offering a broad view of the knowledge that is required in the decision-
making process. An agile approach is required for APM and should enable fast identification of
applications that represent the greatest opportunity. This will lead to a great business impact
through modernizing and migrating the selected applications.
To achieve this, stakeholders need to be aware to what extent the applications are compliant
from a technical perspective, and how efficient they satisfy the architecture compliance and
provide the necessary functionalities. Depending on this information, they can decide if the
existent applications can be improved or new ones are required.
The costs and the risks involved are significant in prioritizing the applications and deciding if
they can be managed within the company or they should be outsourced to a third party.
Moreover, decisions such as investing in a new application or a new platform lead to new
project proposals, therefore complex scenarios have to be created beforehand for weighting
the benefits.
Therefore, to guarantee the efficiency of these decisions, a thorough assessment and evaluation
of the applications have to be done beforehand.
2.1.3 Assessing the application portfolio health
The valuation of an IT Portfolio has been regarded as a controversy for decades. Several re-
search studies addressed this topic to prove the value that IT can bring to an organization (Weill
and Vitale, 1999; Quartel et al., 2010). In particular, findings of Weill and Vitale (1999) indicate
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that the health of an organization’s application portfolio can be the cause of the continuous
debate over the years.
According to Weill and Vitale (1999), the application portfolio health is based on an evalua-
tion by senior managers of a business unit’s portfolio of information systems. The assessment
should be done based on five attributes of each system in the portfolio: importance, invest-
ment, technical quality, use, and management value, which are described in Table 2.4.
Table 2.4: Application Health Assessment
Attribute Description Method used
Importance Alignment between the sys-
tem and business goals
Questionnaire using a five
point scale
Investment Investment in the system:
provision, operation and
maintenance
Financial reports
Technical quality Technical compliance Based on six aspects: source
code quality, data quality
and reliability, system reli-
ability, ease of use, output
quality and portability
Level of use Usage or amount of users of
an application
Frequency of usage
Perceived management level Usefulness of application Questionnaire using a five
point scale
For reporting the IS application portfolio health assessment to the management organization
"Health Grids" were used as a visualization tool. The Health Grids consist of four quadrants
that indicate different management actions that can be taken, namely Nurture, Upgrade, Con-
solidate or Eliminate and Question.
In the first category, systems that are essential in the daily activities, therefore representing the
core of the business operation, are included. Systems that are highly valued by the users and
require technical improvement are included in the Upgrade quadrant. The systems that are
properly functioning, however not valuable for the management are included in the Question
quadrant, while in the last quadrant the systems which don’t provide value and not functioning
properly are mapped as they need thorough revision.
The Health Grids are regarded as an efficient tool for displaying the required information for
the management so that appropriate measures can be taken. Nevertheless, they just indicate
the state of the IS at a specific point in time. Moreover, they don’t assess the health or the
flexibility of the underlying infrastructure. Therefore, more factors should be considered in the
assessment phase for adding complexity to the presented approach.
Therefore, the assessment of the portfolio itself is not enough for making grounded decisions
and more information is required regarding the applications. A better understanding and
streamlining of the many applications and their impact on the portfolio consolidates the eval-
uation of their effectiveness. For this reason, the assessment and evaluation of the application
are critical in building the portfolios.
2.1.4 APM methods
The APM process provides a common reference for organizations and practitioners. They ben-
efit through a thorough assessment of the capabilities of an organization across all of its func-
tions and enables senior management to plan accordingly.
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In the literature, scholars have proposed several APM methods (Wittenburg et al., 2007; Fabriek
et al., 2007; Simon et al., 2010). Moreover, in practice, several frameworks are developed.
From the scientific literature, two methods were identified as being complete and addressing
the complexity of APM application in organizations.
Application Portfolio Rationalization (APR)
The first method chosen is one presented by Fabriek et al. (2007) who introduces the practice of
APM under the name of Application Portfolio Rationalization (APR). The redefined method
is defined as aiming to " analyze and restructure the complete set of applications in an organi-
zation".
In its definition, APR is being described as an evolutionary process which implies that an appli-
cation inventory should be created and maintained continuously by allocating the necessary
resources. The core of this process stands in gathering information about the existent appli-
cations. This method requires to be conducted by both business and IT units for assuring the
applications are compliant to the business needs. As goals, on short term APR aims at improv-
ing the usability, while on the long term aims at reducing the total cost of ownership.
The proposed method consists of three main steps: the assessment phase, the evaluation
phase, and the planning phase(Fabriek et al., 2007). Two previous research studies serve as
a foundation for the proposed method which indicates that applications should be evaluated
both individually and as a part of the application portfolio (Weill and Vitale, 1999; Sarissamlis,
2006).
The Assessment phase aims at gathering all the information about the application portfolio.
Before the assessment, the scope of APR should be determined. To achieve this, applications
should be matched with the processes that are being performed. This approach is preferred
over a more technical one as it reduces the complexity and can be better understood by the
management.
This phase consists of two processes. First, applications are assessed using the five attributes
presented in Table 2.4. Then, they are categorized by depicting the applications on certain di-
mensions from a technical perspective or depending on their value. The categorization can
be influenced by the scope. For example, a technical categorization can be made when oper-
ational issues need to be fixed, such as an outdated programming language. Different catego-
rization examples were given, among them, the Health Grids presented in the previous subsec-
tion.
In this phase, a lot of emphasis lays on the different values that an application can provide to
an organization. Several perspectives are being considered both in the assessment and cate-
gorization, from how an application supports the business process to how relevant it is from a
financial perspective.
The Evaluation phase requires a review of the assessment and the categorization with man-
agers from different departments for preventing potential bias. The next step is to evaluate the
underlying patterns, which implies an investigation of the current problems through analyzing
the business strategy, the IT strategy, EA, culture and communication patterns.
Several misunderstandings between the IT department and business unit might raise prob-
lems, therefore an organization should investigate the causing root of their problems and rede-
fine their strategies if necessary.
The Planning phase consists of determining the required actions for reducing the application
portfolio complexity and allocating resources. The actions can be determined through the ap-
plication transformation strategies. The author proposes APR as an iterative process for con-
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tinuous improvement and emphasizes that investments should be made both for short-term
and long-term goals. A time plan needs to be developed for the planned actions.
Although the presented method indicates that aggregated information should be used for the
assessment and the evaluation of the applications, no specific details are being given regarding
the stakeholders that should be considered in each step of the phases.
APM Framework
The second method is the APM method proposed by Simon et al. (2010) and it consists of
four phases, namely Data Collection, Analysis, Decision Making, and Optimization. These four
phases form the foundation of the APM framework. An application inventory is created in the
first phase, followed by a thorough analysis of the inventoried applications. The third phase
is where the decisions are being taken regarding the future, which are implemented in the last
phase. This last phase also implies updating the application inventory. The author acknowl-
edges that APM should not be regarded as a one-time effort, but a continuous process.
The first phase of this method consists of Data Collection where an application inventory is be-
ing created. This phase encompasses three levels of understanding the application portfolio:
the existing and planned applications of the organization, the general characteristics of the ap-
plications and the key attributes of these applications. Some examples are being given, such as
application name, release version, implementation data, and application owner. Three types of
data collection methods were mentioned for creating the inventory: automatic data collection,
semi-automatic data collection, and manual data collection.
The Application Analysis is the phase where the "as-is" portfolio is being evaluated, using the
application inventory created in the previous phase. Several aspects should be considered
for identifying how compliant is an application with the organization’s needs from a business,
technical and strategic perspective. For this matter, the following dimensions are mentioned
as being relevant for this evaluation: Business Process Support, Strategic Fit, Value/Benefits,
Costs, Risks, Life-cycle, Regulatory compliance, Functional Wealth, Technical Health, Opera-
tional Performance, Relations and Dependencies and Vendor Information.
The third phase presents the Decision-Making process. In this phase, the "to be" portfolio is
planned based on the previous analysis and involves determining budget allocation for further
investments. Several decisions are taken and they might involve the creation of new applica-
tions, changes to the existent ones or to eliminate their usage. A concrete action plan, such as a
"road map", is expected as the result of this phase. The "road-map" is intended to support the
business cases that justify the decisions. Moreover, a model of the future landscape is expected
as well to illustrate the intended resulting portfolio.
The last phase is the Optimization. The decisions taken in the previous step should be strength-
ened with more concrete and detailed strategies, such as selecting certain products or ven-
dors. The author notes that significant changes in the application portfolio might require new
projects, therefore the actions need supervision along the whole process and alignment with
the business case should be assured.
Three processes were common in the identified methods, namely the creation of an application
inventory, the analysis of the portfolio and the decision making.
In the APR method, the collection of the application characteristics for creating the application
inventory has to be decided depending on the scope of the application analysis(Fabriek et al.,
2007). This would imply, that for every new change regarding the application portfolio, an-
other assessment has to be created, stakeholders involved and new resources allocated. Thus,
creating a thorough assessment is recommended for making the method more efficient.
The literature indicates several characteristics that should be considered when building an in-
ventory. This should contain more than general characteristics(Simon et al., 2010) and aspects
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related to risks and costs are significant, especially for their analysis and evaluation. The liter-
ature indicates several methods can be used for their collection.
It should be noted that each method is based on other previous research studies, which implies
that they strengthen other methods and bring more value to the organizations. Therefore, this
enhances the choice of considering them complete and insightful for this study.
The term APM is not consistent in scientific literature, some referring to it using the term "APR"
(Fabriek et al., 2007), however, the identified methods resemble each other. APM is considered
as a continuous process (Fabriek et al., 2007; Simon et al., 2010). Applications require to be as-
sessed and categorized individual and also as part of the broader portfolio. While the methods
present similarities, the steps are quite different.
In addition, gray literature provides several best practices for APM. Two methods for APM were
selected from the gray literature to identify if best practices align with the previous research
studies and identify the differences.
APM as a governance tool
The first method regards APM as a governance tool for the CIO and consists of a simple and
recurring process of three steps (Fabrice Vila, 2012).
In the first step, a comprehensive inventory of the existing applications is created. A clear def-
inition of reference data is necessary for consolidating application information together with
associated management rules and controls for the data collection.
The information model should be addressing business lines, technology, processes, core sys-
tems, user and business capabilities. Moreover, the regular updating of the information must
involve all necessary stakeholders and the complexity of multiple deployments should be ad-
dressed in the process. Several stakeholders are mentioned for this step, such as application
managers, users, business owners, IT managers and technical architects.
In the second step, an evaluation of the applications is performed based on the business value,
maintenance, and support costs and risk acceptance. Furthermore, it is recommended to cre-
ate a short-term and mid-term classification for the life-cycle of the applications.
More details are given for assessing the business value of an application. Practitioners indicate
the necessity of having a business view as being critical for a thorough evaluation that would
support identifying redundancies, the level of alignment with the business processes and pro-
viding the information required for further decisions.
As for the technical value, it is recommended to depict infrastructures and technologies and
map them to the existing data models for identifying the relationships. A cost model is also re-
quired for assessing the financial value. An emphasis is made on the importance of integrating
different perspectives into a consistent framework that facilitates the decision-making process.
The last step refers to the transformation and implies the creation of a road-map for the appli-
cation management. The transformation strategies should be included and scenarios should
be developed based on the planned transformations.
Moreover, the authors recommend that this method has to be integrated into the IT governance
framework. When new strategic and business objectives are established, they can impact the
application transformation strategies and the project directions. An integrated framework can
provide a high-end view and informed decisions can be taken accordingly.
The steps for this method are similar to the ones identified in the scientific literature, strength-
ening its complexity through more specific details about how data should be managed for an
efficient APM. Moreover, the stakeholders are mentioned together with several examples of
best practices that would improve their decision-making process.
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Application Portfolio Framework
Another method indicates the importance of considering the changing business trajectory for
the application assessment (Cognizant, 2014). The proposed application portfolio framework
is built upon two foundational pillars. The first one refers to the fact that industries follow
distinctive change trajectories, such as radical, creative, intermediating and progressive. These
changes are defined by two types of threats, namely the industry’s core activities, and the core
assets. The second one indicates that organizations need applications with long and useful life
to serve as their IT foundation.
The framework they propose consists of the following steps:
• Enterprise Application Portfolio Segmentation: Based on their intent, different cate-
gories of applications are subject to different types of treatment. For building an ad-
equate focus for each application, it is required to identify the capabilities and pro-
cesses that the application addresses regarding the organization’s growth and effective-
ness. Therefore, processes and capability are first categorized into three types:
1. Common: processes and capabilities are common and change very slowly, such as
those meant to support daily activities.
2. Differentiated: these processes and capabilities are meant for competitive differen-
tiation and change at a moderate pace.
3. New: capabilities and processes that allow businesses to quickly try early-stage con-
cepts, potentially through several iterations. They can become common if they are
adopted for long-term.
• Application Segmentation: Applications are mapped to the capabilities and the pro-
cesses they support. Furthermore, based on the nature of the processes and capabili-
ties, the applications are grouped into three segments: System of innovation, System of
differentiation and System of record.
• Evaluating the Business and Technical Value of Applications: Business processes and
capabilities are rated based on their maturity, rated on a scale from 1 to 3. An applica-
tion’s maturity is evaluated by summing up the maturity of the linked capabilities and
processes. A matrix is being used for visualizing the results.
• Additional Assessment and Recommendation: For making future decisions, firstly the
business trajectory has to be identified. Based on that, vehicles of change have to be de-
termined, such as processes, capabilities or just optimization, and their expected levels
of maturity. The last step is assessing the implications and generate appropriate recom-
mendations. An example is shown in Figure 2.2.
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Figure 2.2: Assessment Recommendation based on business trajectory (Cognizant, 2014)
However, for ensuring the successful implementation of APM, the authors recommend that the
transformation program should be driven and governed by senior management. Moreover, the
creation of an EA is considered substantial.
Compared to the previous methods, the latest suggests that an inventory of the application is
already in place and not many details about its construction are being given. However, the fo-
cus on the analysis and the evaluation of the application indirectly indicates the aspects that
should be considered beforehand. Since the applications need to be mapped with the capabil-
ities and process they support and their relevance for the strategic value, it is assumed that an
inventory should contain information about the intended purpose of their usage.
A striking difference from the previous methods consists of the decision-making process, where
the industry is considered when deciding the transformation strategies for the application. For
this, stakeholders need to have the knowledge not only about the internal organization but also
about the market and be able to foresee potential opportunities.
Along the time, the methods evolved and practitioners suggest that APM can be enhanced
through mapping applications to existent resources, processes and data models. For achiev-
ing that, strong enterprise architecture could facilitate the method by offering more insights
from a holistic perspective.
All the presented methods present a common approach: assessing the state of the applica-
tion portfolio, conducting its evaluation and derive actions for rationalization. The decision-
making phase receives more attention in the gray literature, regarded as being one of the strug-
gles that organizations face. Although aligned, the methods proposed by the practitioners in-
clude more details about how each step should be performed. Moreover, little emphasis exists
on the involved stakeholders and their needs and concerns.
In three of the methods, an inventory is presented as the foundation of the APM, while one
refers to it indirectly through the assessment of the application portfolio. While scientific liter-
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ature indicates that applications should be assessed and categorized individually and as part
of the portfolio, practitioners recommend strengthening the assessment by categorizing them
based on the nature of the processes they support. While all the methods agree on evaluat-
ing the value of applications from different perspectives, the characteristics suggested by each
research are slightly different.
2.1.5 Application Characteristics
This section describes the use of characteristics to conduct an assessment of software applica-
tions, also involving the related costs and the infrastructure supporting the applications.
Identifying solutions and creating various scenarios for further investment decisions require
that stakeholders should be capable to understand and measure various aspects of the applica-
tions(Riempp and Gieffers-Ankel, 2007). For achieving that, relevant characteristics have been
investigated for offering a foundation for multi-criteria analysis.
When evaluating an application, Mocker (2009) proposes that its complexity can be differenti-
ated in four types:
• interdependency refers to the interconnectedness of the applications in terms of the in-
terfaces they have with each other
• diversity related to the number of the different technologies involved for creating the
application
• deviation from the standard looks at the compliance of the application with the standard
technology set through existing policies
• overlap/ redundancy describes the degree to which an application covers certain func-
tionalities that are already covered by other applications.
The findings of this paper showed that only interdependency related characteristics impact
the complexity, as older applications and those with more complex business requirements also
exhibit more interfaces. At the same time, interdependent applications incur higher IT costs.
Therefore, in this case, stakeholders would be advised to either maintain the growth or reduce
the number of interfaces.
The diversity, deviation, and overlap might not influence the complexity of an application
(Mocker, 2009). However, it might be relevant on aggregate levels, such as the application
landscape and for this scenario, IT architecture can be investigated in order to understand the
impact that a group of applications can have in contrast with just one.
Mocker (2009) proposes that along with application characteristics, the level of activities that
address the application complexity should be considered, such as the integration measures,
standardization efforts, and consolidation efforts.
Scanning the literature, several characteristics were regarded as being important during the
APM process for the assessment, evaluation and making further decisions. Numerical and or-
dinal characteristics were identified.
From an architectural perspective, different aspects have been found as being relevant. As
stated in the previous subsection, enterprise architects need to support organizations to main-
tain a sustainable level of IT operating and to constantly improve according to external require-
ments (Riempp and Gieffers-Ankel, 2007; Khosroshahi et al., 2016). Thus, they require an un-
derstanding of the dependencies between business application characteristics and related ef-
forts of their operation. The identified characteristics and their description are presented in
Table 2.5.
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Table 2.5: Architectural Characteristics
Characteristics Description Reference
Deviation from standard Provides information on
whether the application or
parts of it deviates from
organizational standards
(Khosroshahi et al., 2017),
(Schneider et al., 2015)
Number of information
flows / interfaces
Describes the number of
connections of one applica-
tion to other.
(Khosroshahi et al., 2016),
(Khosroshahi et al., 2017),
(Schneider et al., 2015), (Wit-
tenburg et al., 2007)
Architectural standard com-
pliance indicator
Describing an application
degree of standardization
(Riempp and Gieffers-Ankel,
2007)
Number of applications Describes the number of ex-
isting applications related to
a specific domain
(Schneider et al., 2015)
Number of infrastructure el-
ements
Describes the number of
the infrastructure elements
used to realize an applica-
tion.
(Schneider et al., 2015)
One of the most important metrics from an architectural perspective is the architectural stan-
dard compliance indicator. A possible approach is demonstrated in a case study by analyzing
the underlying components to applications, so the relevant interdependencies can be identi-
fied (Riempp and Gieffers-Ankel, 2007). Each metric can be evaluated on a scale from 1 to 5. On
this scale, 1 indicates that the application is compliant, 2 that is compliant, but not tolerated,3
for not compliant, but minor use, for example just in some business units, and 4 indicates that
is not compliant and is a major issue. The value 5 is indicated when the compliance is unde-
cided.
The complexity of enterprises can be significantly impacted by the complexity of the business
processes and interfaces(Khosroshahi et al., 2016). Therefore, an increased number of the sup-
ported process can lead to more interdependencies causing difficulties in its maintenance and
greater costs. For this reason, characteristics addressing those should be considered.
Business requirements have been identified as one of the cases of the application complexity
leading to cost increase (Khosroshahi et al., 2017). Therefore, in a cost reduction scenario, char-
acteristics related to business compliance and functionality should be carefully investigated as
they are critical in identifying each application and its role (Simon et al., 2010). Several charac-
teristics were identified from the literature and presented in Table 2.6.
An outstanding characteristic is the business standard indicator, which describes the extent
to which an application is compliant to the business standards (Riempp and Gieffers-Ankel,
2007). In a case study, one method of appreciating the value of this metric was on a scale from
0 to 4, where :
• 0: not yet classified
• 1: has been declared an organization-wide business-standard,
• 2: has been declared a business standard in selected parts of the organization
• 3: is tolerated
• 4: is violating other business standards.
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Table 2.6: Business Characteristics
Characteristics Description Reference
Functional scope Indicated the scope for each
application
(Schneider et al., 2015)
Operational excellence indi-
cator
Describes the degree of an
application operational sta-
tus from an aggregated IT
operational viewpoint
(Riempp and Gieffers-Ankel,
2007), (Wittenburg et al.,
2007)
Number of supported busi-
ness processes
Describes the number of
supported businesses.
(Khosroshahi et al., 2016)
Number of supported busi-
ness data objects
Describes the number of
data objects used
(Khosroshahi et al., 2016)
Business standard indicator Describing the alignment of
the application to the busi-
ness standards.
(Riempp and Gieffers-Ankel,
2007) , (Wittenburg et al.,
2007)
Also, the operational excellence indicator is quite significant. For evaluating this metric,
(Riempp and Gieffers-Ankel, 2007) indicates that applications and components should firstly
be clustered according to services and operation dimensions, and then assessed and rated us-
ing performance indicators, benchmarks, and expert judgment.
A research study identified the age and the alignment with the business requirements as the
main causes of the IT complexity (Mocker, 2009). Therefore, for addressing them, technical as-
pects should be considered in application assessment so that stakeholders can easily identify
the areas which can be improved. The technical characteristics should help to identify the in-
terdependencies, the diversity of the technology and the deviation from technology standards.
Moreover, they can support tracking the technical compliance and operational performance of
an application.
The technical metrics take the perspective of the developer or reviewer of an application pro-
gram, however, they are insightful for application managers, IT managers and project managers
for future investments. These are presented in Table 2.7.
A thorough evaluation of the technical complexity should consider the proposed characteris-
tics together and not individually. For example, analyzing just the age of an application is not
sufficiently and it should be supported by information which identifies the degree of the cus-
tomization during its lifecycle.
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Table 2.7: Technical Characteristics
Characteristics Description Reference
Functional readiness Describes the degree to
which an application’s
required functions are avail-
able in the required quality.
(Riempp and Gieffers-Ankel,
2007), (Simon et al., 2010)
IT project status indicator Defined to capture the sta-
tus of scheduled and run-
ning projects.
(Riempp and Gieffers-Ankel,
2007), (Wittenburg et al.,
2007)
Expected development date Indicates the date when the
development spend begins
for an application.
(Cantor, 2011)
Lifecycle state Describes the lifecycle state
of an application.
(Riempp and Gieffers-Ankel,
2007), (Saskia Zelt, 2013), si-
mon
Application Lifecycle Dura-
tion
Indicates the lifecycle dura-
tion of applications
(Cantor, 2011), (Weill and Vi-
tale, 1999)
Utilization indicator Describes the percentage of
the operational time that a
resource is busy.
(Lankhorst and Quartel,
2010)
Application Age Describes the amount of
time since the initial release
of an application.
(Khosroshahi et al., 2016),
(Khosroshahi et al., 2017)
Technology diversity Indicates the number of
technologies an application
is based on.
(Khosroshahi et al., 2017),
(Simon et al., 2010)
Documentation quality Describes the availability
and extent of documenta-
tion.
(Khosroshahi et al., 2017)
Application failure Indicates the number of ap-
plication downtimes in a
specific period.
(Khosroshahi et al., 2017),
(Simon et al., 2010)
Application size Indicates the function points
or lines of code of an appli-
cation.
(Khosroshahi et al., 2017)
Number of incidents Indicates the number of in-
cidents for an application in
a time frame.
(Khosroshahi et al., 2017)
Number of users Indicates the number of reg-
istered users on each appli-
cation.
(Khosroshahi et al., 2017)
Incident processing time of
an application
Describes the amount of
time that was required for
solving an incident.
(Khosroshahi et al., 2017)
Expected retirement date Indicated the date when an
application is expected to be
retired.
(Cantor, 2011)
Functional redundancy Indicates the number of
functional redundancies of
an application.
(Khosroshahi et al., 2017),
(Schneider et al., 2015),(Si-
mon et al., 2010)
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The last category of identified characteristics is related to investment decisions, capturing the
costs, risks and strategic alignment and they are presented in table 2.8. Operation costs directly
contribute towards the TCO and they involve all the expenses required to maintain the usage
of the applications. Several examples of such expenses are the costs for licensing, the database
storage and the server handle, required upgrades, support services and the operation of the
server environments (Khosroshahi et al., 2016). Important to mention is that in the planning
phase, stakeholders might not have the real costs, so they need to propose a budget or estimate
the costs(Cantor, 2011). To keep track of such assumptions, it is important to implement a
method to check if the provided financial aspects are estimations or real costs.
Table 2.8: Investment related characteristics
Characteristics Description Reference
IT investment indicator Describing the investment
estimated for an application.
(Riempp and Gieffers-Ankel,
2007), (Wittenburg et al.,
2007), (McKeen and Smith,
2010)
Revenue per User Describes the income per
user
(Khosroshahi et al., 2016)
Operating costs Indicates the amount of op-
erating costs for an applica-
tion in a given time frame.
(Cantor, 2011), (Khosroshahi
et al., 2017)
Investment value Describes the financial value
of the investment for a spe-
cific period of time.
(Cantor, 2011)
Net present value Describes the value in the
present of an application in
contrast to future value.
(Cantor, 2011)
Future value Describes the estimation of
a future value of an applica-
tion.
(Cantor, 2011)
Estimated savings Describes the estimated sav-
ings for an application.
(Cantor, 2011)
Cost efficiency Describes the ratio between
development, costs and rev-
enue.
(Wittenburg et al., 2007)
Return on Investment Measures the amount of re-
turn on an investment, rela-
tive to the investment’s cost.
(Wittenburg et al., 2007),
(Cantor, 2011), (Mocker,
2009)
Return on Asset Indicator of how profitable a
company is relative to its to-
tal assets.
(Wittenburg et al., 2007)
Security status indicator Describes the degree of
alignment to the security
standards.
(Simon et al., 2010)
Investment risk Describing the risk of invest-
ing in a specific application
(Cantor, 2011)
While for some of the identified characteristics, their description is quite straightforward, oth-
ers might require more effort for understanding or calculating (Riempp and Gieffers-Ankel,
2007). For example, a complex method for calculating the Return on Investment metric is
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presented in (Cantor, 2011), however in practice might have different methods of calculating
it(Fabrice Vila, 2012; Cognizant, 2014).
Moreover, there are different approaches for calculating the same metric for a specific char-
acteristic. For example, the strategic importance indicator is calculated manually and in-
volves more stakeholders in one of the case studies (Riempp and Gieffers-Ankel, 2007), while
(Lankhorst and Quartel, 2010) and (Khosroshahi et al., 2017) present more complex and au-
tomated methods. In practice, stakeholders can have different opinions regarding the impor-
tance of an application, therefore for assessing the real value, all opinions should be considered
in the process (Fabriek et al., 2007; Riempp and Gieffers-Ankel, 2007).
Some extra characteristics which should be included when consolidating an application inven-
tory such as application name, release version, implementation data, and application owner,
however, these are not necessary for evaluation, but for a historical tracking of the application
development (Fabrice Vila, 2012). However, it can strengthen the evaluation of technical and
business value. Moreover, keeping track of the stakeholders who interacted with an applica-
tion, such as developers or engineers, is beneficial for IT managers, so they have information
about whom to contact when more questions arise about an application evolution in a given
time frame (Simon et al., 2010).
It has been noticed that in gray literature, the characteristics that were presented were consis-
tent with the ones identified in the scientific literature. Moreover, in the scientific literature,
more complex methods and description were given.
In portfolio management a metric is a characteristic of an organization, such as business value,
cost, and customer satisfaction, used to score elements in portfolios (BiZZdesign, 2010). In the
definition of a metric, not only a name is set, but also the measurement unit of the metric and
the way of being measured.
When metrics are being defined, a distinction should be made between base metrics and ag-
gregate metrics. The first one delivers directly measured values, while the latter is calculated
using other metrics. The aggregation formula shows how the values of the underlying metrics
are combined into a single value in the aggregate metric.
These characteristics, seen as potential metrics, can be used for creating an application inven-
tory that provides all the information needed for assessment and evaluation. Moreover, they
can serve further at creating a foundation for KPI development following the guidelines pro-
vided by (Khosroshahi et al., 2017).
Florentina Badea University of Twente
 


	35. 2. LITERATURE REVIEW  27
2.2 Stakeholder Involvement
APM represents a continuous, structured and systematic process, which stakeholders need to
follow for making decisions regarding the existent applications of an organization. This chapter
presents why their needs should be considered and how their knowledge can bring value to the
process.
The complexity and the dynamic nature of the APM approach require structured and transpar-
ent decision-making that embraces a diversity of knowledge and perspectives. Ensuring that
stakeholders involved in a decision-making process have the power to influence the decision
and the technical capability to engage effectively with the decisions is regarded as stakeholder
involvement or stakeholder engagement (Pandi-Perumal et al., 2015).
For this reason, stakeholder involvement in the APM decision-making process has been
increasingly sought and seen as a necessity in the organizational culture of organizations
(Riempp and Gieffers-Ankel, 2007). Practitioners argue that linking together different perspec-
tives and cross-referencing information allows understanding the real issues and support mak-
ing the right decisions (Fabrice Vila, 2012). The literature argues that stakeholder involvement
needs to be underpinned by a philosophy that aims towards empowerment, equity, trust and
learning (Reed, 2008).
The key focus in the process of stakeholder involvement is the stakeholder, defined as "any
group or individual who can affect or is affected by the achievement of the organization’s ob-
jectives" (Pandi-Perumal et al., 2015). Therefore, any individual or group of individuals inter-
ested, able to influence or is affected by the decision-making process and its outcome, can be
considered as a stakeholder.
The process of encouraging stakeholder involvement is referred to as stakeholder management
and consists of four steps (Pandi-Perumal et al., 2015). Figure 2.3 presents the four steps and
their key outputs.
Figure 2.3: Stakeholder Management steps and key outputs(Pandi-Perumal et al., 2015)
Identification of stakeholders
The first step requires the identification of all the stakeholders and documenting relevant in-
formation regarding their interests, expectations, involvement, and influence.
The techniques used for this step are the stakeholder analysis, expert judgment, and meet-
ings. The stakeholder analysis is however identified as the most common approach by both
academic literature and practitioners (Simon et al., 2010; Reed, 2008; Cognizant, 2014; Khos-
roshahi et al., 2016).
Analysis of stakeholders can be used to generate knowledge about the relevant actors to un-
derstand their behavior, intentions, interactions and their interest in a given context and the
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influence or resources that they can bring to the decision-making process (Brugha and Var-
vasovszky, 2000). The stakeholder analysis aims to evaluate and understand stakeholders from
the perspective of an organization and to highlight the importance of actors and interest groups
in the decision-making process (Pandi-Perumal et al., 2015).
Conducting a stakeholder analysis involves three steps according to Pandi-Perumal et al.
(2015), namely:
1. identifying potential stakeholders and relevant information,
2. identifying potential impact and support,
3. assessing each stakeholder’s attitude or likeliness to react.
The identification of the stakeholders should be conducted through brainstorms, interviews
and organizational documents (Jepsen and Eskerod, 2009; Pandi-Perumal et al., 2015). A down-
side of using only organizational documents is the generality of the interaction and the lack
of details for specific cases. Therefore, interviews and brainstorm sessions bring more value
through specific information (Jepsen and Eskerod, 2009).
The characterization of the stakeholders should include the assessment of needed contribu-
tions, expectations concerning regards for contributions and the power concerning the deci-
sion that needs to be taken.
The data collection method for the characterization is the use of face to face interviews with
stakeholders. The reason behind the approach lays in the significant value provided through
the level of details and accuracy per each stakeholder (Jepsen and Eskerod, 2009).
A possible outline for the characterization of the stakeholders can include attributes like In-
terest, Contribution, Expectations, Power, Strategy, and Responsibilities (Jepsen and Eskerod,
2009). The contribution is regarded as a specific deliverable such as a positive attitude or spe-
cific behavior, such as making a supportive decision. Expectations are rewards that stakehold-
ers expect in exchange for their work, the authors indicating that usually external stakeholders
put more emphasis on that. Some examples mentioned in the article are influence, access,
publicity or attention.
The power of stakeholders in decision-making is critical and it can be assessed based on their
knowledge and the context of the decision. The attitude has a significant role in future deci-
sions regarding their involvement. This is because the stakeholders labeled in some level of
opposition would require more attention than the ones which are supportive(Pandi-Perumal
et al., 2015).
Another study indicates that characterization could be done through two common approaches,
namely a top-down approach, where an analytical categorization is created, and a bottom-up
one where reconstructive methods are used (Reed, 2008). The top-down approach implies that
stakeholders are classified by researchers based on their observations of the system in question
and assumptions made on the way it should function. The bottom-up approach allows the
categorization and parameters included in the analysis to be determined by the stakeholders
themselves, so the analysis reflects the perceptions of the stakeholders.
The output of this step should be a stakeholder register that needs to contain details related to
the stakeholder classification, their identification information, and assessment.
When identifying stakeholders, several challenges can arise. Firstly, managers can have diffi-
culties in correctly identifying the stakeholders that should be considered (Jepsen and Eskerod,
2009). This mostly happens due to the fact that stakeholders have different contributions dur-
ing the stages of a project, so in the early stages is hard to get an overall impression (Pandi-
Perumal et al., 2015).
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