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Abstract

In the field of enterprise architecture (EA), traditional frameworks have followed a linear, stepwise
process akin to the waterfall model in software development, which limits flexibility once a phase is
completed. This thesis identifies a gap in the literature regarding a methodology that aligns the princi-
ples of agile software development, as outlined in the Agile Manifesto, with the discipline of enterprise
architecture. The primary research question addressed in this study is: "How to design a methodology
that satisfies agile practices or principles so that companies can better transform digitally using enter-
prise architecture?" The Design Science Research Methodology (DSRM) guides the research process,
leading to the development of the "Agile Enterprise Architecture Development Method" (AEA-DM)
as the proposed methodology. By incorporating modified agile principles that address the limitations
of the waterfall approach, it is hypothesized that merging these two disciplines can enhance digital
transformation outcomes compared to current EA practices.

The study’s main objective is to design a comprehensive and flexible methodology for constructing
an agile enterprise architecture to facilitate digital transformation. To achieve this, the research ques-
tions are divided into three key objectives, all of which are successfully accomplished. The literature
review focuses on exploring agile practices that benefit enterprise architecture management during dig-
ital transformation. Noteworthy practices identified include incremental development, collaboration,
customer/stakeholder representation, continuous optimization, and test-driven design. These agile
practices are integrated into the AEA-DM to ensure its alignment with agile principles.

The AEA-DM is specifically devised as an agile approach for developing enterprise architecture. A
process flow diagram is used to provide a clear and structured representation of the methodology, while
various team roles are assigned to facilitate agile testing, design of the EA, collaboration and demand
management. The workflow encompasses steps such as demand collection, assessment, architecture
change analysis, design of EA increment, and test-driven design. By following this methodology,
organizations can effectively manage stakeholders’ demands and foster continuous improvement within
their enterprise architecture development process.

To evaluate the viability of the AEA-DM, a qualitative method, namely a thematic analysis is
conducted on interview data obtained from experts in the enterprise architecture and digital transfor-
mation field. The evaluation aims to confirm the inclusion of all prerequisites and identify themes that
validate the methodology. Valuable feedback received from the interviewees is incorporated into the
final modified version of the AEA-DM, further enhancing its effectiveness for future implementation.

Therefore, this study provides valuable insights into the design of an agile enterprise architecture
methodology and its potential to support digital transformation. By integrating agile practices and
incorporating feedback from stakeholders, organizations can leverage enterprise architecture to optimize
their IT landscape and drive successful digital transformation initiatives. The AEA-DM serves as a
comprehensive and flexible methodology that enables enterprises to navigate the complexities of digital
transformation in an agile and efficient manner. Further research and empirical validation of the AEA-
DM, including quantitative analysis and additional interviews or observations, are recommended to
strengthen its applicability and broaden its scope of implementation

Keywords: Agile Enterprise Architecture, Methodology, Digital Transformation, Qualitative review
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Chapter 1

Introduction

In the field of enterprise architecture (EA), frameworks have historically followed a linear, stepwise
process similar to the waterfall model of software development, which allows for limited flexibility
once a phase is complete [68]. This thesis identifies the gap in literature of a methodology that aligns
the principles of agile software development, as stated in the Agile Manifesto, with the discipline
of Enterprise Architecture. Accordingly, this methodology is referred to as the "Agile Enterprise
Architecture Development Method" or AEA-DM in subsequent sections of the document. By
adopting modified agile principles, similar to those that addressed the limitations of waterfall develop-
ment, it is hypothesized that the resulting merger of the two disciplines may lead to improved digital
transformation outcomes for enterprises/firms compared to current EA practices.

1.1 Enterprise Architecture

The ISO/IEC/IEEE FDIS 42010 standard gives us the definition of an architecture in the software
engineering and systems context:

"Fundamental concepts or properties of an entity in its environment and governing princi-
ples for the realization and evolution of this entity and its related life cycle processes."[41]

Therefore, we can say that an architecture helps us to obtain an overall holistic view of a sys-
tem/system of systems and ascertain its properties. The discipline of EA can be traced back to the
1960s, where the first EA framework was designed by John Zachmann [77]. It is important to note
that an architecture can be built at different abstraction levels (eg: software architecture, business
architecture etc.,). According to Gartner,

"Enterprise Architecture (EA) is a discipline for proactively and holistically leading enter-
prise responses to disruptive forces by identifying and analyzing the execution of change
toward desired business vision and outcomes. EA delivers value by presenting business
and IT leaders with signature-ready recommendations for adjusting policies and projects
to achieve targeted business outcomes that capitalize on relevant business disruptions"[27]

An EA captures both, business aspects (e.g., business processes, business objects) and IT aspects
(e.g., interfaces, networks, devices) as well as their interrelations [16]. This gives us an overall view of
the workings of an organization.

1.2 Agile Principles

In the field of software development, before the advent of the agile manifesto, practitioners were
advocating for extensive planning, codified processes, and rigorous reuse to make development an
efficient and predictable activity assuming that customer needs and requirements would stay the same
throughout the development life-cycle [13]. However, this is not the case in the real world where
customer needs are ever evolving. This led to the development of the Agile Manifesto in 2001 [11]
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which outlines 12 principles and 4 values of agile software development to deliver better products.
These lean agile principles were derived from the Toyota Production System (TPS) where the primary
aim of the TPS was to deliver value to customers by eliminating waste and increasing efficiency. The
Toyota Production System (TPS) was derived from two concepts [46]:

• "Jidoka" which focuses on the social aspect of fully utilizing workers’ capabilities

• "Just-in-Time" (JIT) concept which comprises of pull systems, one-piece flow, leveling.

Similarly, we can say that "Agility means to strip away as much of the heaviness, commonly
associated with traditional software-development methodologies, as possible to promote quick response
to changing environments, changes in user requirements, accelerated project deadlines, and the like."
[24]. In essence, agile methods seem to embrace the idea of uncertainty, changing requirements and
environments. These properties make it attractive for the domain of software development where these
methodologies have proven to be effective [38].

1.3 Digital transformation

Digital transformation(DT) can help companies improve their strategic agility while enhancing the
customer experience, simplifying operations, or creating new business models. DT has become a
means for entrepreneurs to internalize external pressure as a driving force for change in the face of
competitive and unpredictable external environments [78]. Based on the "2019 Digital Transformation
Market Trends Report," the majority of respondents (78%) viewed digital transformation (DT) as
essential for their organization’s survival, with 24% ranking DT as their highest priority [78]. Digital
transformation has many definitions, a comprehensive one by the Open group is:

A strategy and an operating model change, in which technological advancements are lever-
aged to improve human experiences and operating efficiencies, and to evolve the products
and services to which customers will remain loyal [69].

Digitalization is now known to be part of the fourth industrial revolution, which encompasses
changes in information technology, automation, and the shift from offline to online services [4]. [14]
define it as a consistent networking of all economic sectors and as adoption of new actors to new cir-
cumstances in the digital economy. The authors of [14] conclude that digital technologies such as cloud
computing and mobile apps have transformative potential for businesses and that Enterprise architec-
ture plays a vital role in communicating business plans and establishing a comprehensive framework,
making it a suitable tool for selecting among multiple service offerings in the later stages of the Digital
Transformation model.

1.4 Contribution to research

As mentioned in the introduction, agile methods and enterprise architecture are often looked at as
opposites. In the realm of academia, the conventional approach to designing enterprise architecture
has been likened to a waterfall process, while agile methods are often criticized for their perceived lack
of emphasis on design. This thesis challenges this perception in trying to integrate the two domains.

Additionally, as mentioned in his book, "The Agile Architecture Revolution" [12], in a chapter ti-
tled, "Can we do Agile Enterprise Architecture?", Mr. Jason Bloomberg suggests that the existing
obstacles faced by enterprise architecture could potentially be overcome through the creation of an
all-encompassing and efficient methodology. Such a methodology would act as a guiding framework,
presenting explicit instructions for enterprises to follow in order to accomplish their objectives. How-
ever, even if this methodology were to be established, providing detailed step-by-step instructions for
all members of the organization to adhere to, and even if the successful communication and adoption
of these instructions were achieved across the entire enterprise—an endeavor that is undoubtedly ardu-
ous—the fundamental challenge of change would still persist. Despite its ambitious nature, this thesis
aims to challenge the notion that a comprehensive methodology cannot be developed.
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Overall, this study provides valuable insights into the design of an agile enterprise architecture
methodology and its potential to support digital transformation. By incorporating agile practices and
considering the feedback obtained from stakeholders, organizations can leverage enterprise architecture
to optimize their IT landscape and drive successful digital transformation initiatives.

1.5 Document Structure

This thesis is divided into 6 chapters. Where the first one will focus on giving an introduction to the
area of focus, the second goes into the design of the research and explanation of how the DSRM is
applied in this thesis. The third lays out the design and execution process of the literature review and
focuses on answering the first sub-research question through the means of explaining the results of the
literature review. The fourth will endeavor to answer the second sub-research question through the
means of the design of the IT artifact. The fifth chapter focuses on the evaluation of the IT artifact
through the means of the qualitative data analysis of semi-structured interviews. And finally the thesis
is concluded with a chapter focused on an updated methodology based off the results of the evaluation
and remarks for future work.
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Chapter 2

Research Design

Since Enterprise Architecture is used to manage the complexity the arises from the development of
a System-of-Systems in an organization, it follows that the study of EA is a part of the information
systems domain. Hence, this research in the EA and information systems domain entails the use of
Design Science since we can infer that the design of a methodology is first and foremost a design
problem. According to the criteria set by [73], the Design Science Research methodology (DSRM) by
Peffers et. al [56] was chosen for this thesis. Therefore, the steps laid out in the DSRM which can be
seen in the figure 2.1 were followed to guide the research process.

Figure 2.1: Design Science Research Methodology from [56]

2.1 Problem identification

In the current information age, the continuous digital transformation of enterprises has become a
crucial priority. In order to respond and adapt to the rapidly changing competition, demand, technol-
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ogy, and regulations, organizations need to be able to reconfigure their strategy, structure, processes,
people, and technology quickly towards value-creating and value-protecting opportunities. However,
research suggests that organization agility is challenging for many companies [60]. As a result, firms
are increasingly turning to enterprise architects to lead their business approach to digital innovation,
given its importance [57].

Mapping out the entire IT landscape of an organization and maintaining, using, and improving
the information to support digital transformation typically takes a long time. Traditionally, enter-
prise architecture (EA) has been linked to the waterfall methodology of management, which was not
a problem during the early days of EA. However, as organizations’ IT landscapes become increasingly
complex, and more and more enterprises employ SaaS solutions from different vendors for different
purposes, this complexity will continue to grow as the IT landscape becomes more fragmented. Ad-
ditionally, organizations need to transform quicker and in shorter cycles to keep up with the speed
of innovation and competition, indicating that the traditional methodology of enterprise architecture
may not be sufficient. The evolution of enterprise mobile IT and cloud computing has brought about
new paradigms and requirements that must be considered by EA frameworks [15] [48].

According to [48], existing EA frameworks may not be suitable for achieving digital transformation.
Thus, there is a need for EA frameworks to adapt to change and be more agile in addressing emerging
trends and demands. Similar to the evolution of software development practices from following waterfall
methodologies to a more agile form of development, the discipline of enterprise architecture could adopt
similar ideas to enable a more agile approach.

2.2 Objectives

As mentioned in the previous sections, the main high level objective of this thesis is to design and
develop a methodology for the development of an Agile Enterprise Architecture for the purposes of
digital transformation of a firm/enterprise. By and large, the main concepts of this research are agile
methodologies, enterprise architecture and the interactions between the two concepts.

2.2.1 Scope

The use of an Agile Enterprise Architecture in an enterprise comprises of many steps. It should be
noted that the focus of the thesis is not on the scaling of agile throughout an organization directly.
However, since Enterprise Architecture should play a role in the achievement of the overall strategic
goal of an organization, it can be perceived that the key to scaling agile throughout an organization is
through the effective use of EA. This thesis’ primary objective is the design of an effective methodology
that describes how to build/engineer an incremental agile enterprise architecture. The procedure for
actual adoption & deployment of architecture increments is considered out-of-scope for this thesis.
Furthermore, the decision of whether an organization is suitable for practicing such an agile EA is also
considered out of scope.

2.2.2 Research questions

The main research question was designed using the guidelines outlined in [76] regarding the use of a
problem context, IT artifact, stakeholder goals and requirements. Hence, the main research question
can be summarized as:

How to design a methodology that satisfies agile practices or principles so that companies
can better transform digitally using enterprise architecture?

Where,

• Methodology is the IT artifact

• Incorporating agile practices/principles is the requirement

• better digital transformation is a stakeholder goal
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• Enterprise Architecture is the problem context

This main research question was further subdivided into x amount of more sub-research questions.
They are as follows:

Which was divided into the following sub-research questions

1. What agile practices benefit enterprise architecture management in the digital transformation of
an enterprise?

2. How can the design or engineering of an enterprise architecture be made agile?

3. Does the developed methodology provide a viable approach for designing and implementing enter-
prise architecture?

As mentioned in [76], design science consists of 2 kinds of research concepts. Namely, design
problems and knowledge questions. The knowledge questions are used to provide existing information
about particular areas of interests. Consequently, before the design of an artifact, there was a need
to obtain existing and relevant information about the domain of agile methods and their interaction
with enterprise architecture. This led to the conduction of a systematic literature review as outlined
by [45] combined with snowballing strategies and Grey literature. This literature review is aimed at
answering the first sub-research question. Based on the background topics and the required knowledge,
the formed research question was further divided into 4 other sub-research questions.

Based off of the main research question, sub-research questions are designed so that the problem
can be broken down into smaller easily addressable chunks. Of which, the main RQ is a knowledge
question:

What agile practices benefit enterprise architecture management in the digital transforma-
tion of an enterprise?

Which was divided into the following knowledge questions:

1. Which agile methodologies are mentioned in state of the art literature?

2. What are the benefits of agile methodologies over traditional waterfall style methods?

3. What are best procedures to incorporate agile principles into enterprise architecture management?

4. Which techniques/methodologies and practices of enterprise architecture management support the
digital transformation of an enterprise?

2.3 Design and Development

The third phase of the DSRM is the design and development of the IT artifact. The design of the
artifact requires the answering the first knowledge question. This was achieved in the form of a
systematic literature review combined with snowballing with 1 iteration and some Grey literature.
The results of the literature review determine the design of the AEA Development Methodology which
is the "IT Artifact". Therefore, the artifact design answers the second sub-research question, "How
can the design or engineering of an enterprise architecture be made agile?"

2.3.1 Artifact requirements

To achieve the main research goal, a set of requirements that the artifact must fulfill have been
identified. These requirements ensure that the created artifact (methodology) is applicable for practice,
if not empirical testing at the minimum. These requirements are:

1. The methodology must address the question of pre-requisites

2. The methodology must describe the various roles and responsibilities mentioned in it

3. The methodology must have a construct that accounts for the agility aspects that will be high-
lighted in later sections
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Figure 2.2: Development of the AEA-DM

2.4 Demonstration and Evaluation

Due to the inherent nature of the research conducted in this study and its context, the demonstration
and evaluation stages are closely intertwined with one another. The main output of this research is
the Agile Enterprise Architecture - Development Method. One of the best methods to validates the
use of the AEA-DM empiricially, is for it to be used in an organization and obtain results in the
form of case studies. However, this sort of validation will require a few months to a few years to
show trustworthy results. Since that does not fit into the time frame of a master thesis, the chosen
form of demonstration and evaluation of the use of this methodology will be done in the form of
expert interviews. The methodology is first explained to the interviewees to help them understand
the different constructs involved and also the scope of the methodology itself. And then a short semi-
structured interview is conducted to verify the methodology itself and its short prototype that was
created .

According to [76], there are 2 kinds of design science problems as shown in the figure 2.3. To
compare these problems to the research conducted in this study, the first part, which is the design an
artifact to improve a problem context is the part where the IT artifact, the AEA-DM is developed. The
second part, which is to answer knowledge questions about the use of the artifact in context is dealt
with in the demonstration and evaluation part of the DSRM. Therefore, the evaluation conducted
answers the final sub-research question, "Is the methodology a viable option to build an enterprise
architecture in an enterprise?"

Figure 2.3: 2 kinds of DS Problems

2.5 Communication

This research and all of its findings will be published on essay.utwente.nl where the methodology
and report can be freely downloaded after the conclusion of the researcher’s Master thesis.
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Chapter 3

Literature review

3.1 Review Methodology

3.1.1 Review Process

In order to ensure a thorough examination of the literature in the field, the review was divided into two
phases. The first phase is the systematic literature review which was outlined in the previous sections.
An overview of this can be seen in the figure 3.2. For the purposes of the systematic literature review,
the guidelines prescribed by Barbara Kitchenham [45] were followed to avoid research bias for the
below mentioned research questions. During the second phase of the review, additional studies were
included to provide a broader context. This was achieved through the process of snowballing, where
relevant studies were identified from the references of the initially selected papers. Furthermore, gray
literature sources, such as company reports and industry publications, were also searched to gather
additional information and insights.

In the first stage (SLR), the number of studies needed to be reviewed as a result of all the search
queries was 211. This was later downsized by a simple title review which resulted in 79 studies.
However, this was further downsized to 36 studies with a deeper abstract filter. Any studies that were
found to be irrelevant to answering the posed research question were not investigated further. The
final 36 studies were used as the starting set for the snowballing phase.

The second stage of the review process focuses on literature inclusion through snowballing and gray
literature. This stage involves identifying and including studies that were mentioned as sources/references
in other studies and that require further investigation. The main snowballing strategy is to look for
relevant studies through the references of the studies examined at the end of the SLR. Hence, the
filtering process begins with a title filter, followed by an abstract filter, and ultimately a full paper
filter to determine the inclusion or exclusion of studies. In this study, only one iteration of snowballing
was performed. Additionally, a web search was conducted to identify relevant information from gray
literature sources. Figure 3.1 provides an overview of the entire review process.

3.1.2 Research questions

As explained in the chapter Research Design, this literature review answers the main question:

What agile practices benefit enterprise architecture management in the digital transforma-
tion of an enterprise?

Which was divided into the following research questions

1. Which agile methodologies are mentioned in state of the art literature?

2. What are the benefits of agile methodologies over traditional waterfall style methods?

3. What are best procedures to incorporate agile principles into enterprise architecture management?

4. Which techniques/methodologies and practices of enterprise architecture management support the
digital transformation of an enterprise?
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Figure 3.1: Overview of the overall review process

Figure 3.2: Overview of the systematic literature review

To understand why the research question was split into four sub questions, we must consider that
there are four areas of interest. The first RQ is to gain knowledge of the different agile methodologies
that are being used in different fields, the second is to understand the benefits of agile methods over
waterfall methods and whether traditional waterfall practices must be considered to be maintained,
enhanced or completely abandoned, the third is to understand how agile methodologies and enterprise
architecture frameworks can be integrated (which is the main crux of this research). The final research
question is formed to verify the connection between the domain of enterprise architecture and digital
transformation projects. The idea is that if EA can act as an enabler to DT projects, so can Agile EA.

3.1.3 Search strategy

The main database source for the systematic literature review was the "Scopus" database, where
appropriate keywords were used for the corresponding research question. The search queries were
created using combinations ("OR" or "AND") of the keywords and limited to studies in English. The
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search queries for the specific research questions are as follows:

1. Which agile methodologies are mentioned in state of the art literature? - search conducted on
22/2/2023

TITLE-ABS-KEY ( ( "agile principle" OR "agile method*" OR "agile manifesto"
OR "agile framework" OR "agile approach" ) AND ( "systematic review" ) ) AND (
LIMIT-TO ( LANGUAGE , "English" ) )

2. What are the benefits of agile methodologies over traditional waterfall style methods? - search
conducted on 27/2/2023

TITLE-ABS-KEY ( waterfall AND ( "agile principle" OR "agile method*" OR "agile
manifesto" OR "agile framework" OR "agile approach" ) AND ( benefits OR drawbacks
) ) AND ( LIMIT-TO ( LANGUAGE , "English" ) )

3. What are best procedures to incorporate agile principles into enterprise architecture management?
- search conducted on 2/3/2023

TITLE-ABS-KEY ( ( "agile principle" OR "agile method*" OR "agile manifesto" OR
"agile framework" OR "agile approach" ) AND ( "enterprise architecture" OR "agile
enterprise architecture" ) ) AND ( LIMIT-TO ( LANGUAGE , "English" ) )

4. Which techniques/methodologies and practices of enterprise architecture management support the
digital transformation of an enterprise? - search conducted on 2/3/2023 and document type was
limited to article considering the number of studies were nearly 280 which indicates that the field
is quite mature.

TITLE-ABS-KEY ( ( "Enterprise Architecture" OR "EA" OR "Enterprise architecture
management" ) AND ( "digital transformation" OR "digital strategy" OR "Enterprise
Strategy" ) ) AND ( LIMIT-TO ( DOCTYPE , "ar" ) ) AND ( LIMIT-TO ( LAN-
GUAGE , "English" ) )

3.1.4 Inclusion and exclusion criteria

After executing the search query, results were first limited through the means of a title read-through
and then further limited through a more thorough abstract read-through. This procedure can be seen
in the figure 3.2. If studies were found to be irrelevant to the specific research question that it had to
answer, then they were excluded. The exact inclusion and exclusion criteria are mentioned below.

Inclusion criteria:

1. Studies made in English

2. Studies available for download through the University of Twente

3. Studies that address the relevant research questions

Exclusion criteria:

1. Studies which titles have no similarity to the scope of study

2. Studies which were repeated in the form of conference proceedings

3. Studies with abstracts that indicate that they do not answer the relevant research question
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3.2 Literature review findings

This chapter presents the findings and highlights the key insights from the systematic literature review
that was outlined in Review Methodology and sets up the first step for further research and development
towards an agile enterprise architecture methodology.

3.2.1 Agile methodologies

To address the first sub-sub-research question, the search query yielded 81 studies to be scrutinized.
However, a more comprehensive analysis as outlined in the previous chapter Review Methodology led
to the selection of only 10 studies for an in-depth review. The primary objective of the first research
question was to examine the existence of secondary studies conducted on agile methodologies. This
was crucial in identifying general agile practices or specific agile practices such as Scrum, XP, and
Kanban. A previous study by [36] highlighted some trends of studies on agile methods in scientific
databases. However, the study did not provide insights into how certain agile methods are implemented
in organizations.

The initial approach to software development involved the Waterfall model, in which programmers
would receive a list of customer requirements, match them up, and deliver the product. However, this
model faced many issues, including frequent changes in customer requirements and uncertainty about
what those requirements actually were. Programmers also faced their own problems, with a false sense
of progress and incomplete coverage of the total project. As a result, there was a demand for a more
iterative process with shorter development cycles [66]. During the 1990s and early 2000s, software
engineering experts debated on how to organize software development in a way that would result in
quicker, higher quality, and cost-effective solutions. Various proposals for improvement were put for-
ward, including the standardization and measurement of software processes, as well as several specific
tools, techniques, and practices [23]. One of these solutions for improvement were "Agile Methodolo-
gies". In February 2001, a group of seventeen individuals came together to create the "Manifesto for
Agile Software Development", which formally defined the principles and values of agile methodologies
[52] [11]. Agile methods are seen as a response to plan-based or traditional approaches that prioritize
a "rationalized, engineering-based" method where it’s assumed that problems can be fully defined,
and there is always an optimal and predictable solution for each issue. Those who follow traditional
approaches are often believed to promote extensive planning, codified processes, and strict re-usability
to make software development a reliable and efficient task [52].

The authors of [24] define agility as :

Agility means to strip away as much of the heaviness, commonly associated with the tra-
ditional software-development methodologies, as possible to promote quick response to
changing environments, changes in user requirements, accelerated project deadlines and
the like.

Many attempts have been made to elucidate the fundamental principles of agile software develop-
ment, often by drawing parallels with other fields. Primarily,

1. Agile manufacturing, which was introduced by researchers from Lehigh University in an attempt
for the USA to regain its competitive position in manufacturing. Key concepts in agile manufac-
turing are integrating customer-supplier relationships, managing change, uncertainty, complexity,
utilizing human resources, and information [23].

2. The principles of lean and just-in-time development which stem from the Toyota Production
System that originated in the 1950s. These principles aim to eliminate waste, prioritize quality,
and focus on problem-solving [46].

The main differences from [55] between the traditional methods and agile methods can be seen in
the table 3.1.

Additionally there have been studies regarding AMFs (Agile Method Fragments) [25] [26]. The
authors of [2] & [21] conducted a similar study which aimed to identify practices that can lead to

11



Table 3.1: Differences between the traditional methods and agile methods from [55]

Traditional development Agile development
Fundamental as-
sumption

Systems are fully specifiable, pre-
dictable, and are built through
meticulous and extensive planning

High-quality adaptive software is de-
veloped by small teams using the
principles of continuous design im-
provement and testing based on
rapid feedback and change

Management
Style

Command and control Leadership and collaboration

Knowledge Man-
agement

Explicit Tacit

Communication Formal Informal

Development
model

Life-cycle(waterfall, spiral or some
variation)

The evolutionary-delivery model

Desired organiza-
tional structure
(Form/Structure)

Mechanistic, aimed at large organi-
zations

Organic, aimed at small and
medium enterprises

Quality control Heavy planning and strict control.
Late, heavy testing

Continuous control of requirements,
design and solutions. Continuous
testing.

agility in software processes. [25] categorizes method fragments into two types: Process Fragments
and Product Fragments. A fragment is a component of the agile software development method. As
an example, "Pair Programming" is an AMF of XP methodology, which is a Process Fragment, while
"Sprint Backlog" is a Product Fragment of Scrum [25].However, this study was not deeply delved into
due to the inaccessibility of the agile method fragments. The authors of [2] identify a catalog of 17
agile practices after conducting a systematic review with relevant keywords. They are seen in the
table 1 in the Tables The authors of [21] identify a 18 agile practices after conducting a systematic
review with relevant keywords. However, both the studies identify mainly the same practices and the
only differences being the "Outcome review", "Learning loop", "Specification analysis" & "Progress
monitoring" practices mentioned in [21]. However, [21] does not give specific definitions to the agile
practices mentioned.

SCRUM

Scrum is an agile software development framework introduced in 1997 [63], and it is widely used in
modern times [1] [87% of the respondents say they leverage SCRUM].

It divides development into iterations of up to four weeks (commonly around 2 weeks), called
sprints, with a shippable product increment delivered to the user at the end of each sprint. In each
new sprint, developers, in collaboration with other stakeholders, select tasks during a sprint-planning
meeting [40].

Scrum includes a Product Owner to represent the customer and capture requirements in the form
of user stories. These stories are aggregated in a prioritized Product Backlog (MoSCoW, RICE etc.,),
which is a continuously updated document reflecting the current understanding of user needs. Scrum is
designed for small interdisciplinary teams of about six to nine developers who self-organize to decide on
strategies to achieve the sprint objectives. The Scrum Master coordinates the daily work and adherence
to the Scrum process. Daily stand-up meetings maintain a quick pace of work, and retrospectives after
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each sprint facilitate learning and reflection on work practices [40].

Extreme Programming (XP)

The methodology, known as Extreme Programming (XP), was initially developed by Kent Beck, Ward
Cunningham, and Ron Jeffries in 1996. Beck continued to improve the methodology and eventually
authored the book "Extreme Programming Explained" in 1999 [10]. XP is a team-oriented methodol-
ogy usually practiced in small teams with up to 20 members. All the developers in the team are jointly
responsible for product delivery, rather than just the owner or boss. It includes multiple releases in
a short time period and promotes effective communication by being located near each other, ideally
in a single room. XP also encourages customer interaction by having a representative of the customer
become an integral part of the team for effective communication [66]. [66] also highlights some of the
differences between XP and SCRUM which can be viewed in the table 3.2. The information from
[66] has some degree of difference from what is mentioned about Scrum from [40] regarding sprint
timelines, but some teams may carry out sprints of up to 2 months. It is worth noting that the Scrum
methodology appears to provide greater flexibility in the organization and execution of projects.

Table 3.2: Differences between Scrum and XP from [66]

Extreme Programming Scrum
1 The team works for 1-2 weeks The team works in iterative periods,

known as sprints. Usually 1-2 month
long sprints.

2 Has a flexible timeline Does not allow any changes in time-
line or guidelines

3 Emphasizes on Software Engineer-
ing methodologies

Emphasizes on self-organization

4 Team has to strictly follow the pre-
determined priority order

he team decided the order of the pri-
ority

5 Ready to apply without any changes Not complete, will have to fill the
framework with any other software
engineering technique

KANBAN

The coverage of Kanban in literature is lacking. [23] conducted a systematic literature review up to
2005, and identified 36 relevant empirical studies on agile methods and lean software development.
However, only one study reported on the application of lean practices in software development and
they observed that majority of the studies tended to focus on a single development method. In [23] 76%
[25 out of 33]of the studies investigated used XP. However, [7] is a study in which the authors conduct a
systematic review to provide insight into the Kanban approach and its elements (concepts, principles,
practices, techniques, and tools) that have been empirically reported by scholars and practitioners.
They define it as:

A set of concepts, principles, practices, techniques, and tools for managing the product
development process with an emphasis on the continual delivery of value to customers,
while promoting ongoing learning and continuous improvements.

However, this definition may be applied to any agile methodology and does not give any information as
to how Kanban is different from other agile methods. But they identify 20 elements of Kanban which
can be seen in the table 2 in the Tables
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3.2.2 The benefits and challenges of waterfall methods

A search query which resulted in 57 studies was executed to answer the second sub-sub-research
question. Following the steps described in the previous chapter Review Methodology, 5 studies were
selected for an in-depth examination. The aim of this query was to compare traditional software
development methodologies with agile methodologies, and to identify the advantages and disadvantages
of each approach.

Software development is a complex process that involves various stages from the the inception of an
idea to deployment. There are two main schools of thought in software development: the traditional
sequential or the “Waterfall method” and the iterative or the “Agile method” [44].

The Waterfall method, a traditional sequential software development methodology also referred to
as the "heavyweight" method, was initially introduced by Rolls Royce in 1970 [18]. It adheres to a
linear and sequential approach, where each stage of the development process is completed before moving
on to the next stage. The Waterfall approach is recognized for its inflexible structure that presupposes
the identification of all requirements upfront and requires any changes to requirements or design to be
managed through a change control process [71]. It is a structured method that follows a predefined
process, comprising well-defined phases such as requirements gathering, design, development, testing,
and deployment.

The iterative or the “Agile method” is a more flexible approach that emphasizes collaboration,
test-driven design & adaptability [71]. The Agile method is based on the principle of breaking down
development into smaller and more manageable tasks. These tasks are then prioritized and completed
in short cycles, known as sprints, with regular feedback and testing to ensure that the product meets
the customer’s requirements. The Agile method is more responsive to changing customer needs, and
as such, it allows for more frequent changes and adaptations to the development process.

According to the authors of [18], where a system dynamics model is designed to study the differences
between Waterfall methods and agile methods (specifically, Scrum and Lean Kanban), they highlight
the waterfall delay aspect as change in requirements tend to cause delays and waterfall methods assume
requirements do not change.

Waterfall vs Agile

In their work [6], the authors aim to verify the perceived benefits on using an agile approach, when
applied in the context of systems development. They suggest using an agile project management
approach in projects which involve uncertainty and constant change, where traditional techniques of
project management do not fully meet the flexibility requirements to meet the requirement changes of
the project. Accordingly, they highlight a classification chart of types of project and what methodology
to use by [17] which can be seen in the figure 1 in the Figures. [6] also highlight the main differences
between traditional and agile methods which is seen in the table 3.3.

[67] investigate and summarize the major limitations of both agile and plan-based methods through
the means of a systematic review. This can be seen in the table 3.4

[71] investigate and summarize the perceived advantages of both agile and traditional methods
through the means of an empirical survey in the context of project management. This can be seen by
their perceived amount of importance in the table 3.5

3.3 Agility of an Enterprise

This section focuses on answering the third knowledge question, "What are the best procedures to
incorporate agile principles into enterprise architecture management?" It is judged that the answer to
this KQ would be in the from of a framework or methodology to integrate agile methodologies and
enterprise architecture. In the end, the various frameworks that come up when the key words are
queried are measured against the agility aspects highlighted in [47]

The authors of [47] recognize 3 main sources of enterprise agility. They are:

1. Business Agility : Effective enterprise agility begins with the top-level management of the or-
ganization. They prioritize promptly identifying changes in the business environment, quickly
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Table 3.3: Agile vs Traditional methods (differences) from [6]

Traditional Agile
Project objectives The emphasis is on meet-

ing the stipulated deadline,
adhering to budgetary con-
straints, and achieving the de-
sired level of quality

Emphasis is on achieving mul-
tiple success criteria and vari-
ous business outcomes

Project plan A set of planned activi-
ties carried out to satisfy
the three main project con-
straints, namely time, cost,
and quality

The organizational structure
and processes put in place to
attain the intended business
outcomes and objectives

Planning Conducted at the beginning of
a project

Performed at the beginning
and held whenever necessary

Managerial approach The managerial approach
tends to be inflexible, as it is
highly focused on adhering
to the initial plan without
allowing for much deviation
or adjustment

The managerial approach
tends to be flexible, adaptable
and variable

Work/execution Predictable, measurable, lin-
ear, simple, straight-forward

Unpredictable and not mea-
surable, non-linear, complex,
looping

Organizational influence Minimun, impartial, from the
project kick-off.

Affect the project throughout
its execution

Project control Detect any discrepancies from
the initial plan and take cor-
rective actions to adhere to it

Recognize alterations in the
surrounding circumstances
and modify the plan accord-
ingly

Methodology application Application of a standardized
process for all projects with-
out considering the project-
specific requirements

Adapting the process method-
ology based on the nature and
characteristics of each project

Management style One model is utilized for all
types of projects

An adaptive approach is nec-
essary as a single model can-
not cater to all types of
projects

responding to them, and ensuring valuable delivery.

2. Process Agility : Processes must be evaluated on their focus on people, value delivery, and re-
sponsiveness to change. They must also be adaptable to changing circumstances and allow for
modifications to the development process in response to changes in goals, environment, or project
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Table 3.4: Agile vs Traditional methods (limitations) from [67]

Traditional Agile
1 Not robust enough Unsuitable for distributed de-

velopment environment
2 Project isolated environment Unsuitable for development

with many number of teams
3 Time constraints may not

align with what is possible
Is limited to software with low
criticality or not suitable for
large scale software

4 Uncertainty in setting goals More complex development
compared to traditional meth-
ods

5 Lack of customer representa-
tion

Insufficient focus on software
design

6 Testing is insufficient Lack of documentation can be
a problem

7 Lack of adaptability to chang-
ing requirements

Requires members with more
skill and ownership capabili-
ties

outcomes.

3. System Agility : Systems, including technical and organizational, easily changeable. Business
knowledge must be accessible and transparent. New architectures are necessary for describing
and implementing business knowledge using models, such as those for business processes or rules.

This study mainly focuses on the area of system agility since enterprise architecture can be most
effectively utilized here. In response to the third research question, the search query yielded 62 studies,
of which 16 were selected for further analysis after careful consideration.

Table 3.5: Agile vs Traditional methods (advantages) from [71]

Traditional Agile
1 Fixed roles and processes with

clear responsibilities
Fast recognition of changed
requirements

2 Stable, systematic and docu-
mented planning

Fast identification of errors
due to short development cy-
cles

3 Predictive capacities of team
members

Ability to react flexible and
quick to changing require-
ments

4 Measurability of project
progress via milestones

Lower risk of false develop-
ments

5 Content dependencies can be
taken into account from the
start

The continuous optimization
of the project processes

6 Reliable estimation of time
and budget

High motivation of team
through personal responsibil-
ity

7 Option to achieve high effi-
ciency by planning

No limitation in the process of
finding a solution
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3.3.1 Aspects of system agility

In [47], the authors outline 5 aspects of system agility that need to be considered when building an
agile architecture framework. Additional to the 5 aspects, 2 more aspects (model-based development
& service-oriented architecture (SOA)) were considered based on the frequency of its appearance in
relevant studies. These aspects will be the basis for evaluation of the different frameworks presented
in the literature. These aspects include:

• Making changes: Research findings suggest that organizations typically undergo major changes
approximately once every three years, while smaller changes occur on an almost continuous basis
[42] [43]. These changes may be induced by regulatory requirements, customer demand changes
or maybe because of the development of new technologies (example: advent of AI based chat bots
in recent times such as chatGPT). Agile methodologies are acknowledged as a viable approach
for organizations to respond to these stimuli. The architectural principles from [32] that apply
here are:

1. Separation of concerns - using strategies such as layering and modularity to keep changes as
local as possible. This maintains that the functionality of the broader system is minimally
affected.

2. Low coupling and high cohesion - Low number of relations between subsystems and a high
internal cohesion of each subsystem help with overall understanding of the system and
similar to what is mentioned above, keeps changes local and maintains functionality of the
broader system

3. Encapsulation - If a system has well-defined interfaces and prevents the external environment
from depending on its internal implementation, it allows for changes to be made to the
implementation without impacting the external environment.

4. Team structure - The authors of [47] also identify team structure as an aspect of system
modularity. They say that effective communication between the designers and implementers
of each system element is necessary for ensuring proper connectivity between the elements.

• Deploying changes: Before deploying a system or its components, factors such as learnability,
testability, installability and manageability should be taken into consideration. This is particularly
important in the iterative development process that agile methodologies promote. For a system
to be deployed,

1. Users must be able to learn and use the new system effectively & Test-driven design is an
important agile practice and therefore, the system must be tested before it is deployed. This
may be accomplished easily with pilot testing of a system with a small user group or so.

2. The system should be install-able relatively easily, or in a hassle-free manner.
3. The agility of a system can be negatively impacted if it requires significant management

effort.

• Dealing with the effects of changes: Agile methodologies advocate for customer/stakeholder
feedback. In cases where the changes are negatively impacting stakeholders, such as when bugs
are found, it would be helpful if the system architecture incorporated for redundancy and recovery.

• Integration: Nowadays companies are creating new systems instead of using existing ones that
have the same function. This is expensive and makes things more complex [49]. For rapid de-
ployment and use of a system, it is crucial for the system to be interoperable and compliant with
relevant standards. A system which exhibits high interoperability can connect with other systems
in a seamless manner which in-turn promotes agility in its operations. "The main reason for not
being able to reuse existing systems and applications is due to a lack of knowledge about them.
This is often caused by not working enough with architecture and not having a good overall
understanding of the IT landscape" [49]. Therefore, utilization and re-utilization (reusability) of
standardized components greatly streamlines the rapid development of new solutions by leverag-
ing existing building blocks.
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• Decoupling: As mentioned earlier, a change in a part of the system should not affect or influence
another part of the system. We could also call this low dependence. A system with low number of
dependencies is considered to be more agile than a system with a high number of dependencies.
Another advantage of decoupling is modularity. Modularity of a system may help with reuse.
Creating a component that is independent and reusable necessitates considering the potential
contexts in which the component may be utilized in the future.

• Model-based development: In [58], the author highlights the effectiveness of visually depicting
EA in a single graphical form to iteratively communicate with senior management. The authors
of [42] propose visualizing the architectural processes and deliverables as a key facilitator for
applying agile methodologies to EA frameworks and practices.

• Service-Oriented Architecture (SOA): There are multiple sources that seem to support the
idea of using a service-oriented architecture in the development of an EA [42] [33] [22] [47] [12].
First used in the context of software architecture, it has since been adopted into TOGAF as well
[33]. According to IBM, SOA is an integration architectural style and an enterprise-wide concept.
It enables existing applications to be exposed over loosely-coupled interfaces, each corresponding
to a business function, that enables applications in one part of an extended enterprise to reuse
functionality in other applications [75]. By definition, SOA seems to complement & support
integration and decoupling.

3.3.2 Current state of AEA

A significant outcome of adopting the mentioned EA frameworks based on the waterfall methodology
is their failure to cater to the agility needs of modern businesses. As a result, firms lack the ability to
adapt to change. Therefore, there is a need to address this issue. In very simple words, agile EA is
the process for managing enterprise architecture modeling and redesign efforts with principles of agile
methods [72]. However, this can be challenging because of the contradictory nature of the domains
(agile methodologies and EA). EAM frameworks usually focus on achieving a long-term vision for the
organization or a specific business case, whereas agile practices prioritize the incorporation of ongoing
project findings into the development process on the short-term. This may be one of the reasons
why there aren’t many studies (as evidenced in the literature review) in the combining agile methods
with EAM. As explained in the Aspects of system agility, AEA must incorporate principles from
agile methodologies [11], including lean thinking and iterative approaches. Additionally, to succeed
in implementing agile enterprise architecture, it is important to recognize that people are an essential
part of the system, rather than just passive users [39].

However, industry experts are not blind to the possibilities of employing an AEA in their firms/enterprises.
As evidenced by the mentioned recent McKinsey survey, firms are keen on being agile throughout their
organization, ie., organizational agility is the need of the hour [60]. Many firms are deploying agile-
at-scale frameworks such as Scaled Agile Framework® (SAFe®), Large-Scale Scrum (LeSS™) or the
Spotify® Model [9] [1]. There have been studies which show that AEA has been investigated in the
automotive industry [30] and in the software industry [62]. In light of this, several researchers have at-
tempted to develop an Agile Enterprise Architecture (AEA) framework or methodology. Allen Brown,
the former president and CEO of the Open Group supported the idea of adopting agile principles into
an enterprise architecture in order to account for changing business requirements [42]. Accordingly, the
10th edition of TOGAF (The Open Group Architecture Framework) concentrates also on supporting
organizational agility. It includes a new section about enabling enterprise agility and applying the
TOGAF-ADM using agile sprints similar to the SCRUM method [33].

The subsequent subsections will introduce and further compare the noteworthy frameworks that are
available in body of literature considered for this study with the agility aspects introduced in Aspects
of system agility. One could argue that these aspects mainly just address best practices of developing
an agile architecture and not optimal as evaluation metrics. However, it is important to note that
whatever framework developed in a study, it must be able to facilitate in the development of an EA
using the aspects mentioned.
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3.3.3 Agile Enterprise Architecture Framework (AEAF)

The first mention of an agile EA framework can be traced back to [59]. In this framework, the authors
lay out a framework for enterprise requirements using agile methods and practices. The framework
consists of 7 constructs and 11 interactions between the said constructs. This can be seen in the figure
3.3. Each construct represents a model. Furthermore, the definition of each construct can be viewed
in the table 3 and their relations are described in the table 4, both of which are available to view in
the Tables

Figure 3.3: Agile Enterprise Architecture Framework by [59]

When these constructs are seen side-to-side with the agility aspects mentioned in section Aspects
of system agility, we see that the AEAF addresses quite a few of these aspects.

1. Making Changes

• Separation of concerns - Addressed through use of various models, 5 viewpoints, 6 enter-
prise aspects and 4 classes of requirements. Although, this type of concern separation is not
typical, it can be effective.

• Low coupling and high cohesion - Not addressed or mentioned
• Encapsulation - Not addressed or mentioned
• Team Structure - Not addressed or mentioned

2. Deploying changes - Addressed in the form of a few constructs, namely Technical and Func-
tional Anticipation, Process Monitoring and continuous optimization and Business Projection,
Requirements and Supporting Technologies. However, usability is not addressed adequately.

3. Dealing with effects of changes - Redundacy is addressed in the form of the Process Monitoring
and continuous optimization, Adaptation of competencies and collaboration types constructs
& the Business Projection, Requirements and Supporting Technologies constructs. Reusability
of systems is addressed through the The Business projection, Requirements and supporting
technologies construct. It allows for reuse of existing systems and efficient resource allocation.
However, the aspect of recovery has not been adequately addressed.

4. Integration - The inter-operability of said systems is not addressed adequately.

5. Decoupling - Not addressed or mentioned. Re-use of system elements not mentioned either.

6. Model-based development - Addressed in the form of all constructs and specifically the Rudi-
mentary model to communicate with stakeholders.

7. SOA - Not addressed or mentioned
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3.3.4 TOGAF-ADM with SCRUM

SCRUM being the most popular agile method used in modern times, and TOGAF being the standard
for EA, there have been multiple sources which have tried to combine the 2 methods for the development
of an AEA [15] [35] [5]. There is also the Agile Enterprise Architecture Framework by [61], which divides
the different phases of the TOGAF-ADM into four "dimensions", namely Architecture Foundations,
Architecture Delivery, Transformation Planning and Architecture Governance. But the usage of agile
methods were only limited to the Architecture Governance dimension and not part of the delivery
or planning dimensions. Therefore, this study also did not meet the criteria for a deeper dive as I
felt the integration of agile methods and EA development was lacking. The most well designed and
comprehensively built methodology is by the authors of [35]. This is because the team structure has
been extensively modified from the common SCRUM team structure to a team structure suitable for
EA through the inclusion of architecture experts, the architecture product backlog and the impediment
backlog. In the [15] study, the authors suggest to comprise the team of people with an interdisciplinary
background which is a good idea, but do not include the more extensive backlog constructs. The article
by the open group in the TOGAF series guides [5] gives us a step by step idea of how to use TOGAF
in sprints, but does not specify it to the detail of either [15] or [35]. For the purposes of this literature
review, we take a look at the more complete TOGAF-ADM and SCRUM integration by [35].

The authors of [35], try to answer the questions of whether & how agile methods such as SCRUM
can be used to create architectural deliverables and also how enterprise architects can collaborate with
agile software development teams. For the purposes of this literature review, we are interested in the
answer to the first question. They develop an integration between the TOGAF-ADM and SCRUM
based on the design science research process. They acknowledge the significance of facilitating the
definition of long-term goals and coordinated development of the IT landscape, all the while aligning
with the business strategy and overarching goals of the enterprise.

They address the first question by developing a procedural model that is applied at the Enterprise
strategic and segment architecture level of TOGAF, allowing for the creation of Enterprise Architecture
through SCRUM projects. They emphasize the importance of collaboration between the implementa-
tion teams (called agile teams/development teams in the study) and the enterprise architects.

They argue that the integration should leverage the knowledge and expertise of the teams and
should leave as many decisions as possible to them. The teams should therefore be empowered to
define solutions on their own, which have to consider the limitations set by the current and future
IT landscape. However, this approach mentioned in the study is limited to firms where software
is built in-house. They suggest to leverage the knowledge of the development teams. The authors
consider a situation where after every project built, the project must be integrated into the overall EA.
These types of changes are important. However, in-house built applications are not the only types of
applications used in an organization or an EA. And one could argue that leaving the definition of the
solutions to the development teams may be beyond the scope of their expertise. Development teams
do not understand the business needs of an application, and whether there are alternatives to building
an application in-house. The overview of the integration can be seen in the figure 3.4.

When we compare the framework seen in the figure 3.4, we find a few relations to the agility aspects
discussed in subsection 3.3.1. They can be summarized as:

1. Making Changes

• Separation of concerns - Addressed through use of TOGAF

• Low coupling and high cohesion - Not addressed or mentioned

• Encapsulation - We can assume that systems will be designed to have interfaces as TOGAF
advocates for it [33]. Therefore, addressed.

• Team Structure - Addressed extensively in the form of Architecture development, im-
plementation teams with dedicated Product owners and Enterprise architecture experts.

2. Deploying changes - Install-ability and usability is addressed in the form of SCRUM cycles. At
the completion of a sprint, the scrum team receives feedback from customers and/or end-users
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Figure 3.4: Overview of the integration between TOGAF-ADM and SCRUM described in
[35]

through User Acceptance Testing. This feedback is used as input for the subsequent sprint in
the form of the backlog.

3. Dealing with effects of changes - Not addressed adequately because there is no mention of
the consideration for redundancy or fault tolerant design of the architecture to enhance recovery.

4. Integration - Extensive mention of integration between SCRUM and TOGAF, but no mention
interoperability of systems and re-usability of resources/systems.

5. Decoupling - Not addressed or mentioned. Re-use of system elements not mentioned either.

6. Model-based development - Addressed in the form of EA deliverables and usage of TOGAF.

7. SOA - Not addressed or mentioned
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3.3.5 SCRUM based AEA approaches

There are additionally 2 more SCRUM based AEA approaches that maybe examined from the litera-
ture. They are:

1. The Agile Enterprise Architecture Modeling Method (AgEAMM) mentioned in [49] is an AEA
modeling method rooted in the SCRUM agile method. This methodology consists of 9 activities
and 8 artifacts. However, the details of how the actual modeling takes place left a lot to be desired.
Except for the creation of BPMN and ArchiMate models in the modeling session, there are no
details of a different methodology to modeling. Similar to the other methods mentioned above,
there is use of a "EA Product Backlog" which is used to account for changing EA requirements,
the definition of an EA Committee and the task of performing a Sprint review and Retrospective
to continuously improve. Since there is not much else to discuss about the AgEAMM, it has not
been extensively discussed in this review.

2. The Adaptive Enterprise Architecture model by [20]. The authors propose moving an enterprise
from one stage to the next (called an "elementary transition") by treating each transition as a
project with the goal of closing the gap between the current state and the desired future state.
This ensures continuous progress. The authors suggest having a committee of owners made up
of an architecture owner, a business owner, and an application owner where the business and
application/IT owners each have a team that includes a scrum master and members responsible
for developing and engineering solutions. As for the artifacts, for the business and IT layers,
they are the same as in the Scrum framework, such as the “Business Backlog,” “Application/IT
Backlog,” “Sprint Backlog,” and “Burn-down chart”. However, on the architecture level, additional
artifacts are needed, such as a matrix that describes the current and desired state of the enterprise,
including its vision, mission, values, and goals, a chart of KPIs to monitor the transition from
the As-Is to the To-Be architecture sand finally a Architecture Backlog that that lists prioritized
features at the architecture level. This framework lists out more artifacts than the previous one
without any empirical evidence of their usefulness. Therefore, it has also not been extensively
discussed in this review.

3.3.6 LEAD - Lean Enterprise Architecture Development

The concept described in [39] is based on the Lean Enterprise Architecture Framework (LEAF) [19],
which provides guidance for operational development. The structure of the Lean Enterprise Architec-
ture Framework (LEAF) is presented in Figure 3.5, which comprises three main components, namely
Management, Value Delivery Chain, and Architecture Landscape. The Management component is
responsible for directing enterprise growth and driving change initiatives. The Value Delivery Chain is
the module responsible for transforming customer needs/demands into services and other development
goals. Finally, the Architecture Landscape is where the EA content resides, and all the artifacts are
generated in a just-in-time manner.

The LEAF is a framework provides a content metamodel and placeholders for typical EA elements,
and the LEAD operating model from the figure 3.7 helps implement it [39]. The LEAD approach
from the figure 3.6, a customer-centric view of the enterprise, integrates the organization’s capabilities
around the value stream model, instead of function- or process-based approaches. At the heart of the
LEAD approach is developing value-adding services within the existing organizational environment
and getting feedback from users. The authors claim that compared to traditional EA development
approaches, which are time-consuming and resource-intensive, LEAD is lightweight and agile. The
LEAD approach continuously produces and delivers EA content to the Architecture Landscape, while
portfolios and road-maps can be adjusted according to changing conditions on an ongoing basis [39].
In the LEAD approach, there is no need to maintain separate as-is and to-be architectures, which saves
time and increases efficiency in architecture modeling. However, if necessary, only certain development
targets can be visualized in separate as-is and to-be views. The authors emphasize the importance of
using a visualization tool to manage the Architecture Landscape, including all the EA content like the
organization’s services, processes, and applications. They claim that the LEAD approach enables faster
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Figure 3.5: The Lean Enterprise Architecture Framework

Figure 3.6: The LEAD Approach

development cycles, shorter time-to-market, better reactivity, and higher productivity compared to
traditional approaches. But, the empirical validation of this notion has not been sufficiently established
across a wide range of cases.

According to the LEAD framework, a cross-functional team consisting of specialists from customer
relationship management, operational development, and enterprise architecture management is formed
to manage customer demands during the design phase. This team employs agile methods and tools
to identify the optimal solution for the customer. The subsequent development phase is overseen by
the project management office (PMO) to ensure that everything is on schedule. In this phase, services
or business activities are designed if required. After the development phase, the service management
office (SMO) takes over in the operations phase, responsible for managing the project’s production
capabilities and ensuring smooth functioning. LEAD further supports portfolio management, which
encompasses monitoring various concepts, development, IT services, and applications within the LEAF
framework. The key objective is to maintain a streamlined and adaptable methodology that can
be modified as per the requirement. To achieve this, a Lean Manager is appointed to supervise
the entire value chain continuously, striving to enhance operational processes. Within the LEAD
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Figure 3.7: The LEAD operating model at high-level

framework, architects are responsible for actively participating in the development procedures and
providing support whenever necessary.

When comparing LEAD to agility aspects, several relationships can be identified:

1. Making Changes

• Separation of concerns - Addressed through use of LEAF in the form of Management,
value delivery chain and the Architecture Landscape which is further separated by domains
(similar to ArchiMate viewpoints)

• Low coupling and high cohesion - Not addressed or mentioned

• Encapsulation - Not addressed or mentioned. The term "solution vision" is mentioned
which refers to a plan or design for one or more software applications that is created in
response to current business requirements. This plan involves breaking down the business
initiative into smaller, logical components or modules, and identifying their capabilities and
how they interact with each other. In other words, it is a way of visualizing how the software
application will work to meet the needs of the business. This approach helps to ensure that
the software development process is aligned with the goals of the business and that the final
product will be effective in addressing the identified business requirements.

• Team Structure - Addressed adequately with the use of the "Lean Manager", "Demand
Management Team" and the assigning of responsibilities to the PMO and SMO

2. Deploying changes - Addressed in the form of SCRUM/KANBAN cycles and demand backlogs.

3. Dealing with effects of changes - Not addressed adequately because there is no mention of
the consideration for redundancy or fault tolerant design of the architecture to enhance recovery.

4. Integration - Not addressed. Some may assume that through the mention of value-adding
services, the authors claim to argue for the inter-operability of systems. However there is no
explicit mention of inter-operability. Therefore, I consider it to not be a factor in the LEAD.

5. Decoupling - Addressed through the use of small modular architecture increments which specify
the scope of the changes and through the reuse of resources.

6. Model-based development - Addressed. The authors suggest using a visualization tool and
confirm that LEAD can be used with the ArchiMate language and any Domain Driven Design
modeling language.

7. SOA - Not addressed or mentioned
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3.3.7 AEA with SAFe

In [74], the authors investigate how effective governance of Agile methods and EA can transpire in an
organization and later propose a conceptual model that incorporates factors that take EA into account
in the governance of agile scaling frameworks. Gartner defines governance as the processes that ensure
the effective and efficient use of IT in enabling an organization to achieve its goals. This also includes
the assignment of roles and responsibilities [28]. This study may not provide us with a framework for
AEA, but can be considered as a valuable source of information about EA in agile scaling frameworks
for the digital transformation of an enterprise.

According to their argument, agile scaling frameworks (ASFs) offer benefits such as streamlined
prioritization of business requirements, improved management of dependencies, frequent deliveries, and
increased employee satisfaction, motivation, and engagement. However, they also highlight common
challenges such as cross-team coordination, resistance to change and existing power structures, lack of
management buy-in, and the need to maintain an agile mindset.

The authors compare three ASFs, namely, SAFe (Scaled Agile Framework), LeSS (Large-Scale
Scrum) & the Spotify model. They mainly conclude that there is no straight forward and widely
accepted best practice or framework for scaling agile. In their research, all the 3 companies examined
started out with using one of the scaling frameworks mentioned, but in the end used a combination of
the 3. But they do point out that out of the 3, SAFe incorporates some EA coordination mechanisms.
This implies that none of these frameworks are adequately equipped for a seamless transition from
existing enterprise architecture practices to a successful combination of Agile EA at an enterprise-
wide scale, necessitating the need for customized solutions. They emphasize that regardless of the
methodology chosen, the Agile teams, comprising the Product Owner, Scrum Master, and Agile Coach,
must be integrated into the Agile EA governance structure, which encompasses traditional management
roles, architecture roles, and supportive EA processes.

There has been a lot of criticism directed towards scaling frameworks for agile, particularly towards
SAFe [31] [70]. Concurrently, SAFe is also the currently most widely adopted agile framework [1] and
many organizations see its benefits [65]. Therefore, it is important to consider if scaling agile is even
necessary for the context of the study. The research question at hand pertains to whether a method-
ology/framework exists for constructing an enterprise architecture in an agile fashion. This inquiry
may bear relevance to the establishment of an agile enterprise, yet it differs from the construction of
an enterprise architecture which is agile (AEA). It is important to note here that building an EA in
an agile manner does not necessarily equate to the agility of an organization, but it is an important
step in getting to overall organizational agility.

Figure 3.8: Conceptual model of factors that take EA into account in the governance of ASFs
described in [74]

The authors’ conclusion is noteworthy: they suggest that organizations should incorporate certain
characteristics of traditional waterfall-oriented approaches into their EA strategy and use them in
conjunction with their chosen agile approach. They say that too much team autonomy and too little
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directions setting by management can be detrimental to the effectiveness of the combination of ASFs
and EA.

The study also proposes a conceptual model which can be seen in figure 3.8. The constructs in the
figure are explained in the table 5 which can be seen in the Tables.

When comparing the constructs presented alongside the agility aspects outlined in section Aspects
of system agility, it becomes clear that they are fundamentally different in nature. While agility aspects
serve as a framework for constructing an agile architecture, the conceptual model proposed by [74]
provides an outline of the factors that need to be considered when implementing enterprise architecture
within the governance of an ASF. Thus, attempting to draw a comparison between these two approaches
would be inappropriate. As highlighted above, this study may not offer a comprehensive framework for
Agile Enterprise Architecture; however, it presents a significant contribution as a source of information
concerning Enterprise Architecture within the context of agile scaling frameworks utilized for the digital
transformation of an organization.

3.3.8 The AEA foundational framework

In their work [42], the authors present a framework for Agile Enterprise Architecture (AEA), which
includes identification of motivators, enablers, and blockers. Additionally, they propose a Key Per-
formance Indicator (KPI) called the Enterprise Architecture Agility Index (EAAI) for evaluating the
degree of enterprise agility. Moreover, the authors translate the principles of the Agile Manifesto into
the context of Enterprise Architecture.

The authors argue that investigating AEA requires an examination of the foundational constructs
that form the basis for the relationship between agile methodologies and enterprise architecture. These
constructs are categorized into motivators, enablers, and blockers, and are presented in the framework
shown in Figure 3.9.

Figure 3.9: Foundational Agile Enterprise Architecture framework by [42]

The "Motivators" can simply be defined as the major reasons to develop an AEA. The current EA
practices that supply and align with agile conceptual instruments and tools are referred to as "En-
ablers". The various forces/obstacles/challenges that may affect the process of agility of an enterprise
architecture are defined as "Blockers".

The corresponding framework can be seen in Figure 3.9. Upon comparison of the constructs in the
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framework proposed in [42] and the agility aspects discussed in Subsection 3.3.1, some relations can
be observed:

1. Making Changes

• Separation of concerns - Not addressed

• Low coupling and high cohesion - Not addressed or mentioned

• Encapsulation - Not addressed or mentioned.
• Team Structure - Not addressed adequately. Only self-organizing teams mentioned.

Roles and responsibilities not mentioned

2. Deploying changes - Not addressed adequately. Only frequent and simple deliveries men-
tioned. However, no mention of test-driven design or resuability.

3. Dealing with effects of changes - Not addressed adequately

4. Integration - Addressed through the use of SOA

5. Decoupling -Not addressed or mentioned. Re-use of system elements not mentioned either.

6. Model-based development - Addressed through the visualization enabler

7. SOA - Addressed

In addition, as per the definition given by ISO/IEC in [41], an architecture description framework
refers to a set of conventions, principles, and practices for the description of architectures within a
specific domain of application or community of stakeholders. By this definition, the "framework"
presented in [42] falls short in not specifying any conventions, practices, or implementation methods.
However, it effectively concentrates on the principles that may be applicable to AEA. Therefore, the
concepts proposed in this study can serve as a foundation for developing an AEA methodology that
would complement the "framework".

3.4 Enterprise Architecture and Digital Transformation

39 studies resulted from the execution of the search query to answer the fourth research question. After
further analysis, 5 studies were selected for a deep dive. The motivation to frame the fourth research
question is to verify whether and how EA can help in the digital transformation of an organization.

Nowadays, businesses encounter significant changes more frequently, and research suggests that or-
ganizations typically implement significant changes once every three years, while minor changes occur
almost continuously [43]. Companies are confronted with the task of adapting to changes in business
processes and IT infrastructures, driven by globalization, technological advancements, and organiza-
tional growth. Consequently, there is a growing need for them to contemplate and pursue significant
changes or transformations to sustain or attain a competitive edge [8]. Moreover, significant improve-
ments in technologies such as cloud computing, generative AI, big data technology and processes have
given rise to a "digital IT economy," which presents both business opportunities and risks. As a result,
organizations are compelled to innovate or confront the consequences [48].

As a solution, Enterprise architecture management has been proposed as a method to steer the
development of the enterprise as a whole and the development of its IT portfolio in particular. [68].
By providing a model-based depiction of an organization’s business processes, IT systems, and organi-
zational structure, enterprise architecture frameworks aim to enhance the alignment between business
and its supporting IT systems. Popular frameworks, such as TOGAF and Zachmann, offer a struc-
tured approach to enterprise modeling. Nonetheless, some EA frameworks, such as The Open Group
Architecture Framework (TOGAF), have been criticized for their cumbersome size, lack of flexibility,
and intricate nature [48]. "EA encompasses all enterprise artifacts, such as business, the organization,
applications, data, and infrastructure, which are necessary to establish current architecture visibility
and future architecture to produce a road-map" [48].

27



3.4.1 Enterprise Architecture Management

Enterprise Architecture Management (EAM) involves the capture, modeling, analysis, and definition
of the present, plateau(transition) and future architectures, along with the development of a road-map
that leads from the current state to the desired end state [34]. The purpose of Enterprise Architecture is
to optimize across the enterprise the often fragmented legacy of processes (both manual and automated)
into an integrated environment that is responsive to change and supportive of the delivery of the
business strategy. [33]

Types of EA development methodologies

EA methods use many artifacts to represent the information assets of one organization. They are
holistic and can be represented from different perspectives or layers, with different (although similar)
nomenclatures, which range from the strategy level to the infrastructure one [3].The most commonly
used EA frameworks can be classified based on two categories [42]:

• Grid filling: These methodologies employ a visual grid that enterprise architects must fill in
similar to a Sudoku. Each cell of the grid corresponds to a question about the business, and
answering it requires collecting the necessary information from the corresponding stakeholders
and articulating a response. (example: Zachmann framework)

• Structural process: These methodologies involve structured phases and steps that enterprise
architects must follow to produce deliverables upon completion of each step. (example: TOGAF-
ADM)

The grid filling frameworks tend to be more classification type schemes rather than a methodology
to develop an enterprise architecture [43]. They tend to give a good overview of the current scenario
of an enterprise but tend to fall-short when looking at future scenarios. The process methodologies
that provide a structure for developing and delivering enterprise architecture deliverables are predomi-
nantly designed using the waterfall development style. Consequently, they are susceptible to the same
problems, challenges, and issues associated with waterfall management.

3.4.2 Traditional EA

The usual approach adopted by companies to meet the demand for enterprise architecture conversion
is the traditional "big-bang approach" [8]. However, this big-bang approach of enterprise architecture
development may not be the best method considering that modern businesses need to be able recon-
figure strategy, structure, processes, people, and technology on the fly and when necessary. To address
these issues, a big-bang approach may not be suitable because they encounter several challenges, such
as delayed return on investment and the slow recognition of the discipline by the relevant stakeholders
[37].

The most popular EA frameworks today (TOGAF) recommend a linear step wise development
process for EAM [68]. These approaches bear resemblance to the waterfall style development process
that was seen in the software development field. Both methods utilize sequential processes, involve
distinct roles in different development phases, rely on detailed front-end plans and documentation,
and operate with well-defined guidelines and milestones throughout the project’s (in this case an
architecture’s) development. As highlighted in "The benefits and challenges of waterfall methods"
section, the waterfall methodology comes with its own set of problems which are also observed in the
traditional methods of EA development.

3.4.3 Digital transformation

As mentioned before, digital transformation (DT) has many different definitions. According to a
briefing provided by the European Commission, digital transformation encompasses the incorpora-
tion of digital technologies into European enterprises and the consequential effects on society from
emerging technologies like the Internet of Things (IoT), cloud computing, innovative digital platforms,
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and blockchain technologies. It is progressively recognized as a critical prerequisite for the success of
modern economies and holds the potential to profoundly impact various sectors of the economy, in-
cluding transportation, energy, agri-food, telecommunications, financial services, manufacturing, and
healthcare, thereby transforming the lives of individuals. [54].

[50] provides a definition for digital transformation in the public sector after interviewing several
experts in the field;

Digital transformation is a holistic effort to revise core processes and services of government
beyond the traditional digitization efforts. It evolves along a continuum of transition from
analog to digital to a full stack review of policies, current processes, and user needs and
results in a complete revision of the existing and the creation of new digital services. The
outcome of digital transformation efforts focuses among others on the satisfaction of user
needs, new forms of service delivery, and the expansion of the user base.

3.4.4 EA as an enabler for digital transformation

[4] present an EA framework specifically catered to the digital transformation of a smart city. They
suggest that EA frameworks are logical structures in consistent expressed language for organizing
and classifying complex information and data sources. Hence, an EA framework can be referred to as
conventional practices and principles for the description of architectures established within a particular
domain. The authors suggest that within the context of smart cities, EA can facilitate improved
communication and information sharing among stakeholders, including enterprises, municipalities, and
citizens, thus enhancing the delivery of digital services. They conclude that Enterprise architecture can
be employed to support the transformation of smart cities to establish the current and the anticipated
state of the city.

[53] proposes an EA framework to drive the digital transformation of primary health services in
India. The authors point out that various national healthcare schemes replicate citizen healthcare data
in silos which creates data redundancies. This in-turn places more burden on the healthcare workers to
collect the right and complete information of a patient to deliver the whole picture of a patients health
history. The authors summarize the issues faced by the healthcare industry in India by outlining that
the lack of standardization and fragmentation of health technology solutions which results in duplicative
and inefficient processes that are unsustainable due to high costs associated with maintaining necessary
levels of agility, capacity, and security at scale. As a solution, the authors propose the implementation
of an enterprise architecture framework that can effectively address these challenges and present a
well-structured digital health infrastructure capable of providing comprehensive primary healthcare to
Indian citizens in an efficient and effective manner.

In [78], the authors examine the intellectual structure of digital transformation research. As a
part of this research, they identify 7 research themes of DT research one of which is digital enterprise
architecture and agile digital transformation. In conclusion, the authors suggest that a well-designed
enterprise architecture (EA) plan can facilitate, regulate, and supervise the changes involved in enter-
prise transformation.

The authors of [61] confirm that EA is viewed as a promising approach to achieve more effective
change management, sustainable planning, efficient IT operations, improved return on investment,
and faster, simpler, and cheaper procurement for digital transformation. They even propose an Agile
Enterprise Architecture Framework to guide organizations to develop a successful digital transformation
strategy.

3.5 Summary

This literature review serves as an investigation for developing a methodology for an agile enterprise
architecture to support an organization’s digital transformation. The literature review was undertaken
to answer the research question:

What agile practices benefit enterprise architecture management in the digital transforma-
tion of an enterprise?
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The research question mentioned above was further was divided into the following sub-sub-research
questions:

1. Which agile methodologies are mentioned in state of the art literature?

2. What are the benefits of agile methodologies over traditional waterfall style methods?

3. What are best procedures to incorporate agile principles into enterprise architecture management?

4. Which techniques/methodologies and practices of enterprise architecture management support the
digital transformation of an enterprise?

Therefore, the research comprises four main areas of interest:

1. The fundamental principles of agile methodologies, including a study of different popular agile
development methods.

2. The advantages of agile methods over traditional development methods.

3. The compatibility, necessity, and feasibility of the converging EA with agile methods.

4. The potential of EA to support the digital transformation of an enterprise.

Four research questions were formulated based on these areas of interest, which are explained in
the section Review Methodology according to the methodology outlined in [45]. Popular methods
such as SCRUM, extreme programming, and KANBAN were studied in detail to answer the first
research question. The second research question was straightforward, as most of the literature confirms
the advantages of agile methods over traditional methods, and is better outlined in the Literature
review findings chapter. The literature on the third research question presents a few frameworks and
conceptual models, which are then compared to the aspects of agility outlined in [47]. The comparison
of these frameworks and conceptual models with the aspects of agility is presented in Table 3.6. Finally,
the studies analyzed to answer the fourth research question confirm that enterprise architecture can
be a driving force behind the digital transformation of an enterprise.

3.5.1 Agile Methods

It is observed that agile methodologies arose in the domain of software development to mainly address
the concern of changing requirements and introducing flexibility in software project development.
SCRUM, Extreme programming and Kanban seem to be the most popular agile development frame-
works and methodologies used in the industry currently. In all 3 of them development is divided into
iterative releases which slowly add functionality as and when required. This perfectly addresses the
need for flexibility in software development. However, we also see that XP may not be suitable for
distributed development. All of the methods utilize an artifact to represent requirements (KANBAN
board, Sprint backlog, XP has customer representation but no physical artifact for this). In the end,
all 3 of them promote agility, but SCRUM seems to be the most popular methodology.

3.5.2 Waterfall and Agile

When comparing the waterfall and agile methods, it is evident that both approaches offer their own
set of advantages and drawbacks. These methodologies have their respective roles and significance
within the realm of software development. The benefits associated with both agile and waterfall
methods are outlined in Table 3.5, while their limitations are presented in Table 3.4. It is worth noting
that agile development may not be considered suitable for large-scale, highly critical projects.
However, it is essential to acknowledge that this observation could be influenced by other factors, such
as organizations relying on waterfall-based business processes or limited familiarity with agile methods
throughout the organization.
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3.5.3 Agile Enterprise Architecture

Across various studies, numerous commonalities can be observed in the approaches to Agile Enterprise
Architecture (AEA). Firstly, in the development of an AEA, the use of model-based visualization for
developing EA deliverables is confirmed in all the frameworks mentioned in 3.6. Second, the concept of a
"Backlog" is frequently employed to document requirements for the upcoming architecture deliverable
which is also the case with the popular agile methods such as SCRUM and Kanban. This approach also
represents the input of necessary stakeholders and will be an essential construct in the development of
a methodology for an AEA. Third, the studies do not adequately address the concepts of redundancy
and recovery of systems, which is a significant shortcoming in the current body of work in the agile
enterprise architecture domain. Fourth, there is limited consideration given to the concept of "Inter-
operability". The incorporation of an SOA design may help alleviate this issue.

The table 3.6 summarizes the frameworks/conceptual models by specific agility aspects.

Table 3.6: Comparison of different AEA frameworks with Agility aspects

Agility Aspects [59] [35] [39] [42]

Making Changes ✥ ✥ ✥ ✗

Separation of concerns ✓ ✓ ✓ ✗

Low coupling and high cohesion ✗ ✗ ✗ ✗

Encapsulation ✗ ✓ ✗ ✗

Team Structure ✗ ✓ ✓ ✗

Deploying Changes ✥ ✓ ✓ ✗

Install-ability ✓ ✓ ✓ ✗

Usability ✗ ✓ ✓ ✗

Dealing with effects of changes ✥ ✗ ✗ ✗

Redundancy ✓ ✗ ✗ ✗

Recovery ✗ ✗ ✗ ✗

Integration ✗ ✗ ✗ ✓

Decoupling ✗ ✗ ✓ ✗

Model-based development ✓ ✓ ✓ ✓

SOA ✗ ✗ ✗ ✓

Legend: ✓- Addressed ; ✗- Not addressed ; ✥- Partially addressed

3.5.4 Enterprise Architecture and Digital Transformation

Digital transformation (DT) has emerged as a strategic approach for enterprises to effectively respond
to external pressures and navigate the challenges posed by competitive and unpredictable environ-
ments. In this context, entrepreneurs recognize the significance of DT as a catalyst for change within
their organizations. According to the "2019 Digital Transformation Market Trends Report", majority
of respondents consider DT to be indispensable for the survival of their organizations and many have
prioritized DT as their topmost concern, emphasizing its criticality in achieving organizational objec-
tives and staying competitive in today’s rapidly evolving landscape. As can be seen from the 3.4.4,
enterprise architecture (EA) has been validated as an effective tool for facilitating the successful DT of
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a firm. This suggests that AEA maybe able to further enhance the DT of an enterprise. Furthermore,
this allows us to further investigate the idea of Continuous Improvement where the focus is on the
establishment of an ever-improving culture at a firm.

3.5.5 Agile practices that benefit Enterprise Architecture

When trying to answer the question which agile practices should be used for the development of an
agile enterprise architecture methodology, it can be observed that not all agile practices should be
adopted in the development of an Enterprise Architecture.

Firstly, The idea of having no documentation in an EA is not realistic, but what is realistic is that
the documentation should be "just-enough". This means that the documentation of EA elements or
constructs should give required information at a glance and no more than that.

Secondly, it is observed from the table 3.4 that agile methods were unsuitable for the development
of large-scale software with many dependencies. This may also apply to the domain of enterprise
architecture since in many cases, the design of the dependencies is related to large-scale organization
spanning software solutions such as ERP softwares. However, it can be argued that agile methods are
suitable for the design of these solutions, just not the development and implementation of them.

Third, from table 3.4, it is observed that following an agile approach requires members to be highly
skillful and with excellent ownership capabilities. This must be addressed in the design of the IT
artifact, AEA-DM.

Fourth, To answer the main research question, practices such as incremental development, collabo-
ration, customer/stakeholder representation in the form backlogs or a representative (XP), continuous
optimization and test-driven design are all considered beneficial for the domain of enterprise architec-
ture. Additionally, it is decided that the agility aspects must be considered as a testing criteria for an
enterprise architecture in the development of the methodology.
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Chapter 4

Methodology Design

This chapter is devoted to addressing the second sub-research question, namely, "How can the design
or engineering of an enterprise architecture be made agile?" The primary objective, therefore, is to
propose a solution that enables the adoption of an agile approach to enterprise architecture. By ex-
amining the structure of the question, it becomes evident that this is a design problem, making it
a design-oriented inquiry. Consequently, a solution needs to be meticulously designed. As discussed
in the chapter "Research Design," the methodology serves as the main output of this research. It
represents the IT artifact employed to tackle the aforementioned problem. The design of the method-
ology is predominantly influenced by the literature study conducted to answer the first sub-research
question. This methodology is further divided into two distinct sections. The first section provides a
comprehensive overview of the prerequisites that an enterprise or organization must fulfill to effectively
leverage the methodology. The second section delves into the methodology itself, elaborating on its
key components and processes in detail.

4.1 Pre-requisites

A high-level overview of the required pre-requisites have been identified during the literature review
and can be viewed at one glance in the figure 4.1

Figure 4.1: Pre-requisites of the AEA-DM

It is obvious that not all organizations are the same and some organizations are ahead of others
in terms of being able to adopt the AEA-DM. But there is no way to quantify how ahead these
organizations are. As such, it was decided to define a set of criteria to deduce if organizations are
ready or not to be able to adopt the AEA-DM. It can be seen as a check-list of sorts. Of-course, just
because an organization satisfies these criteria does not mean that the adoption of the methodology
will definitely go well. That depends on many other factors and is considered as not within the scope
of the thesis. These are just objective criteria.
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4.1.1 Single source of truth representation

In their study [74], the authors emphasize that the primary aim of Enterprise Architecture is to offer
comprehensive holistic perspectives and standards, and guiding the cohesive design and implementa-
tion process. This is achieved by facilitating technology decision-making and setting the direction for
business and IT stakeholders. [47] mentions that EA provides a comprehensive understanding of the
enterprise by considering the inter-dependencies between different aspects of the business-IT domains
and by shedding light on these dependencies, EA enables informed management decisions by clarifying
the potential impacts and implications. A single source of truth philosophy dictates that an orga-
nization must create a single aggregated repository of company data at one source at a component
level. This allows anyone in the company to freely access trustworthy data at a component level as
it essentially eliminates duplicate data. However, this is not the pre-requisite for an AEA-DM, the
pre-requisite for the methodology is when the philosophy is applied to the level of an enterprise archi-
tecture. This basically boils down to describing your data all the way from its business services to the
application services to the technology services. Experts in the domain will immediately recognize this
as having an enterprise architecture "As-Is" state.

Without this representation of how your business is served by its IT, there is no way that enter-
prise architecture can represent a transformed state of your business. According to [47], classical agile
development discourages big upfront design (BDUF) due to the inherent uncertainty involved. How-
ever, it is advisable to proactively design the elements of your organizational and technical landscape
that serve as a stable foundation for enterprise agility. This implies that having a well-defined as-is
landscape, which accurately captures the alignment between the organizational business and IT, can
serve as a solid groundwork for successful transformation. In simple terms, without an "As-Is" land-
scape, there is no "To-Be" landscape. This "As-Is" landscape must not only be good representation
of your organization’s business services or business capabilities, applications, and technology but also
the dependencies between different applications and technologies.

4.1.2 Assigned Ownerships

As seen from the results of the literature review, adopting an agile approach requires advanced owner-
ship capabilities. According to [67], it is observed that team members of an agile team are required to
be both skillfull and have ownership capabilities. According to [20], it is recommended to establish a
committee of owners consisting of an architecture owner, a business owner, and an application owner,
with each owner fulfilling specific responsibilities. The business owner is responsible for overseeing all
business processes within the enterprise and ensuring their proper implementation on a daily basis.
On the other hand, the application owner is tasked with defining and maintaining the metrics related
to the applications and IT systems in use.

In the context of a digital transformation initiative, it is crucial to ensure that enterprise architects
have access to pertinent information about specific business functions, applications, and technology
elements. However, obtaining such information can be challenging as architects may not know whom
to approach for the required details. This underscores the importance of documenting ownerships
for all business, application, and technology elements as part of the "As-Is" landscape. By describing
ownerships, enterprise architects can readily identify the relevant stakeholders and efficiently gather the
necessary information, thereby facilitating the successful execution of digital transformation initiatives.

4.1.3 High-level strategic objectives

The effective implementation of business transformation, which poses a significant challenge in man-
aging the complexity of existing business processes and integrating Information Technology (IT) at a
large scale to meet the diverse requirements of all stakeholders within the organization, relies heavily
on the crucial role played by corporate management in developing a clear mission, vision, and strategy.
Having high-level strategic objectives is crucial for organizations in achieving their goals and aligning
their business structure with digital technology. Enterprise Architecture plays a significant role in
this process by ensuring that the objectives and needs of the organization are aligned with a common
direction. By creating a blueprint of corporate architecture, organizations can effectively plan and
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accommodate modifications to adapt to digital transitions and prepare for flexibility. This alignment
between strategic objectives and architecture enables organizations to navigate the complexities of dig-
ital transformation and optimize their operations accordingly [61]. The integration of agile methods
and EA should enable the definition of long-term goals for and the concerted development of the IT
landscape, while keeping an eye on the business strategy and the overall goals of the enterprise [35].
The agile enterprise architecture framework by [59] has 4 levels of concern. Strategy and implemen-
tation constraints at the top, which describes the objectives and their priorities. This being at the
top is a good indicator that having high level objectives to strive towards is important. Attaining
flexibility within an enterprise architecture requires deliberate consideration and entails addressing a
variety of concerns from many disciplines. It is imperative to explicitly determine the areas where
agility is desired, while also identifying aspects that can be standardized or permanently established.
This decision-making process is guided by a well-defined set of business objectives and drivers [47].

In the absence of high-level strategic objectives, all initiatives within an organization may lack
direction and fail to contribute to the overall improvement of the enterprise. While agile methods
emphasize adapting to changing requirements, it is crucial to have well-defined high-level goals in
place. Implementing agile practices within an enterprise does not imply the abandonment of goal-
setting. On the contrary, having clearly articulated objectives remains essential to guide and align
agile initiatives effectively.

4.1.4 Stakeholder Management

The engagement of employees and the communication of company-wide goals are essential for successful
agile scaling frameworks. Challenges in this regard include cross-team coordination, resistance to
change, existing power structures, lack of management buy-in, and maintaining an agile mindset [74].
The significance of adequately equipping and preparing all stakeholders, including top executives and
end users, in terms of skills, is underscored in [8]. The aim is to ensure that these stakeholders are
well-prepared to fully utilize the advantages offered by new solutions.

Hence, it is imperative within an academic context to actively involve and provide comprehensive
explanations to all stakeholders engaged in a digital transformation endeavor regarding the objectives
of the initiative and how it aligns with the company’s overarching goals. Additionally, gaining C-level
and management support is crucial in overcoming challenges that may arise during the adoption of
such initiatives.

4.2 Methodology

This section primarily focuses on the development of the Agile Enterprise Architecture - Development
Method. The entire methodology can be viewed in the figure 4.2

4.2.1 Design choices

A method refers to a specific procedure or approach employed to accomplish a particular objective, often
characterized by its systematic and established nature. Hence, to effectively depict the methodology, a
process flow diagram was selected as the suitable tool. The utilization of a process flow diagram ensures
a clear and structured representation of the methodology, facilitating a thorough understanding of the
steps involved and their logical sequence. This visual depiction aids in conveying the methodological
approach in a coherent and satisfactory manner, enabling readers to grasp the overall framework and
flow of the process.

The incorporation of icons in the diagram serves to indicate different artifacts generated throughout
the methodology. The presence of white boxes containing text within the diagram illustrates various
processes, while the arrows denote the chronological occurrence of these processes. Additionally, the
utilization of the stakeholder icon in the methodology diagram signifies the diverse roles required for
successful implementation of the methodology.

35



18

Demand owner

Testers
(Architecture Function Tester,

Architecture QA tester) 

Architects
(EA, Business, Cloud, Software etc.,)

Demand change 
backlog

Assess demands

Ability Feasibility
Current Architecture

Architecture Increment

Architecture 
Change backlog

Architecture 
Change Analysis

Classify Prioritize

Intentional Emergent

Map dependencies

Plan increments

Enabler Feature

Set sprint 
goal

Sprint Planning

Engineer/Design EA Increment

Business Service Application Technology Alignment

Agile testing

Design test Evaluation Manage Defects Deployment

Retrospective and 
review

Gather new demands, 
feedback from changes and 

defect management

Architecture design sprint

Spillover backlog

Validation before 
implementation

Figure 4.2: The Agile Enterprise Architecture - Development Method (AEA-DM)
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4.2.2 Team Roles

The team roles will first be discussed before the methodology is explained in detail. This is to ensure
better explanation. The various team roles employed in the methodology are:

Demand owner

Architects
(EA, Business, Cloud, Software etc.,)

Testers
(Architecture Function Tester,

Architecture QA tester) 

Figure 4.3: Team roles of the AEA-DM

1. Demand Owner - Responsible for the demand backlog and the processes associated with it,
namely assessing the demands.

2. Architects - The design and engineering of an EA increment, the Architecture change analysis
and the sprint goal setting are the responsibility of the architects. It is recommended to have an
Enterprise Architect, Business Architect and a Solution Architect as the people working together
on this. However, depending on the situation, other architect roles might be necessary such as a
Cloud Architect and maybe a representative from the provider of a cloud solution

3. Architecture function tester & Architecture quality assurance tester - Both of these roles are
responsible for the agile testing block in the sprint

4.2.3 Methodology Workflow

Demand Collection

As previously mentioned, the initial phase of the methodology commences with an existing "As-Is"
Landscape and the "Demand Change Backlog." The demand change backlog essentially comprises a
compilation of all the demands expressed by stakeholders pertaining to the enterprise architecture
function within an organization. In order for this backlog to effectively serve its purpose, certain
requirements must be met, including its wide awareness and transparency throughout the organization.

Therefore, prior to implementing this methodology, it is imperative to educate stakeholders about
the process through which they can submit their demands to the demand change backlog. It is worth
noting that the specifics of this pipeline are tailored to each organization and are not extensively
discussed within the methodology.

Demand Assessment

Once the demands are registered in the demand change backlog, they need to undergo an assessment
process to determine their technological changeability and feasibility. This underlines the significance
of the "Demand Owner" role, which necessitates possessing specialized knowledge regarding the orga-
nization’s technological capabilities, as well as financial acumen to gauge the demands’ feasibility in
light of the organization’s financial situation. Moreover, the Demand Owner must have a comprehen-
sive overview of the landscape to ascertain whether a demand calls for a new solution or if an existing
solution within the enterprise can suffice. For instance, let’s consider an example where Employee A
from the HR department submits a demand for a new application to enhance a specific HR function.
Unbeknownst to Employee A, the requested application is already available to employees in a different
department within the same company. In such a scenario, the demand remains valid; however, fulfilling
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the demand may not require an entire sprint but could be accomplished within a few hours, depending
on the company’s specific procedures. Therefore, the assessment process carried out by the Demand
Owner plays a crucial role in determining the appropriate course of action for each demand, taking
into account existing solutions, potential implementation efforts, and overall organizational efficiency.

The output of this assessment process leads to the "Architecture Change Backlog". The Ar-
chitecture change backlog (ACB) is simply the list of demands that have been accepted for further
development after the assessment process. These demands serve as the input for the Architecture
Development/Design Sprint.

A zoomed in view of the demand assessment process can be viewed in the figure 4.4

Demand owner

Demand change 
backlog

Assess demands

Ability Feasibility
Current Architecture Architecture 

Change backlog

Sprint Planning

Figure 4.4: Demand Assessment

Architecture Change Analysis

A zoomed in view of the Architecture Change analysis and the total sprint planning process can be
viewed in the figure 4.5

The first process in the sprint is the Architecture Change Analysis where the demands are first
prioritized and then classified into intentional and emergent changes. The prioritization of the demands
is a critical step in order to realize the order in which demands will be fulfilled. For the prioritization,
any methodology such as MoSCoW or BRICE or the 4 quadrant of time management or etc., may
be used. The classification of steps into intentional and emergent changes is adapted from the Scaled
Agile Framework’s (SAFe) Architectural Runway.

As per the principles outlined by SAFe (Scaled Agile Framework), intentional design involves the
deliberate establishment of architectural strategies and initiatives aimed at improving solution design,
performance, and usability. These intentional design elements serve as guiding principles for cross-team
collaboration in designing and implementing synchronized solutions. On the other hand, emergent
design approach enables a fully evolutionary and incremental implementation methodology, wherein
developers and designers can promptly address immediate user requirements. This approach allows the
system’s structure to evolve organically throughout the development and deployment process, ensuring
a more responsive and adaptable solution.

As mentioned in the literature review, in the present day, businesses are confronted with frequent
and substantial changes, as evidenced by research indicating that organizations tend to undergo major
changes approximately once every three years, alongside the occurrence of continuous minor changes
[43]. This implies that organizations will encounter less frequent changes that necessitate intentional
design, while experiencing more frequent changes that call for emergent design. Consequently, archi-
tects must possess the ability to address these smaller demand changes within a span of 1-2 sprints.
Conversely, changes requiring intentional architecture demand a longer timeframe, spanning multiple
sprints, to ensure their successful execution. This step is crucial in determining the project type re-
quired to meet such demands. These prioritized and classified demands are subsequently recorded in
the modified change backlog. Following this stage, a sprint goal is established. The sprint goal should
be sufficiently manageable so that the required changes can be accomplished within a single sprint.
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Figure 4.6: Design of the new EA increment

It is advisable to address 1-2 demands per sprint, ensuring that the development team can effectively
handle the workload without being overwhelmed.

Design of EA Increment

A zoomed in view of the Design of EA Increment process can be viewed in the figure 4.6.
The subsequent phase of the enterprise architecture (EA) development process entails designing or

engineering the EA increment based on the selected demands for the sprint. In the agile approach to
EA, Service-Oriented Architecture (SOA) is the recommended architectural style [42]. While SOA is
presented as a form of Agile Architecture [12], the emphasis is placed on addressing business problems
rather than the agility of the solution being built. Therefore, the primary focus in architecture design is
to determine whether the modifications made to the architecture effectively resolve business problems.

The critical question arises due to the inherent nature of SOA, which revolves around Services. It
is essential to define the concept of a "Service" and assess whether the implementation adheres to an
architecture that is designed with a Service-oriented approach. In the context of SOA, a Service is
a simplified representation of business functionality and/or data presented within a business context
[12]. To qualify as an SOA implementation, it is necessary to include at least one abstracted Business
Service. Consequently, throughout the design process of the EA increment, this architectural style
must be followed. Elements within the application layer must align with the business, and elements
within the technology layer must align with the application or business layers. By adhering to this
style of EA design, business-IT alignment is ensured.

Test-driven design

From the figure 4.2 it can be seen that simultaneously with the design of the EA increment, the agile
testing of the increment takes place in parallel. This testing of the EA increment has 4 functions,
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namely,
A zoomed in view of the agile architecture testing process can be viewed in the figure 4.6

1. Design test or use-case test : The design test is a test to understand whether the changes that are
needed to be accomplished by the architecture have been accomplished. This can be achieved
via checking for whether the main use-case that needed to be achieved has been achieved by the
sprint.

2. Architecture evaluation: The evaluation of the quality of the architecture increment is one the
many aspects of the methodology. Here, the architecture increment is tested for quality metrics
like the various agility aspects mentioned in the section 3.3.1. Moreover, the EA Evaluation model
proposed by [51] which is seen in the figure 2 in the Appendix - Figures offers a comprehensive
set of quality attributes for assessing the effectiveness of an EA implementation. These attributes
can be utilized as a valuable checklist in the form of a questionnaire to ensure the quality and
success of the EA initiative.

An important observation to note is the significant overlap between the agility aspects and the
quality attributes outlined in the evaluation model. For instance, alignment and integrity are
closely related to the concept of separating concerns and ensuring that IT effectively meets
the business requirements, as exemplified in the design of Service-Oriented Architecture (SOA).
Similarly, reusability aligns with the agility aspects of installability and usability. Furthermore,
scalability of EA services can be achieved through the implementation of decoupled and integrated
architectures, such as SOA. To address this, a potential approach would involve integrating both
the agility aspects and quality attributes into a comprehensive checklist for evaluating the quality
of an EA increment.

3. Defect management : In the realm of software development, an "Defect" refers to the difference
between the actual outcomes and expected outputs. However, within the context of architecture,
a defect is characterized as a deviation or malfunction in the functionality of the enterprise
architecture increment. These defects could be identified in the same sprint or outside the sprint
by another stakeholder. It must become a priority to fix these defects as soon as possible to
resume normal EA functionality

4. Deployment management : Deployment management is the practice of updating the Enterprise
Architecture increment as the new "As-Is" landscape. This must be executed after careful con-
sideration and at the final stage of the sprint

Retrospective and Review

This practice is directly adapted from SCRUM for the purposes of continuous improvement of the
architecture development. The team has an end of the sprint meeting to discuss whether all sprint
goals have been achieved to the quality that was desired and also discuss team dynamics and how they
can improve of the next sprint.

Any demands that are not adequately addressed are added to a "Spillover backlog" which then
gets added to the new Demand change backlog so that these unaddressed demands maybe considered
for future sprints.

Repeat

After the end of the sprint, new demands and defects are collected and added to the demand change
backlog by the demand owner. This ensures that that organization is continuously evolving and is
agile.

The implementation of the enterprise architecture increments in the organization are considered
out-of-scope for the thesis. But it is suggested that any EA increment must be validated before
complete implementation. This could be in the form of user acceptance tests, pilot tests or stakeholder
feedback etc.,
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4.3 Summary

This chapter focuses on addressing the second sub-research question, which examines how the design
and engineering of an enterprise architecture can be made agile. This can only be answered through the
design of the methodology, but first it is important to understand that the readiness of organizations
to adopt Agile Enterprise Architecture Decision Making (AEA-DM) cannot be quantified, but a set
of criteria has been defined to assess their readiness. These criteria serve as a checklist and do not
guarantee the success of the methodology adoption, as other factors are also influential and beyond
the scope of the thesis.

1. The first criterion is the establishment of a single source of truth representation, where an orga-
nization creates a representation of a consolidated repository of company data at the component
level. This representation captures the alignment between the business and IT domains and
enables informed management decisions. It is crucial for an "As-Is" landscape to be well-defined,
encompassing business services, applications, technology, and their dependencies. Without this
representation, transformation to a desired state cannot be achieved.

2. The second criterion emphasizes the importance of assigned ownerships for business, application,
and technology elements. Documenting ownerships in the "As-Is" landscape enables efficient
information gathering and supports successful digital transformation

3. High-level strategic objectives form the third criterion, guiding organizations in achieving their
goals and aligning their business structure with digital technology.

4. The final criterion highlights the importance of prepared stakeholders, including employees, top
executives, and end users, who need to possess the necessary skills and understanding of the
initiative’s objectives and alignment with company goals.

The sub-research question is answered through the means of the Agile Enterprise Architecture
- Development Method (AEA-DM) which is a systematic approach for developing an enterprise ar-
chitecture in an agile manner. It employs a process flow diagram to provide a clear and structured
representation of the methodology, facilitating understanding of the steps involved. The methodology
incorporates various team roles, including the Demand Owner, Architects, and testers responsible for
agile testing.

The workflow of the methodology begins with demand collection, where demands expressed by
stakeholders are registered in the demand change backlog. These demands then undergo an assess-
ment process to determine their technological changeability and feasibility. The demands that pass
the assessment are recorded in the Architecture Change Backlog, which serves as input for the Archi-
tecture Development/Design Sprint. The sprint involves Architecture Change Analysis, prioritization,
and classification of demands into intentional and emergent changes. The Design of EA Increment
follows, focusing on designing the enterprise architecture increment based on the selected demands.
Concurrently, test-driven design takes place, including design testing, architecture evaluation, defect
management, and deployment management. The sprint concludes with a retrospective and review
meeting to discuss achievements and improvements. The cycle repeats with the addition of new de-
mands and defects to the demand change backlog.
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Chapter 5

Demonstration and Evaluation

Following the development of the AEA-DM, this chapter provides a comprehensive evaluation of the
various constructs within the methodology. The subsequent sections present the results obtained from
expert interviews and conclude with an enhanced version of the AEA-DM, incorporating the insights
gained from the interview analysis. This chapter attempts to answer the final sub-research question,
Does the developed methodology provide a viable approach for designing and implementing enterprise
architecture? by evaluating the various constructs mentioned in the previous chapter, Methodology
Design.

As mentioned in Chapter Research Design, this study adopts the Design Science Research Method-
ology (DSRM) proposed in [56] where both the demonstration and evaluation of the artifact in this
case go hand-in-hand. Design cycles are an integral part of this methodology, allowing for the eval-
uation, validation, and improvement of artifacts. In the case of the Agile Enterprise Architecture -
Development Method (AEA-DM), which aims to enhance organizational agility through an agile en-
terprise architecture, comprehensive validation is a long-term endeavor due to the time required for
organizational change and digital transformation. Fully validating the AEA-DM would involve the
adoption of the methodology by organizations and its application in specific digital transformation
initiatives, a process that may span several years. However, given the timeframe of this thesis, this
type of validation of the AEA-DM is beyond its scope. Nevertheless, evaluation of the methodology is
within the scope of this study through the means of expert interviews and opinions. An initial version
of the AEA-DM which was explained in the Chapter Methodology Design will be evaluated through
expert interviews. The methodology will be then be updated based on the feedback received.

Before the evaluation of the AEA-DM the methodology was explained to the interviewees and
a consent form for the use of this thesis was obtained. Along with the methodology, a proto-type
of how the methodology could be implemented was shown to the interviewees with the help of the

5.1 Demonstration of the AEA-DM

The methodology shown in the figure 4.2 has been demonstrated using an enterprise architecture
management tool. This demonstration will address various parts of the methodology.

5.1.1 Demand Management
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5.1.2 Demand Classification

Since 1 project would only deal with one or 2 demands, it was decided that the was
suitable to denote the "enabler" or "feature deployment" sprints. This was done using a new data field
called "Epoch type" or "Project type".

5.1.3 Architecture development

This visualization shows that the application layer is
beneath the business layer and all application layer decisions, must be dictated by the business layer
(business capabilities).

Additionally, the projects which deal with a demand each can also be visualized through the use
of the in-built This could
also be viewed via the use of other PM tools such as JIRA etc.,

5.2 Evaluation Design

The examination of the relationship between business and information technology has long been ac-
knowledged as a complex and challenging area of study. This complexity arises from technical intri-
cacies, the intricate interaction between technology and human capabilities, and the crucial role of
human behavior. While the former two aspects have presented numerous intricate and captivating
research problems, it is the latter aspect - human behavior - that has only recently begun to receive
significant attention in a more holistic manner. In the research conducted in [64], the main objective is
to demonstrate the adaptation and incorporation of qualitative methods in empirical studies within the
field of software engineering. The key advantage of utilizing qualitative methods lies in their capacity
to compel researchers to thoroughly explore the complexities of the specific problem rather than sim-
plifying or abstracting it. Consequently, the author contends that employing qualitative methods leads
to more comprehensive and insightful outcomes. As a result, for this study, a qualitative approach has
been chosen as the method of evaluation.

5.2.1 Interviews

According to [64], interviews are a commonly employed qualitative data collection technique. They
serve as a means to gather opinions and impressions about a particular subject in research studies. In
line with the purpose of this study, interviews were conducted to obtain the interviewees’ impressions
on the various constructs of the methodology. The interviews comprised a combination of open-ended
and specific questions, allowing both the researcher and the interviewees to delve into the focus areas
and expand their thoughts on them.

It is worth noting that the conducted interviews followed a semi-structured format, involving a mix
of open-ended and specific questions. The questions were thoughtfully designed to capture both antic-
ipated and unforeseen information. To ensure consistency and alignment with the research objectives
and questions, an interview guide was prepared as a reference. However, the interviews progressed
smoothly and followed a well-organized structure, making the use of the interview guide unnecessary.
The interviewees consistently provided relevant and meaningful responses throughout the interviews.
The transcripts of the interviews can be found in the Appendix Transcripts chapter .

The details of the interviewees are presented in Table 5.1. For confidentiality reasons, the names of
the interviewees are not provided. The table includes columns indicating the interviewees’ job roles, job
responsibilities, experience in the enterprise architecture (EA) domain, and their familiarity with agile
methods (AM), digital transformation (DT), and enterprise architecture (EA).
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Table 5.1: Interviewees and their details

Interviewee Job Responsi-
bilities

Experience Familiarity with AM, DT, EA

Interviewee 1 Team lead for var-
ious transforma-
tion projects

5 years Yes

Interviewee 2 Acquiring
projects with
existing cus-
tomers & speak
at external events
& Start, lead and
complete various
projects, build
internal course
work for employee
education

9+ years Yes

Interviewee 3 Drive customer
adoption of EA
tool

6+ years Yes

Interviewee 4 To try and
shorten the time
to value with
customers

9+ years Yes

5.2.2 Qualitative Data Analysis and Coding of interviews

Due to the study’s constraints, which include a limited time-frame and reliance solely on interviews for
evaluation, traditional qualitative data analysis methods such as triangulation, negative case analysis,
and replication could not be employed. Consequently, the analysis of the interviews became the
primary means of assessing the constructs of the methodology. In light of this, codes were developed
to substantiate the utilization of the methodology’s constructs and reinforce the corresponding ideas
associated with these constructs.

The interviews were conducted remotely using the Zoom software, facilitating video calls between
the interviewer and the participants. Once the interviews were completed, they were transcribed and
adapted to a business context. During the transcription process, repetitive words and filler expressions
such as "uhmm" and "ah" were excluded as they did not contribute any additional information, aside
from indicating that the interviewees took a moment to consider their responses.

Following the transcription, an initial round of coding was performed. In simple terms, coding in
this context refers to labeling or attaching tags to specific parts of text that are related to a particular
theme or idea that is important in the study. These labels, or codes, help organize and categorize
the text passages. This naturally suggests that a "Thematic Analysis" approach was the main mode
of qualitative analysis for this study. The coding of the interviews was done so with a mixture of
both inductive and deductive approaches. Based off of the pre-requisites and the constructs of the
methodology, a pre-set amount of codes were set-up and through the analysis of the interviews, more
codes were formed for a more thorough analysis. This involved the creation of 66 distinct codes to
represent different themes and concepts derived from the interview data. Through further evaluation
and analysis, these codes were subsequently consolidated and grouped, resulting in a reduction to 28
codes. The aim of this coding process was to organize and categorize the data, confirming the various
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constructs of the methodology. In essence, this step can be likened to the "Confirmation of Theory"
phase described in [64].

Subsequently, the codes were analyzed collectively to determine their combined support or refuta-
tion of the constructs of the methodology. This qualitative method of validation serves to examine the
relationships and patterns within the data, providing insights into the extent to which the constructs
align with the interview findings.

5.3 Interview results

The interviews had 2 goals, confirm the author’s pre-requisites and methodology constructs and to
obtain feedback on improvement of the methodology. Some of the interviewee’s answers did not require
the use of the specific questions due to them being answered in the previous open-ended questions.

5.3.1 Single source of truth representation

All the interviewees emphasize the significance of establishing a representation of single
source of truth, albeit in different ways. The code "Single source of truth" was employed to
represent any information derived from the interviews concerning the theme of "current state of the
enterprise" (As-Is landscape) or a "comprehensive repository of information". It is noteworthy that the
code "transparency" is frequently associated with the concept of the "As-Is" landscape. To summarize,
the main points are as follows:

• Creating transparency and building a repository of information is important.

• Defining the current position and future goals is a challenge that enterprise architecture can
address.

• Enterprise architecture helps bring transparency and enables decision-making on how to achieve
goals.

• Data quality is crucial, and enterprise architecture collects information from subject matter
experts.

• Having an "As-Is" landscape is essential for planning a future IT landscape.

• Enterprise architecture provides insights into application usage, interconnections, and overall IT
landscape transparency.

Overall, the interviewees emphasized the significance of transparency, defining goals, data quality,
and the role of enterprise architecture in managing and optimizing the IT landscape.

5.3.2 Assigned ownerships

All the interviewees confirmed the pre-requisite of having ownerships assigned to the enter-
prise architecture elements. The code "Ownernship" was used to indicate any information that
led to the theme of having assigned ownerships to EA elements.

Overall, the interviewees provided valuable insights on the importance of enterprise architecture in
managing and optimizing the IT landscape. The key points can be summarized as follows:

• Clear Role and Responsibility: It is crucial to establish a clear role and responsibility model
for artifacts such as applications, capabilities, processes, and projects. Having designated owners
and domain experts helps in understanding requirements and ensuring accountability.

• Modernization: Adopting the methodology may facilitate modernization efforts. Regular com-
munication with business domain representatives and incorporating their feedback allows for
quicker adjustments and better outcomes.
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• Transparency and Decision-making: Enterprise architecture plays a vital role in bringing
transparency to the IT landscape. It provides the necessary information for informed decision-
making, including understanding application ownership, goals to be achieved, and the overall
road-map.

• Data Quality and Subject Matter Experts: Data quality is of utmost importance, and
enterprise architecture relies on subject matter experts to provide accurate information. Collab-
oration with application owners, solution architects, business domain representatives, and other
stakeholders ensures comprehensive and reliable data.

• Ownership and Governance: Understanding asset ownership is essential for effective gover-
nance and the ability to run initiatives and modernization efforts. Lack of ownership leads to
challenges in maintaining and governing assets, hindering progress and optimization.

• Meaningful Information Maintenance: Avoiding the maintenance of unnecessary informa-
tion is crucial to prevent a data graveyard. Information should be maintained with a clear
purpose and consumer in mind to ensure efficient use of resources.

5.3.3 High-level strategic objectives

All the interviewees confirmed the pre-requisite of having ownerships assigned to the enterprise archi-
tecture elements. The code "Objective" was used to indicate any information that led to the theme of
having high-level objectives before undertaking any project initiative.

According to the first interviewee, having a high-level objective is beneficial as it helps in under-
standing the purpose behind the actions taken. Relating projects and transformation initiatives to
an overall goal provides clarity and context. However, the interviewee also suggests that a high-level
objective may not be a mandatory requirement solely for enterprise architecture.

The second interviewee mentions that one of the first problems they identified in their experience
was the lack of clarity regarding the desired destination or goal among the stakeholders of the customer
company. Without a clear objective, it becomes challenging to make informed decisions and take
appropriate actions. Defining the current state and the desired future state is crucial for understanding
the journey that needs to be undertaken. Additionally, they emphasize that digital transformation is
not solely about technical improvements but also involves integrating the business aspects. Focusing
only on technical aspects, such as migrating to the cloud, without considering the broader business
implications, may not lead to desired benefits. Therefore, aligning both technical and business elements
is essential for a successful digital transformation.

The third interviewee mentions that it is crucial to establish a clear goal that aligns with the business
strategy to obtain buy-in from various stakeholders. By defining the common goal, the stakeholders
understand the purpose and significance of the transformation. Additionally, they emphasize that not
every change is business critical, and enterprise architects should prioritize and align their actions with
the overall business strategy. This underlines the need for strategic alignment and focusing resources
on changes that contribute to the overarching objectives.

The fourth interviewee mentions that by setting clear objectives, organizations can avoid being
overly focused on technology alone. Starting with objectives allows for a broader perspective and
prevents getting confined to specific solutions. It enables a more comprehensive understanding of the
overall construct and aids in identifying the best approach for realizing the objectives. This approach
is crucial for enterprise architecture, as it encourages taking a step back from technical details and
gaining a clearer and more holistic view of the organization’s goals

In summary, interviewees emphasize the need to understand the purpose and direction of projects
and transformation initiatives. They stress the significance of aligning enterprise architecture with the
overall business strategy and having a clear vision of the desired outcomes and confirm the need for
high-level objectives. The interviewees emphasize the importance of setting higher-level objectives
and then breaking them down into actionable steps, rather than focusing solely on technology solutions.
Taking a holistic view of the enterprise is considered essential for effective architecture.
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5.3.4 Stakeholder Management

All the interviewees confirmed the pre-requisite of needing effective stakeholder manage-
ment. The codes "resistance to change", "effective communication", "engage employees" & "strategic
support" were grouped to a "Stakeholder Management" code group to effectively manage multiple
themes that lead to an overarching theme.

Interviewee 1 highlights the importance of employee engagement and clear communication in the
success of a company’s digital transformation initiative. While resistance from staff can occur, espe-
cially in projects related to enterprise architecture, effective communication of the value and purpose
of the transformation is crucial. Engaging employees and gaining their support is essential for the
implementation of new applications or system transformations. Without proper change management
and addressing potential resistance, the project can face risks and potential failure. Thus, emphasizing
the significance of change management and employee involvement in ensuring the success of digital
transformation initiatives.

Interviewee 2 emphasizes that employee resistance is a significant factor that can pause, misguide,
or even halt digital transformation initiatives. Using the example of cloud migration projects, the
interviewee explains the importance of gathering input from various stakeholders, including business,
technical, and HR partners. However, if individuals only respond to their specific questions without
considering the bigger picture, it can hinder the progress of the project. The interviewee highlights the
need for collaboration and buy-in from management, as their support and understanding are crucial for
successful implementation. However, despite potential management pressures, ultimately, the success
of digital transformation initiatives depends on the willingness and cooperation of the people involved.

Interviewee 3 explains that in the context of implementing transformation projects, one common
challenge is encountering political or stakeholder resistance. When transitioning from one application
to another, there are often individuals who are emotionally attached to their current application and
resist any change. This resistance stems from the belief that the existing application is sufficient and
does not require alteration. However, if there is buy-in from key stakeholders or the steering committee
consistently approves such changes, it becomes easier to obtain the necessary information and maintain
updated data.

Interviewee 4 takes

Failure to recognize the
importance of maintaining and supporting the overall architecture strategy may result in a lack of
interest in documenting changes and hinder the success of the implementation.

5.3.5 Demand Management

Interviewee 1 suggests that stakeholder goals and needs were not adequately addressed through the
use of the demands change backlog in the context of enterprise architecture. They highlight the lack
of available options for employees to share feedback or raise demands, such as a dedicated portal.
Additionally, there is a lack of awareness about the existence of enterprise architecture within many
organizations. The interviewee mentions that initiatives and software purchases are often started
without proper channels for feedback and demands from enterprise architecture. They also note a gap
between procurement and enterprise architecture processes.

Interviewee 2 shares the idea of having one primary business domain with multiple demand owners
divided by business units. The importance of communication and collaboration between different
domain business demand owners is highlighted, especially when considering overlaps or dependencies
between demands. The interviewee emphasizes the need for the demand owner to be well-connected
and have a comprehensive understanding of the enterprise strategy, current state, and future goals.
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The interviewee emphasizes that being a demand owner is a highly involved responsibility that should
be treated as a full-time job rather than a casual commitment. Simply checking the As-Is landscape
and prioritizing tasks would not be sufficient for effective decision-making and implementation. They
suggest that being a demand owner should be a full-time job rather than a part-time responsibility to
ensure effective prioritization and decision-making or that the demand owner should be replaced with
a commitee of demand owners. The interviewee emphasizes the importance of having an accessible
demand backlog where everyone can easily access and enter their demands. While having an open
backlog may result in a large number of entries, the focus should be on prioritizing effectively rather
than restricting the backlog. The interviewee supports the approach of prioritizing demands over
limiting the accessibility of the backlog.

Interviewee 3 suggested that there is not enough representation of strategic support in the methodol-
ogy and the addition of a steering committee maybe a noteworthy inclusion in the demand management
section. They stress the importance of a governance procedure for the the evaluation and rejection
of initial demands. The interviewee highlights the importance of having well-defined enterprise archi-
tecture (EA) processes where each role, such as the demand owner, has ownership of the process and
possesses domain expertise to evaluate the demands. This ensures that the evaluation of demands is
conducted effectively and efficiently.

Interviewee 4 highlights the importance of aligning the organizational setup and practices in docu-
menting changes in enterprise architecture. The engagement and interest of individuals in documenting
their wanted changes depend on their roles and goals within the organization. If they are aware that
supporting the overall architecture strategy is part of their responsibility and can benefit them in the
long run, they are more likely to actively participate in documentation and collaborate with enterprise
architects. It is crucial to communicate the benefits and incentives of following the process to encourage
their involvement while considering their own project goals.

In summary from the interviews, several key points can be derived:

1. Stakeholder goals and needs are not effectively addressed through the demands change backlog
in enterprise architecture. There is a lack of feedback options and awareness about enterprise
architecture within organizations.

2. A primary business domain with dedicated demand owners divided by business units may be nec-
essary. Effective communication and collaboration between these owners are crucial, considering
overlaps and dependencies. The demand owner role should be treated as a full-time commitment,
with a comprehensive understanding of the enterprise strategy.

3. Strategic support and the inclusion of a steering committee in the demand management function
is noteworthy feedback. Well-defined enterprise architecture processes and domain expertise are
important for evaluating demands efficiently.

4. Aligning organizational practices and engaging individuals in documenting changes is crucial
for effective demand management. Awareness of the benefits and incentives of supporting the
architecture strategy motivates active participation and collaboration with enterprise architects,
considering individual project goals.

Overall, the interviews highlight the need for improved feedback mechanisms, effective communi-
cation, a comprehensive understanding of enterprise goals, well-defined processes, and alignment of
organizational practices to enhance the effectiveness of enterprise architecture.

5.3.6 Service Orientation

Remembering that a service is defined as a simplified representation of business functionality and/or
data presented within a business context in the context of SOA, the interviewees reference service-
orientation in the following ways:

Interviewee 1:
While not explicitly mentioning service-orientation, they emphasize the importance of introducing
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new technologies into an organization to impact the business first and improve the customer experi-
ence. This aligns with the underlying principles of service-orientation, which aim to enhance business
functionality and provide value to customers through technology-enabled services.

Interviewee 2:
They highlight the need to integrate the business side of things in a digital transformation initia-
tive. This recognition of integrating business processes aligns with the service-orientation approach,
where services are designed to encapsulate business functionality and data within a business context.
By integrating the business side, the organization can leverage service-orientation principles to drive
improvements and achieve better outcomes.

Interviewee 3:
They mention how EA can help in planning a future landscape by considering capabilities, applications,
and interfaces. This aligns with service-orientation principles as EAs, along with solution architects,
assess and select future solutions that fulfill the business capabilities currently provided by existing
solutions. This approach ensures a smooth transition and alignment of services within the enterprise
architecture.

Interviewee 4:
They explicitly state that enterprise architecture is service-oriented. This reflects the understand-
ing that enterprise architecture, as a discipline, embraces service-orientation principles to design and
manage the delivery of services that align with business objectives. By considering the business per-
spective and focusing on overall objectives, enterprise architects can create a clear and comprehensive
understanding of the enterprise’s service landscape.

Overall, while the interviewees may not directly refer to service-orientation, their statements indi-
rectly reflect the principles and concepts associated with service-orientation architecture,
such as integrating business processes and aligning technology solutions with overall business abstrac-
tions and to overall objectives.

5.3.7 Dependency Management

The interviewees view dependency management as a key use-case of enterprise architecture. This is
exemplified in the case of agile EA where changes are made ever more frequently and dependency
management becomes a daily task. Enterprise Architecture (EA) plays a crucial role in dependency
management by providing overall transparency, adaptability, and integration across various systems
and processes. The interview extracts highlight different aspects of how EA facilitates dependency
management:

Interviewee 1 uses the analogy of real architecture in a city to emphasize the importance of consid-
ering dependencies during the transformation process. Just like forgetting to connect a new penthouse
with essential utilities renders it unusable, neglecting to address dependencies in digital transformation
can lead to inefficiencies and operational challenges. EA helps identify and visualize these dependencies,
ensuring a holistic view of the systems and their interconnectedness.

Interviewee 2 discusses the integration between Jira and

This integration between a
PM tool and an EA management tool enables stakeholders to assess the impact of delays on the overall
transformation and make informed decisions about resource allocation and timeline adjustments.

Interviewee 3 emphasizes the importance of understanding the current system’s interfaces, data
flows, and processes through EA. This knowledge allows for the identification and management of
dependencies between different components, interfaces, and processes within the as-is state. By docu-
menting and analyzing these dependencies, EA provides insights into what needs to be implemented in
the new system to ensure a seamless transition and avoid disruption due to unaddressed dependencies.

In summary, EA enables dependency management by providing transparency, integrating infor-
mation from various sources, and facilitating a comprehensive understanding of system interfaces,
data flows, and processes. These capabilities support effective decision-making, risk mitigation, and
successful implementation of digital transformation initiatives.
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5.3.8 Incremental development

Interviewee 1 believes that adopting a smaller architecture increment approach is definitely better than
having a big transformation project. They argue that planning too far ahead, such as three or five
years, is not practical because demands and technology will change over time. Instead, they advocate
for setting an overall goal and starting with an agile approach. By regularly reviewing progress and
determining the next steps, they believe this approach will be more successful than a rigid waterfall
approach. In their professional services work, they follow a similar methodology, implementing changes
gradually in phases, starting with a subset of applications or focusing on specific locations or business
units. They prioritize use cases and gradually expand based on successful drafts and customer needs.
Overall, they emphasize the importance of an agile approach in their projects.

Interviewee 2 acknowledges that enterprise architecture has traditionally been approached as a big
project rather than addressed step by step. However, they believe that performing smaller architecture
increments is a better solution. They describe the current state of enterprise architecture as primarily
descriptive, where efforts are focused on bringing the existing IT and business landscape into alignment.
They argue that enterprise architecture needs to transition into a more prescriptive dimension, where it
proactively identifies areas for improvement and drives change. The interviewee suggests that enterprise
architecture should take the lead in identifying dependencies and initiating necessary actions, rather
than being reactive to application owners’ decisions. They believe that an incremental approach is more
suitable because it allows for gathering information, improving data quality, and adapting to the fluid
nature of enterprise architecture. They emphasize the importance of detailed enterprise architecture
that guides decision-making and suggest breaking down work packages into smaller steps, such as
identifying dependencies, proposing solutions, and executing them. In conclusion, the interviewee
expresses a preference for incremental approaches in enterprise architecture.

Interviewee 3 suggests that it is important to have a target state and a roadmap in mind when
approaching enterprise architecture. They emphasize the need to define the objectives and desired
outcomes clearly to avoid potential issues. While the implementation process can be agile and adapt-
able, the overall solution should be well-defined. The interviewee recommends taking an incremental
approach, gradually rolling out the solution rather than pursuing a full-scale implementation all at
once. This allows for flexibility in implementing process changes and ensures a more controlled and
manageable transition.

Interviewee 4 states that the approach of performing smaller architecture increments or a big
transformation depends on the scope of the project. In the case of a large program like an ERP
transformation, comprehensive planning is necessary to consider the future and changing circumstances.
However, even within a big plan, there are numerous small increments that can be implemented. The
interviewee mentions the use of milestone planning, where shifts in one milestone can impact the entire
plan. This highlights the need for adaptability and flexibility in managing enterprise architecture
projects.

Overall, the interviews stress the advantages of an agile and incremental approach in
enterprise architecture, while also considering the scope and adaptability required for successful
implementation.

5.3.9 Other noteworthy takeaways

Visualization

All the interviewees note that visualization of the enterprise architecture is a given and do not
even question it. However, the organization, moves further on from a model-based devel-
opment into a model-based, data-driven development of enterprise architecture. Modern EA tools

are advancing the field of EA by allowing Enterprise Architects to
make visualize the architecture via the use of data in the form of various reports.
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Demand Prioritization

All the interviewees believe that demand prioritization is a key process in the methodology. The second
interviewee even suggested that it is the most key process in the entire methodology.

Demand Classification

Some of the interviewees believe that the demand classification may be unnecessary, but some of the
interviewees believe that any information to provide additional context and transparency is worth
including.

EA Evaluation

The interview participants offered comparable suggestions for assessing the increase in Enterprise Ar-
chitecture (EA). These suggestions include validating the implementation of use cases following the
completion of the design. Two interviewees proposed ensuring adequate representation of testing
requirements, while also recommending an additional method of verification through stakeholder feed-
back. This entails verifying with the "demand requester" whether their problem has been effectively
addressed or not.

Proto-type

5.4 Summary

For the purposes of the data analysis of the interview, a thematic analysis process was followed. The
main RQ that needed an answer for this section was : "Does the developed methodology provide a
viable approach for designing and implementing enterprise architecture?. This was split into 2 main
objectives and they were achieved:

• to confirm the prerequisites of the AEA-DM and its constructs

• to obtain feedback on improving the methodology.

The first theme discussed was the importance of establishing a representation of a single source
of truth, which includes transparency, defining the current state and future goals, data quality, and
ownership. Enterprise architecture plays a crucial role in creating transparency, collecting data from
subject matter experts, and providing insights into the IT landscape.

The second theme focused on the necessity of assigning ownership to enterprise architecture ele-
ments. Clear roles and responsibilities, modernization efforts, transparency, data quality, and gover-
nance were highlighted as crucial aspects of effective enterprise architecture.

The third theme emphasized the need for high-level strategic objectives. The interviewees stressed
the significance of aligning enterprise architecture with the overall business strategy, setting clear goals,
and avoiding a narrow focus on technology alone.

The fourth theme discussed effective stakeholder management, including employee engagement,
clear communication, addressing resistance to change, and obtaining strategic support. These factors
were identified as critical for the success of digital transformation initiatives.
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The fifth theme addressed demand management, including the need for effective feedback mecha-
nisms, a primary business domain with dedicated demand owners, strategic support, and alignment of
organizational practices.

Finally, the sixth theme touched on service orientation, highlighting the integration of business
processes, planning the future landscape, and embracing service-orientation principles within enterprise
architecture.

Overall, the interviews provided valuable insights into the prerequisites, methodology constructs,
and improvement opportunities related to enterprise architecture. The themes discussed underscored
the importance of transparency, ownership, strategic alignment, stakeholder management, demand
management, and service orientation in optimizing the IT landscape and driving successful digital
transformation initiatives.

After evaluating the methodology through interviews, a modified Agile Enterprise Architecture
Development Method (AEA-DM) was developed to address the feedback from the interviews. Two
observations led to the modifications:

• the need for nuanced demand management

• the complexity of demand classification

In larger organizations, a demand management team is necessary, consisting of representatives from
various business units, an overall demand owner, and a strategic-level representative. This allows for
agile decision-making and strategic insights. The classification of demands as intentional or emergent
is replaced with a simpler approach based on the duration of solution design. If it exceeds 1-2 sprints,
the team has the flexibility to choose the number of demands to address concurrently. If it can be
completed within 1-2 sprints, it is recommended to select 1-2 demands per sprint.
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Chapter 6

Conclusions

The study’s primary focus was the design of a comprehensive but flexible methodology to build an
agile enterprise architecture. For this purpose, a research question was designed:

How to design a methodology that satisfies agile practices or principles so that
companies can better transform digitally using enterprise architecture?

This RQ was split into 3 further RQs to split the design problem into manageable endeavors

6.1 Agile practices that benefit EA

The objective of the literature review is to explore the development of an agile enterprise architecture
methodology that can effectively support an organization’s digital transformation and answer the first
sub-RQ. The review specifically focuses on addressing the following research question:

What are the agile practices that contribute to the management of enterprise architecture
during the digital transformation of an organization?

Table 6.1: Agile practices that benefit EA

Description From studies
1 Incremental Develop-

ment
[35], [39], [42], [15]

2 Collaboration [59], [15], [47]
3 Customer/Stakeholder

Representation
[10], [15], [39], [35]

4 Continuous Optimiza-
tion

[59], [42]

5 Test-Driven Design [47], [39]

To answer the first sub-research question, the literature review explored agile practices that benefit
enterprise architecture management during digital transformation. These practices can be seen in the
table 6.1.

Furthermore, it has been determined that the agility aspects must be incorporated as essential
criteria for evaluating the effectiveness of an enterprise architecture in the development of the method-
ology.

Incremental development is a crucial to achieve agility within enterprise architecture. It refers to
the iterative and incremental approach of building and improving systems, software, or solutions in
small, manageable steps rather than attempting to deliver a complete and final product all at once.
It allows for faster Time-to-Value & ability to adapt to changing demands which are both hugely
important for improved EA delivery.
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Collaboration is vital for agility in enterprise architecture as it brings together diverse perspectives
and expertise to make informed decisions quickly. By involving stakeholders, architects, and develop-
ers in open communication, shared understanding of goals and challenges is achieved, leading to faster
problem-solving and adaptive solutions. This collaborative approach fosters alignment, reduces mis-
understandings, and enables the rapid adjustment of architectural strategies to meet evolving business
needs.

Stakeholder representation is crucial for agility in enterprise architecture as it ensures that the
architectural decisions align with the diverse needs and priorities of different business units and users.
Involving stakeholders provides valuable insights, enabling the architecture to adapt rapidly to changing
requirements. This approach fosters buy-in, minimizes potential conflicts, and facilitates the creation
of a more responsive and effective architectural framework.

Continuous optimization of enterprise architecture is essential for agility as it enables the archi-
tecture to evolve in response to changing business needs, technological advancements, and market
dynamics. By regularly reviewing and refining architecture components, processes, and technologies,
organizations can ensure that their systems remain efficient, adaptable, and aligned with strategic
goals. This iterative optimization approach enhances agility by facilitating quick adjustments and
minimizing the risk of architectural stagnation.

Test-driven design of an enterprise architecture is important for agility as it promotes the creation
of well-defined and quality assured EA deliverables. By focusing on writing design use-cases and by
verifying architecture quality standards before implementing solutions, test driven design of an EA
ensures that architecture meets business requirements and remains adaptable to changes.

The overall goal of this research being the design of a methodology for the development of an agile
EA, the principles in the table 6.1 must be catered to in the design of the method. By considering
these agile principles, the resulting methodology can better align with the requirements and challenges
of digital transformation within an organization.

6.2 A methodology for agile enterprise architecture

The second sub-research question is addressed by the design of the Agile Enterprise Architecture -
Development Method (AEA-DM) in the figure 4.2 and its pre-requisites in figure 4.1, which serves as
a systematic approach for developing enterprise architecture in an agile manner.

How can the design or engineering of an enterprise architecture be made agile?

This method employs a process flow diagram that offers a clear and structured representation of
the methodology, facilitating comprehension of the various steps involved. Within the methodology,
different team roles are assigned, including the Demand Owner, Architects, and testers responsible for
agile testing.

The workflow of the methodology initiates with demand collection, where stakeholders’ demands
from different business units of the organization are registered in the demand change backlog. This
workflow is used to show the representation of stakeholders in the method. The demands that suc-
cessfully pass the assessment are recorded in the Architecture Change Backlog, which serves as input
for the Architecture Development/Design Sprint. This sprint encompasses several activities such as
Architecture Change Analysis, where demands are analyzed, prioritized, and classified as intentional
or emergent changes. Following this, the Design of EA Increment phase focuses on designing the en-
terprise architecture increment based on the selected demands. Concurrently, test-driven design takes
place, incorporating activities such as design testing, architecture evaluation, defect management, and
deployment management. The sprint culminates in a retrospective and review meeting to discuss
achievements and identify areas for improvement. The cycle then restarts with the addition of new
demands and defects to the demand change backlog which represents the incremental development and
continuous optimization of an EA. This can only occur if the ownership of EA elements is assigned.
Therefore, without the collaboration between the architecture development team the owners of different
EA elements, this method will not be successful.
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By following the Agile Enterprise Architecture - Development Method (AEA-DM), it is hypothe-
sized that organizations can effectively manage and address the evolving demands of stakeholders in
an agile manner, fostering continuous improvement and adaptation within the enterprise architecture
development process.

6.3 Viability of the methodology

Does the developed methodology provide a viable approach for designing and implementing
enterprise architecture?

To answer the third sub-research question, an evaluation of the AEA-DM was conducted. The
evaluation of the methodology was conducted through thematic analysis of interview data, aiming to
confirm its viability. The constructs of the methodology are verified by asking the interviewees for
their opinion and feedback for improvement. This meant the addressing of two objectives:

• Confirming the prerequisites and constructs of the AEA-DM.

• Obtaining feedback for improving the methodology and build an improved method.

This feedback therefore gives us the answer to the last sub-research question.
Is the version of the AEA-DM shown in 4.2, a viable approach for designing or building an enter-

prise architecture? No. But, it can be with a few modifications.

Main takeaways from the interviews and the answer to the last research question are as follows:

• All the interviewees confirmed (directly or indirectly) the importance of the need for the method-
ology prerequisites, namely, single source of truth representation, assigned ownerships, high-level
strategic objectives & stakeholder management. These prerequisites are outlined more in depth
in chapter 4

• All the interviewees believe and stress on the importance of an incremental method of architecture
development.

• All the interviewees liked the idea of maintaining a "backlog" for the development of an ar-
chitecture increment. However, the overall aspect of demand management was not adequately
addressed in the first iteration of the AEA-DM.

• All the interviewees confirmed (directly or indirectly) the importance of the idea of service ori-
entation in the development of an architecture increment

• All interviewees also confirmed that visualization of an Enterprise Architecture is important

• All interviewees confirm the importance of the prioritization of demands while some considering
it the most important step in the method.

• All the interview participants offered comparable suggestions for assessing the architecture in-
crement, namely whether the use-case has been satisfied and by verification with the "demand
requester".

• All the interviewees seemed to think that the classification of demands was not important as the
prioritization and was needlessly complex.

The analysis confirmed the inclusion of all prerequisites and identified themes that validated the
methodology. Valuable feedback from the interviewees was incorporated into the final modified AEA-
DM, thereby hypothesizing that the developed methodology is now a viable approach for designing and
implementing enterprise architecture.

The word "hypothesizing" is used since further verification is needed for practical implementation of
the methodology due to the limited sample size of the interviews and lack of empirical data. Observation
and long-term empirical testing are necessary to assess effectiveness, adaptability, and address potential
limitations.
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6.4 Improved Agile Enterprise Architecture - Development Method

The feedback generated through the interviews was later incorporated into the new Modified AEA-
DM presented in the figure 6.1 thereby answering the main research question. Therefore, with the
combination of the 3 sub-research questions, in this subsection, the answer to the main research question
mentioned at the beginning of this chapter is answered. For easy readability, here is this research
question:

How to design a methodology that satisfies agile practices or principles so that
companies can better transform digitally using enterprise architecture?

In this thesis, a methodology (the modified AEA-DM) is designed through the use of the DSRM
which satisfies agile principles, namely, incremental development, continuous optimization (working
architecture increments, frequent delivery of these increments), customer/stakeholder representation,
test-driven design to ensure quality & collaboration between architecture teams and other stakeholders
within the organization and self reflection and continuous improvement. This methodology can be seen
in the figure 6.1.

19

Testers
(Architecture Function Tester,

Architecture QA tester) 

Architects
(EA, Business, Cloud, Software etc.,)

Demand change 
backlog

Assess demands

Ability Feasibility
Current Architecture

Architecture Increment

Architecture 
Change backlog

Prioritize

Single sprint Multiple 
sprints

Set sprint goal

Sprint Planning

Engineer/Design EA Increment

Business Service Application Technology Alignment

Agile testing

Design test Evaluation Manage Defects Deployment

Retrospective and 
review

Gather new demands, 
feedback from changes and 

defect management

Architecture design sprint

Spillover backlog

Decision making is left 
to the team

Demand owner (OR)
Demand Management team (OR)

Steering Committee

How many sprints does it require? (estimate)

Validation before 
implementation

Figure 6.1: Modified Agile Enterprise Architecture - Development Method

The modified AEA-DM 6.1 was developed based on two observations:
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1. The demand management aspect of the methodology requires nuance.

2. The use of the classification of demands is unclear and is needlessly complex

Each of these changes can be seen in the figure 6.1 and in the figures 6.3 and 6.2.

Prioritize

Single sprint Multiple 
sprints

Set sprint goal

Sprint Planning

Decision making is left 
to the team

Architecture 
Change backlog

Figure 6.2: Sprint planning in the modified AEA-DM

6.4.1 Demand Management

The management of demands varies across organizations. While a single demand owner may suffice for
smaller, closely-knit organizations, it is inadequate for larger entities. Therefore, the introduction of a
demand management team becomes necessary. This team comprises individuals from all business
units or owners of business functions within the enterprise, an overall demand owner to talk to and
communicate with the architecture development team, and a representative from the strategic level of
the organization.

The inclusion of a strategic-level representative was deemed essential based on feedback from in-
terviewee 3. However, seeking permission from a strategic level for demands can be perceived as too
rigid and waterfall-like. To maintain agility, having a team member from the strategic level who is
considered an equal member of the demand management team enables prompt decision-making and
provides valuable strategic insights to the methodology. The new team structure can be viewed in the
figure 6.3 in the Figures section of the Appendix.

6.4.2 Sprint Planning

The classification of demands into intentional and emergent categories is considered excessively intricate
and is therefore discarded in favor of a simpler decision-making approach. The simplified decision is
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Figure 6.3: Team structure in the modified AEA-DM

based on the following question: "Does the design of the solution to address a demand require more
than 1-2 sprints?" (assuming a sprint duration of 2 weeks to a month). If yes, the choice to develop more
than one demand is left to the team’s discretion. This approach is taken under the assumption that
the team’s expertise is sufficient to gauge the effort needed to address a demand or multiple demands.
The team may opt to focus on a single demand for as long as necessary or concurrently undertake
solution design for multiple demands. However, if the design can be completed within 1-2 sprints, it is
recommended (not mandated) to select only 1-2 demands to be addressed in each sprint. The modified
sprint planning stage can be viewed in the figure 6.2 in the Figures section of the Appendix.

6.4.3 Demonstration of the modified AEA-DM
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6.5 Limitations

While this research has yielded valuable insights into the design and development of an agile enterprise
architecture methodology, certain limitations should be acknowledged.

Firstly, the research artifact underwent qualitative review through a limited number of interviews,
and the time-frame was constrained to a few months, preventing extensive real-life implementation
and validation via case studies.

Secondly, the intentional generality of the methodology may require customization for specific
industry types to enhance its applicability.

Thirdly, the methodology lacks a specific focus on the implementation of architecture increments
in organizations, potentially introducing complexities during adoption and execution.

Furthermore, transitioning organizations with traditional enterprise architecture mindsets to em-
brace the new methodology requires a deliberate effort. Promoting an agile mindset throughout the
organization and making stakeholders aware of the demand management pipeline are essential steps.
Demonstrating the benefits of the new architecture development approach for their work and overall
advantage is crucial. Adoption of modern enterprise architecture tools may facilitate this endeavor.

6.6 Future Work

Moving forward, future work should focus on addressing these limitations and further improving the
methodology. To strengthen its validity, conducting both quantitative and qualitative reviews involving
a larger sample size and incorporating observation as a research method can provide deeper insights
into its practical implementation and effectiveness within organizations.

Additionally, conducting empirical testing over an extended period through multiple iterations of
the design cycle will help evaluate the long-term adaptability and efficacy of the methodology.

Furthermore, exploring the implementation of agile enterprise architecture (EA) within organiza-
tions is crucial. Understanding the adoption, success factors, and barriers of agile EA can provide
valuable insights for organizations seeking to embrace digital transformation.

A promising area for future research is delving into agile testing within the context of enterprise
architecture. While quality attributes of EA have received attention in previous studies, agile testing in
EA is still in its nascent stages and has not been extensively explored. Investigating the integration of
agile testing practices into the EA development process can enhance the overall quality and reliability
of enterprise architecture.

Another area of future research could investigate how IT procurement can leverage the new agile
enterprise architecture -development method. This integration between procurement and the EA
function of a company is crucial for ensuring that technology purchases align with the overall business
strategy and technical roadmap. This alignment could help in optimizing IT investments, reducing
redundancies, and enhancing the overall efficiency and effectiveness of IT operations.

In summary, future work should focus on quantitatively and qualitatively reviewing the method-
ology through a larger sample size and observation. Long-term empirical testing and validation are
essential to evaluate the effectiveness of the methodology. Additionally, investigating the implemen-
tation of agile EA within organizations and exploring agile testing practices in the context of EA are
promising areas for further research. These efforts will enhance the practical applicability and under-
standing of agile enterprise architecture and contribute to the advancement of digital transformation
practices in organizations.
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Appendix A

Tables

Table 1: Agile practices from [2] & [21]

Agile practice Definition
1 Whole team /

Unattached com-
municative teams
/ Small cross-
functional teams

To ensure the success of a team, it is important to incorporate all essential
skills and perspectives, foster a strong sense of teamwork, and promote
a shared purpose among all team members. This can be achieved by
involving customers, end-users, and other business stakeholders directly
in the project.

2 Project Visibility /
Common knowledge

Efforts should be made to promptly inform the teams of the project’s
current status and offer feedback. This can be achieved by setting up
web-based project dashboards that display real-time updates and metrics
on the project’s progress. These dashboards should also feature the
project’s progress in relation to the user stories that the teams have
agreed to deliver at the end of each iteration.

3 Continuous integra-
tion

It is advisable for team members to frequently integrate their work upon
completing new tasks or changes to identify integration issues and detect
system failures at the earliest possible stage.

4 Test-Driven Devel-
opment / Quality
check

Before writing production code, programmers should write test cases.
Developers should write unit tests before coding and encourage cus-
tomers to write acceptance test cases. Initially, the test case will fail
as there is no corresponding code that implements the particular feature
or condition being tested. Then, the developer writes just enough code
to pass the test or satisfy the current goal, followed by refactoring to
improve readability and remove duplications.

5 Refactoring Improve an existing code base by making it more comprehensible, main-
tainable and enhancing its design without changing its external behavior
or functionality. Refactoring comes in various forms such as simplifying
complex statements, creating reusable code by abstracting common so-
lutions, and eliminating duplicate code. During the refactoring process,
it is important to ensure that all unit test cases in the code base are still
passed.

6 Pair programming This practice requires that two individuals collaborate on writing all
source code by working simultaneously on the same computer. The pro-
grammers take turns as the driver and navigator throughout the day.
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7 Planning game /
Validation

A collaborative process between developers and customers, where the lat-
ter selects the essential User Stories for a brief, gradual delivery. After
the customer has accepted and tested each short implementation incre-
ment, the remaining User Stories are reviewed for potential changes in
requirements or priorities. The Planning Game is then repeated for the
following implementation increment. This planning process is ongoing
and cumulative.

8 Simple design Creating a solution that is uncomplicated and can be executed at the
present moment. It is important to eliminate any unnecessary complexity
or superfluous code as soon as possible. Additional features should only
be added if they are justified. Predicting future needs is discouraged,
and programmers should concentrate on solving present-day problems
using the most cost-effective development approach.

9 Small releases /
Frequent releases

The practice of frequent software releases aims to shorten the feedback
loop from customers by reducing release cycles. Since requirements can
change, it is important to keep release cycles brief and ensure that each
release provides valuable business solutions to the customer. To achieve
this, an initial version of the system is deployed quickly, followed by
iterative releases. At the end of each release, the customer reviews the
product, identifies defects, and adjusts requirements for future releases.

10 Metaphor The aim of this practice is to establish a clear, shared story that provides
developers and customers with a common understanding of the system’s
core functionality. This story serves as a high-level software architecture,
in a way. When choosing a suitable metaphor, developers must broaden
their perspective and analysis of the application under development.

11 Collective Code
Ownership

The code repository should be open to all programmers with no restric-
tions on making changes to any part of the code at any time without
seeking permission from anyone. Any pair of programmers can add value
to any portion of the code whenever they see an opportunity.

12 On-site customer
Customer involve-
ment

To foster effective collaboration and ensure accurate and prioritized re-
quirements, this practice involves having a customer representative as a
member of the development team.

13 Sustainable Pace /
Time boxing

The focus of this practice is on working efficiently and sustainably by
limiting the number of work hours. To avoid the need for overtime, re-
quirements should be selected for each iteration that can be accomplished
within the regular working hours.

14 Open workspace The practice requires developers to work in a shared workspace, prefer-
ably a large room with small cubicles, and to place pair programmers in
the center of the space. The workplace should also have common areas
that encourage open communication among team members.

15 Coding standards To ensure consistency and readability among team members, coding
standards which are easy to follow and collaboratively decided are essen-
tial as developers code different system parts with various team members.
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16 Product Backlog /
Product vision

Create and manage a constantly updated and prioritized list of business
and technical requirements for the system being built or improved that
guides development based on current understanding.

17 Stand-up meetings /
Planning meetings /
Daily discussions

These are brief daily meetings, usually lasting around 15 minutes, that
are held to monitor project progress, address any issues, and coordinate
daily tasks. During the meeting, each team member gives a quick update
on their recent work and progress made.

Table 2: Kanban elements from [7]

Agile practice Definition
1 Kanban method Applied to current work-flow. It suggests an incremental and evolution-

ary approach, and emphasizes the need for ongoing review and improve-
ment of the method.

2 Kanban board The Kanban board visualizes the workflow of creating and delivering a
product/service. Scholars suggest different board designs, including a
design board based on existing activities, the traditional waterfall ap-
proach or a simpler design with three queues - To Do, In Progress, and
Done.

3 Pull system It is the development process that begins with a customer request. This
approach also requires setting a limit on work in progress (WIP) to ensure
that work items are pulled only if the WIP limit has not been reached. It
is also recommended to pull the highest priority items whenever possible.

4 Prioirtized queue Scholars have recommended various methods for setting priority criteria
in the prioritized queue of the Kanban approach. For instance, some
suggest prioritizing work items based on their value, urgency, and im-
portance, while others prioritize based on the cost of delay or resource
availability. Some also suggest having separate queues for each process
on the Kanban board.

5 Inclusion criteria This element is one of the main criteria of the Kanban approach, ensuring
that work added to the board will provide value to the customer.

6 Work-in-progress
(WIP)

The maximum number of work items that can be concurrently processed
in each stage of the workflow is known as WIP. This is a key feature of
the Kanban method and serves as its primary objective.

7 Done item A work item that is completed

8 Reverse item A work item that is being moved backward on the Kanban board, instead
of moving forward. This decisioin must be made after consultation with
customers as this is a de-prioritization of an item

9 Validated learning The process of validating a feature’s value from a business perspective
after it has been completed.
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10 Cycle-time/Lead-
time

The determinant for the process efficiency and effectiveness in measuring
the performance of Kanban. It is the time elapsed from work start to
end to produce a feature or the time between deliveries of items.

11 Performance mea-
surement tool

Measuring the performance of Kanban involves using a cumulative flow
diagram based on cycle time and WIP according to some studies, while
others recommend daily tracking of progress using burn-down charts.

12 Bottleneck A bottleneck refers to a point of congestion where the processing of work
items cannot keep up with the pace of production from the preceding
point. These bottlenecks can be identified through workflow visualization
or by establishing a measure adopted from the theory of constraints.

13 Slack / Buffer The buffer serves several purposes, such as determining the waiting time
for work items in the queue before processing them, handling the varia-
tion in a process’s cycle time, and minimizing bottlenecks.

14 Waste identification In summary, waste is anything that does not contribute to the valuecre-
ation for the customer; hence, it should be removed. Kanban reduces
waste and improves responsiveness to customer requests by identifying
and eliminating wasteful activities.

15 Team collaboration Kanban facilitates communication between team members as well as be-
tween team members and senior management.

16 Meeting structure There is a debate between Researchers of whether meetings are a good
use of time or not. However, 15-min daily stand-up meetings are rec-
ommended. It is important to note that some Researchers advocate of
the meeting length and scope to be decided on the fly by team members.

17 Avatars They are visual representations of the task owner who is responsible for
the respective task

18 Planning and esti-
mation

Planning and retrospective activities are considered important, as they
provide an opportunity for improvement through continuous feedback
from team members.

19 Policies Governing the Kanban approach. They are the dominant guidelines that
outline what work should be done and how it should be done.

20 Feedback loop The main objective of delivering a product through short cycles and
frequent builds is to receive customer feedback. While Researchers
emphasized the importance of a feedback loop, they did not sufficiently
address how Kanban could facilitate customer involvement in providing
feedback.
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Table 3: Construct definition as seen in [59]

Construct Description
Business Projections, Re-
sources, and Supporting
Technologies

Responsible for creating the future operating system. This
model is crucial for company projects and allows for reusing
systems. Its main benefit is supporting system development
with available resources.

The Technical and Functional
Anticipation

Anticipates emergent customer requirements and technolo-
gies that are likely to impact the firm in the near future,
and feeds this information to the "Business Projection, Re-
sources and Supporting Technologies" construct.

The Process Monitoring and
Continuous Optimization

Detects divergences and measures performance components
in organizational structures. Its two main missions are to im-
prove processes and feed information to the "Business Pro-
jection, Resources and Supporting Technologies Model" con-
struct.

Adaptation of Competencies
and Collaboration Types

This construct implements an agile framework for training
and communication, improving HR competencies, motiva-
tion, and collective intelligence. It supports the objectives
of the "Process Monitoring and Continuous Optimization"
model.

Information Systems and
Technological Systems

Covers the operation and control of IT systems using stan-
dardized models such as ITIL and Cobit, as well as new
technologies for information processing and communication,
industrial data processing, and other forms of automation.

Processes Operation Covers rules for current process operations and their execu-
tion structure, whether manual or automated through the
"Information Systems and Technological Systems Model"
construct.

Design Rudimentary Model Creating basic designs using prognoses and viewpoints, pre-
senting them in meetings to formalize plans, sending them
to process operation models, and reducing project risks.
The stakeholder agreement is necessary to implement the
plan, which helps formalize future activities. The input for
this model includes resource project prognoses and protector
technological models.

70



Table 4: Flow description as seen in [59]

Flow Description
1 Feedback on functional/technical incidents during process operation is directed to

resources responsible for corrective maintenance of data processing and information
systems, using a light "anomaly correction" work-flow

2 If there are differences between what was planned for a process and what is actually
happening during the process, this information is sent to the people responsible for
predicting how the process will evolve over time. This helps them to prepare for any
changes or challenges that may arise. The information is shared in a special online
space where everyone can work together to predict and plan for the future.

3 Sharing information about technical and functional trends that have been confirmed
and are important to consider for future information systems development. This
information is shared through a module called "rational Anticipation." The support
for this flow can be in the form of an email notification that directs people to the
collaborative space where this information is shared.

4 When there is new information about the skills and knowledge needed for the in-
stallation of a new production system, this information is used to create new job
descriptions for the people who will be responsible for that work

5 Upon the designation of the role and responsibility of a new system, the information
about it is transferred to the people who will work on updating the system. They
use this information to test how well the system works and make sure it’s doing what
it’s supposed to do. This process is called "integration testing." It’s an important
step in making sure the system is working correctly.

6 Technical transition and installation of the new process, i.e., implementing a new
system or process that has been developed and tested, and replacing the old system
or process with it.

7 Transition of organizational directives, it involves updating the instructions that
employees follow to match the new process. The company may offer training to help
employees learn the new instructions.

8 If there are any problems or differences between what was planned and what is
actually happening in the process, there must be a way to report them in real time.
This is done by using either a document workflow system or an automated monitoring
system to keep track of the issues and their solutions.

9 If there are mistakes or problems in the manual part of a process, steps must be taken
to quickly fix them or find a temporary solution while working on an automated
process. This is maybe done by changing the instructions for how the process should
be done and possibly getting more people to help

10 Sending predictions or forecasts, and also sharing resources and technologies that
have been received.

11 Process of changing from old models to new ones, putting the changes into effect,
keeping track of the progress and making sure everything is formalized properly
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Table 5: Construct definition as seen in [74]

Construct Description
ASF characteris-
tics

Characteristics of the agile framework, such as its intended
usage (project, program, enterprise), integration with EA
thinking, team composition, and available configuration op-
tions are among its descriptive features.

Scope of ASF ap-
plications

The scope and extent of the agile framework can be catego-
rized into two aspects: Reach and Range. Reach pertains to
the extent of the framework’s application within the com-
pany, ranging from a single department to the entire enter-
prise. On the other hand, range refers to the breadth of
functionality enabled by the framework, such as in the case
of a bank, from mortgage services to all services provided.

Attention paid to
EA

The organization’s level of consideration towards Enterprise
Architecture practices, including processes, methods, and
tools, with an intention to take action. One could also argue
whether an organization has specific roles dedicated to EA

Waterfall retain-
ment

The level of stage-gate methods and practices implemented
after adopting the agile framework in the organization. This
could include the use of sequential processes, distinct roles
in subsequent development phases, detailed front-end plans,
extensive documentation, and guidelines and milestones to
be followed throughout the development projects.

Type of agile gov-
ernance

The decision-making authority and accountability structure
to promote favorable actions when implementing and utiliz-
ing Agile and EA within an organization

Process/Service
innovation

Service Innovation can be defined as a new service or a re-
newal of an existing service, which provides benefits to the
organization that developed it. Similarly, process innovation
is defined as a new or significantly enhanced method of pro-
duction or delivery
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Appendix B

Figures

Figure 1: Application of agile vs traditional methods in various project types by [17]
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Figure 2: EA evaluation model by [51]
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Appendix C

Interview Transcripts

This section requires permission to view from the author.
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