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1 INTRODUCTION

1.1  MOTIVATION

In today’s economy, constant change has become the new normal. Since 1960,
the average lifespan of companies on Standard & Poor’s 500 has decreased from
more than 60 to less than 20 years (Satell 2014), which serves as one vivid indicator
of a business world with increasing dynamics. An important driver for this
development is technical progress, which is accelerating. Moore’s law is a
prominent observation of this acceleration, which outlines that the number of
transistors in a dense integrated circuit doubles approximately every two years and
hence is exponentially growing (Moore 1965). While the scope of Moore’s law was
initially restricted to the semiconductor industry, more recent publications, show
that similar observations can be made for technical progress overall. For example,
Kurzweil (Kurzweil 2004) shows that overall technological change is exponentially

accelerating.

Digital transformation is one of the latest effects driven by technical progress
which disrupts existing business models in various industries (Iansiti and Lakhani
2014; Porter and Heppelmann 2015). Examples range from the financial industry,
where young, digital-first companies take away significant market share from long
existing competitors with their online offerings, up to the transportation sector,
where digital platforms enable entirely new business models such as car-sharing
(Bughin and Zeebroeck 2017).

The increasing dynamics in both technology and economy impose significant
challenges for enterprises since there is a constant need to adapt to changing
conditions while ensuring internal alignment at the same time. Since the late
nineteen eighties, the concept of Enterprise Architecture (EA) has evolved as a
discipline and as a method to cope with these challenges and facilitate the
management of information systems in alignment with corresponding business
elements within complex organizations (Lapalme et al. 2016; Zachman 1987).
Today, a variety of practices and frameworks are available, which help to manage

existing architectures of enterprises and to support the transition from a given to a
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future state (Buckl and Schweda 2011; Matthes 2011; Schekkerman 2004). EA has
been and still is an evolving discipline, which is shaped by social progress and

technological advance as well as learning outcomes (Romero and Vernadat 2016).

The initial idea to apply architecture in the context of enterprises to describe,
understand, represent and design different dimensions has been developed and
made popular simultaneously by different groups in the late nineteen eighties and
early nineties (Kotusev 2016; Romero and Vernadat 2016). As a consequence,
several EA frameworks have emerged (Schekkerman 2004), which is also a reason
for the plurality of definitions on EA (Saint-Louis, Morency, and Lapalme 2017).
One frequently referenced basis, the ISO/IEC/IEEE 42010 standard, defines
architecture as: “The fundamental organization of a system, embodied in its
components, their relationships to each other and the environment, and the
principles governing its design and evolution.”” (ISO/IEC 2011). This definition can
be applied to EA by viewing an enterprise as a “system”. The result is a commonly
used definition for EA, which is for example embraced in the TOGAF framework.
TOGAF is one of the most popular EA frameworks (Matthes 2011; The Open Group
2013).

This thesis also embraces the ISO/IEC/IEEE 42010 definition and considers
EA as a discipline which manages the architecture of an enterprise resulting in the

following definition:

“Enterprise Architectures is a discipline which manages the fundamental
organization of an enterprise, embodied in its components, their relationships to each other

and the environment, and the principles governing its design and evolution.”

Based on the definition of EA above, this thesis investigates how the

discipline and its methods can be applied in current times of increasing dynamics.

Information technology takes a unique role within digital transformation
since it is a core enabler for this transformation. Lately, various approaches have
emerged in information technology, which help to cope with the more rapidly

changing business world. Some examples are:

Agile software development - The implementation of IT projects in short
iterations with the goal to release a first version of the product as soon as possible
(Beck et al. 2001);
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DevOps - A practice to bring software developers and IT operations personnel
closer to each other in order to enable a more rapid and more frequent release of
software (Debois 2009);

Cloud Computing - The delivery of IT as a service over the internet on a pay
per use basis, which increases flexibility (Armbrust et al. 2010).

One key objective of Enterprise Architecture is to keep the different facets of
an organization aligned, which includes business interests and the underlying
information systems. Therefore, in a more flexible and more rapidly changing IT

world, also the approaches to Enterprise Architecture must be revised.

Considering the example of agile software development, it will hardly be
possible to define the entire architecture upfront. At the same time, a lack of
Enterprise Architecture in agile environments will likely lead to several problems
such as unnecessary rework, inconsistent communication and especially locally

focused architecture, design and implementation (Gill 2015).

Concerning DevOps practices, there is also a clear dependency to EA. First of
all, to implement and run an organization in a DevOps manner, certain
architectural preconditions need to be fulfilled, such as the availability of suitable
tools and platforms. Moreover, when transforming existing traditional
organizations to a DevOps setup and hence restructuring development and
operations teams, also the future organizational setup of architecture teams needs
to be addressed (Bass, Weber, and Zhu 2015).

Cloud Computing is another example of a concept which is supposed to
increase agility and flexibility in IT. However, this comes at a cost because in order
to leverage these advantages long-term, organizations need to ensure effective
governance of cloud services by addressing architectural challenges for example
related to integration and security (Janulevicius et al. 2017). These challenges
present a typical remit for EA. However, due to the significant paradigm shift
introduced by cloud computing, it needs to be ensured that suitable EA approaches
and methods are selected (Ebneter et al. 2010).

The presented approaches from IT are reasonable attempts to cope with the
increasing dynamics of the business world. However, in order to produce
sustainable results, not only short-term flexibility needs to be pursued, but also

long-term strategic alignment. EA has the potential to play a significant role in
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these new realities of increasing dynamics by enabling organizations to manage
and transform their architectures effectively. However, to do so, the discipline EA
itself needs to evolve and adapt to the changing conditions. This evolution of EA is

investigated in this thesis.

1.2 PROBLEM OUTLINE AND OBJECTIVE

We live in times of increasing dynamics. The effects of digital transformation
enable new companies to be founded and grow swiftly. At the same time, existing
organizations have to adapt more quickly than ever to changing conditions in order

to remain successful (Bughin and Zeebroeck 2017).

The increasing dynamics in economy, in technology and IT have a substantial
impact on transformation activities of enterprises and thereby affect how EA needs
to be practiced. This challenge has been recognized by both scholars (Korhonen et
al. 2016; Lapalme et al. 2016) and practitioners (Matthijssen 2016; O’Neill,
Macgregor, and Livadas 2017). At the same time, the discipline EA is still relatively
immature (Lapalme 2012). Consequently, immaturity can also be observed for the
implementation of EA in many organizations. (van Steenbergen 2011; Winter,
Legner, and Fischbach 2014). The presented observations lead to the conclusion
that the discipline EA will likely need to change in the upcoming years to be useful
in the future, which presents the foundational problem for the research presented

in this work.

Individual authors have come up with first suggestions on how EA should
be practiced given these changing conditions. In the early 2000s years, with the
growing hype around agile methodologies (Beck et al. 2001), first authors have
published research to describe how EA could adopt agile practices and hence
become more effective in dynamic environments (Wagter et al. 2005). Moreover,
very recently there is an increasing interest the subject with various authors
publishing individual research results (Hinkelmann et al. 2016; Korhonen et al.
2016; Korhonen and Halen 2017; Lapalme et al. 2016).

However, a holistic and integrative view on how to practice EA in dynamic
and environments is still missing. At the same time a recent study by Drews (Drews
et al. 2017) asks for further empirical research on the subject.
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In order to address these gaps, this thesis takes an integrative view and aims
to validate, consolidate and potentially enhance existing recommendations.
Moreover, the goal is to present them in an actionable for practitioners so they can

be quickly implemented in actual enterprises.

In conclusion, the objective of this thesis is to describe a future-proof

approach to practice enterprise architecture in increasingly dynamic environments.

1.3 RESEARCH DESCRIPTION

The research presented in this thesis addresses one main research question
(MRQ), which is:

“How can Enterprise Architecture evolve to be effective in times of increasing

dynamics?”

The underlying observation is that economic and technological dynamics are
overall increasing which requires a different way than the current one of working
in EA to be effective.

In order to find a solution to the MRQ the influence of increasing dynamics
on the discipline EA needs to be formally understood and described. Afterwards,
different approaches can be identified and assessed, which enable and ensure the

effectiveness of EA in the light of these changing conditions.

Going forward this work applies a structured approach to address the MRQ
considering the as-is as well as the desired to-be situation of the discipline of EA.
Similar approaches are commonly applied in EA to develop and implement
architectures (The Open Group 2013). However, in the case of this thesis, it is
applied not to an enterprise or a part of it, but the discipline of EA. The structured
approach considers two parts with related individual research questions (RQ), see
also Figure 1:

I. The current state of EA focusing on the discipline itself as well as its
implementation and usage in practice

II. The future state EA considering potential scenarios on how the discipline
can evolve to cope with increasing dynamics
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RQ1: What is the current state of EA as a discipline?

Current State of
Enterprise RQ2: How can the interdependency between the increasing pace of change
Architecture and the discipline EA be described?

L RQ3: What EA approaches need to be applied in order for the discipline

to be effective in dynamic environments?
Future State of

Enterprise RQ4

. : How can a reference architecture for the discipline EA in a dynamic
Architecture

environment be described?

Figure 1: Research Structure of this Thesis

Each of the two parts — current state and future state — is further addressed

with individual research question RQ1 — RQ4, which are presented below.

The first research question (RQ1) is: “What is the current state of Enterprise
Architecture as a discipline?” The first research question of this work focuses on the
overall current state of EA and has the objective to consider the history of the
discipline as well as its current developments. The underlying idea is to provide a
broad foundation for the subsequent analysis in this thesis including a sufficient

repository of relevant literature.

The second research question (RQ2) is: “How can the interdependency between
the increasing pace of change and the discipline EA be described?” The objective is to
understand and describe the relationship between increasing dynamics and the
discipline of EA. Therefore, first, the effects of a changing pace are more closely
considered. Different related concepts, such as dynamic environments as well as
interdependencies between technological and economic change, are defined and
observed over time. In a second step the effects of these changing conditions on EA

are analyzed and summarized in a research model.

The third research question (RQ3) is: “What EA approaches need to be applied in
order for the discipline to be effective in dynamic environments?”. Based on the results
of the overall current state analysis and the identified interaction between
increasing dynamics and EA, the future of EA is investigated. Different approaches
which have the potential to increase the effectiveness of EA in dynamic

environments, are identified and assessed.
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The fourth research question (RQ4) is: “How can a reference architecture for the
discipline EA in a dynamic environment be described?”. The objective is to summarize
a reference architecture with a set of recommended approaches and practices,
which organizations can apply in order to run EA effectively in dynamic

environments.

The combination of the results from current state analysis (I) and future state
analysis (II) will deliver a response to the main research question of this work by
describing a future-proof approach which considers how enterprise architecture

can be run in increasingly dynamic environments.

1.4 STRUCTURE OF THE DISSERTATION

The structure of this dissertation reflects the previously presented research
approach. Figure 2 depicts a graphical overview, which maps the two parts
concerning the current state and future state to the individual chapters of this
dissertation. Moreover, the figure indicates the results presented within the
different chapters as well as the applied research strategies and scientific methods.
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Figure 2: Graphical Overview of Dissertation Structure
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Chapter 2, which is following this introduction, presents the analysis of the
overall current state of EA addressing RQ1. First, a systematic review is conducted
to determine the overall current state of the discipline. To cope with the vast body
of knowledge, which has been generated in about 30 years of EA research, text
mining techniques are utilized to support the systematic review. A particular
emphasis is put on current trends related to the discipline. They are considered
especially important for the investigation of this thesis since they are currently

influencing EA and therefore likely affect the future of the discipline.

In chapter 3, a closer look is taken at the effect of increasing dynamics and its
interaction with the discipline of EA. A formal understanding and description of
how economic and technologic dynamics are currently changing are established.
Subsequently, models for EA effectiveness are considered focusing on the question
how the discipline creates value within organizations. As the last step in chapter 3,
the formal description of increasing dynamics and models for EA effectiveness are
combined to assess how increasingly dynamic environments are impacting EA
effectiveness. The resulting research model is used as a foundation for the

following parts of the thesis

The future state analysis, which is addressed in RQ3 and RQ4, is presented
in chapter 4 and 5 of this work.

In chapter 4, approaches for EA to cope with increasingly dynamic
environments are derived from various sources, such as scientific literature,
existing frameworks as well as industry reports. These approaches are consolidated
and structured using qualitative content analysis. Afterwards, initial validation
and further exploration of these approaches are conducted based on expert
interviews with EA practitioners from various industries and geographies. The
results are structured and consolidated into a list of applicable EA approaches for

dynamic environments.

In order to provide a better consumable format of the identified approaches
for practitioners, chapter 5 presents them in from of a domain reference
architecture. This reference architecture summarizes the approaches and shows
their dependencies. Moreover, it includes graphical representations as well as

formal models using the EA modelling standard ArchiMate.
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The final chapter 6 of this thesis presents a conclusion of the work as well as

an outlook including suggestions for future research.






2 CURRENT STATE OF ENTERPRISE ARCHITECTURE

This chapter presents an overall current state analysis of the discipline
Enterprise Architecture and thereby lays the foundation for the following steps of
this work presented in subsequent chapters. The following research question is
addressed within this chapter (RQ1): “What is the current state of Enterprise
Architecture as a discipline?”

This chapter provides an overall state of the art analysis regarding the
discipline EA to identify the research status as well as current trends which drive

the evolution of the subject.!

The first section of this chapter provides a definition of EA which sets the
scope for the state-of-the-art review. The following two sections describe how this
work’s state of the art review is planned and structured (section 2.2 and 2.3).
Afterward, the information retrieval is explained and how content from various
sources is consolidated (section 2.4). The results of the review are presented
subsequently (sections 2.5 and 2.6). Finally, a discussion and conclusion are given
which also puts the results into the overall context of this thesis (section 2.7).

2.1 DEFINING ENTERPRISE ARCHITECTURE

In order to conduct a state-of-the-art review a crucial first step is to define the
subject which should be reviewed. As already pointed out, this study embraces the
ISO/TIEC/IEEE 42010:2011 (ISO/IEC 2011) definition and considers EA to be a
discipline that manages the architecture of an enterprise, thereby resulting in the
following definition: “Enterprise Architecture is a discipline that manages the
fundamental organization of an enterprise, which is embodied in its components, their

! The content of this chapter has been partly published within the September
2018 issue of Computers in Industry (Gampfer et al. 2018).
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relationships to one another and the environment, and the principles that govern its design

and evolution.”

While the previously presented definition of EA based on the ISO/IEC/IEEE
42010 standard is commonly referenced and accepted by scholars and practitioners,
a major difference can be found in how the scope of EA is interpreted. Based on
the definition above, EA appears to be specifically concerned with the level of an
entire organization where business aspects are included. However, EA is not
supposed to solely create a holistic and detailed model of the entire enterprise but
relies on various architecture subdomains, which deliver aggregates (Aier, Riege,
and Winter 2008; Fischer and Winter 2007). Therefore, a main concern of EA is to
integrate the various architectural domains on which it depends (Jonkers et al.
2006). Other architectural disciplines such as Information Systems (IS) Architecture
and Information Technology (IT) Architecture perform similar integrative tasks on
lower levels and therefore can be considered parts of an extended EA. Figure 3
summarizes the described narrow and extended views of EA and outlines how
they relate to different architectural subdomains.

Enterprise Architecture
(extended view)

Business Architecture

2 o
g £ - :
23 > 2 o Application Architecture
52 g @ 3
e > = - 9
<z = 52
g2 S 3 85
s S F 8 £Z .
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2 2 =
Ll © <
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=
= Technology Architecture

Figure 3: EA definition, narrow and extended views

Lapalme (Lapalme 2012) similarly describes the current differences in the
interpretation of EA scope and purpose of EA summarizes the major schools of
thought regarding EA, see Table 1.
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The school with the narrowest scope is called Enterprise IT Architecting. It
considers EA only for the alignment of IT with the business of an enterprise. The
Enterprise Integrating school of thought presents a more extended view of EA which
includes all facets of an enterprise where enterprise IT is just one facet. Lapalme
describes a further extended perspective of EA as school of Enterprise Ecological
Adaption, which includes all facets of an enterprise including its relationship to its
environment. Since a central element of this thesis is the effect of the technological
and economic pace of change, which is external to an enterprise, this thesis
embraces the school of Enterprise Ecological Adaption for EA as presented by

Lapalme.

Table 1: Schools of thought regarding enterprise architecture (Lapalme 2012)

Scope Purpose
Enterprise IT The enterprise-wide IT platform, Effectively execute and operate the
Architecting including all components overall enterprise strategy for
(software, hardware, and so on) of | maintaining a competitive
the enterprise IT assets advantage by aligning the business
and IT strategies such that the
proper IT capabilities are developed
to support current and future
business needs
Enterprise The enterprise as a sociocultural, Effectively implement the overall
Integrating techno-economic system, enterprise strategy by designing the
including all facets of the various enterprise facets
enterprise (where enterprise ITis | (governance structures, IT
just one facet) capabilities, remuneration policies,
work design, and so on) to
maximize coherency between them
and minimize contradictions
Enterprise The enterprise in its environment, | Help the organization innovate and
Ecological including not only the enterprise | adapt by designing the various
Adaptation but also its environment and the enterprise facets to maximize
bidirectional relationship and organizational learning throughout
transactions between the the enterprise
enterprise and its environment
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2.2 PLANNING THE STATE-OF-THE-ART REVIEW

Ever since the introduction of the discipline, many publications have been
written related to EA. Among the scientific publications are already a few state-of-
the-art reviews which attempt to summarize and structure the work which has
been done on the subject. These existing reviews are a starting point for the state-

of-the-art analysis in this thesis.

There are several reviews which address the subject EA overall. The origins
of EA are analyzed and presented by Kotusev (Kotusev 2016). Buckl and Schweda
(Buckl and Schweda 2011) provide a detailed and at the time of publishing
comprehensive review on EA, which focuses on EA frameworks and how they
compare to each other. In contrast, Aier et al. (Aier, Riege, and Winter 2008) present
a condensed view of current literature and practices related to EA. Saint-Louis and
Lapalme (Saint-Louis and Lapalme 2016) have recently published a systematic
mapping study on EA to address the current situation of diverse perspectives on
EA. They provide an in-depth analysis of about 200 publications. Moreover, Saint-
Louis, Morency and Lapalme (Saint-Louis, Morency, and Lapalme 2017) provide a

structured analysis with a similar scope comparing various definitions of EA.

In addition to the work that addresses the discipline as a whole, there are the
various state of the art reviews available, which focus on specific aspects of EA:
Niemi (Niemi 2006) focuses on the review of EA benefits in literature and practice.
Stelzer (Stelzer 2009) considers EA principles in closer detail and evaluates how
they have been addressed in scientific publications. A review of available work on
critical issues in EA is provided by Lucke et al. (Lucke, Krell, and Lechner 2010).
Further publications offer literature reviews on specific aspects of EA like EA
evaluation by Andersen and Carugati (Andersen and Carugati 2014), EA
implementation methodologies have been described by Rouhani et al. (Rouhani et
al. 2015), EA analysis in combination with network thinking by Santana et al.
(Santana A., Fischbach K., and Moura H. 2016) and EA measurement by Abdallah
et al. (Abdallah, Lapalme, and Abran 2016).

Both publications lead by Saint-Louis mention as a limitation that they only

cover a limited number of articles from selected journals. This can be confirmed by
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querying for “Enterprise Architecture” on academic databases which shows that

far more scientific contributions on the subject exist?.

At the time when this work was conducted, there was no state-of-the-art
review available which includes the extended amount of publications on EA.
Therefore, such a review has been created as part of this thesis and the results are
presented here. In the state-of-the-art review, the previously introduced extended
view of EA is taken as a basis, which is in line to provide a holistic view of EA as a

discipline.

2.3 STRUCTURING THE STATE-OF-THE-ART REVIEW

The state-of-the-art review presented in this thesis provides an extended
view of enterprise architecture by analyzing about 4.000 related journal articles and
conference proceedings. The goal is to reveal additional findings of the dynamics
of the discipline that have not been mentioned in earlier EA reviews and especially
develop an understanding of the overall current state of the subject to address RQ1
of this thesis.

Due to the vast amount of publications, the methodology applied within the
review leverages artificial intelligence technologies such as text mining or natural
language processing (Moreno and Redondo 2016) in combination with traditional
full-text reading approaches. By applying text mining techniques multiple
questions concerning the past, the present as well as to some extent the future of
scientific research on EA can be systematically addressed. The focus of this state-
of-the-art review are academic contributions. However, due to the
interdependency of academic research and the way the discipline is practiced
(Marrone and Hammerle 2016), also a comparison with practitioner trends is
considered valuable for the context of this thesis. To investigate the future
development of the subject an approach integrating academic and practitioner

viewpoints is taken.

2 For example, a query for “Enterprise Architecture” at Web of Science on 07.11.2017

returns 1876 results (http://webofknowledge.com) and the same query at ScienceDirect

returns 1432 results (http://www.sciencedirect.com)



http://webofknowledge.com/
http://www.sciencedirect.com/
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This work’s state of the art review is structured by using two research
questions which build upon RQ1. This approach ensures a telic review which is
aligned with the overall goal of the thesis.

The first research question of the state-of-the-art analysis is (RQ1.1): “What is
the current focus of Enterprise Architecture research and how did it develop over time?”
RQ1.1 considers subtopics related to EA and their development since the discipline
has been introduced in the 1980s.

The second research question addressed by the state-of-the-art analysis is
(RQ1.2): “What are current and future Enterprise Architecture research trends?” RQ1.2
focuses on today’s EA research trends. The goal is to identify current trends that
appear to have a significant impact on the discipline EA. The analysis is supposed
to focus on how they have developed in recent years and to predict how they will
evolve in the future. RQ1.2 does not only consider on the academic side of EA but
also the practitioner point of view. For example, recently introduced and trending
industry practices might potentially influence EA in the future. Therefore, the
Gartner hype cycle for enterprise architecture (Blosch and Burton 2017), which
determines practitioner EA trends, is taken as an additional input and compared

with the findings from academic sources.

2.3.1 Classifying the State-of-the-Art Review

Fettke suggests a classification scheme for literature reviews and applies it to
several examples in the area of business informatics (Fettke 2006). To investigate
how the text mining based approach compares to traditional literature reviews, this
review is classified according to Fettke’s classification scheme. The results are

depicted in Table 2 and the classification of this review is marked in green.

The major difference between the approach of this work and other manual
literature reviews is reflected in Fettke’s attribute type. All business informatics
literature reviews investigated by Fettke are based on natural language, which
means that the reviewers read and interpret the content of publications. Fettke’s
second option for the type is mathematical-statistical. This type of review is not
reflected in the reviews investigated by Fettke. However, he considers his work to
be mathematical-statistical. This work’s text mining based literature review approach
can be considered a combination of both types suggested by Fettke. This work
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applies Natural Language Processing (Moreno and Redondo 2016) to deduct
statistical data from natural language which can, later on, be analyzed using

mathematical methods.

Table 2: Classification of the review according to Fettke's scheme

Review Characteristic Classification Results (this review marked in green)
Type natural language mathematical-statistical
research research theory experience
Focus
results method
Formulation not explicit explicit
Target . - . :
Content integration ‘ Criticism ‘ central topics
Perspective neutral position
. Selection not explicit explicit
Literature . - . -
Extensiveness | foundations ‘ representative | selective ’ complete
Structure historical ‘ Thematically ‘ methodical
common practitioners | common | specialized
Target Group .
public research researcher
Future Research not explicit explicit

Given the confirmation that there is a significant difference between the
approach of this work and manual literature reviews in business informatics when
it comes to the way the analysis is conducted, a process model is suggested to guide
the research methodology which is presented in the next subsection and applied

throughout the review.

2.3.2 Conduction a Text Mining Supported State-of-the-Art Review

In the late 1990s, the first researchers started to apply text mining to support
their literature reviews. The approach was especially popular in the area of
medicine and biology (Andrade and Bork 2000) when it was first introduced.
Today, text mining technologies are more commonly used to support systematic
reviews across various research areas.’ However, they are certainly not yet fully
established in practice (Thomas, McNaught, and Ananiadou 2011).

The methodology applied in this work leverages the learnings from previous

studies which use text mining to support systematic reviews: Felizardo et al.

3 See Appendix A.1 for an overview of the text mining methods applied within this work.
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describe an approach which combines classical methods for the initial phases of a
review with text mining support for the later stages (Felizardo et al. 2010). Thomas
et al. describe that search and analysis phase of a literature review can be supported
by text mining (Thomas, McNaught, and Ananiadou 2011). Therefore, traditional
literature review methodologies (Petersen et al. 2008) are combined with state of
the art text mining approaches (Fan et al. 2006) into a process model, which is used

for the analysis described in this work.

Chapman et al. point out a general approach for text mining in their
publication, the CRISP-DM model (Chapman et al. 2000). The CRISP-DM model
identifies business understanding as the initial starting point. Clearly defined
research questions are the basis for data understanding which complements the
selection process. The following steps comprise data preparation and modelling.
These repetitive activities improve their results in each iteration. The results later
lead to evaluation and deployment into business practices or they lead back to the
business understanding to cycle input variables until the results meet the

requirements.

The process model of this work leverages the iterative text mining practices
of the CRISP-DM model and derive the methodology presented in Figure 4.

First, after the alignment of objectives, the review activities are kicked-off at
stage ‘Review Initiation’. Based on the objectives and focus points, the research is
discussed. When goals, research questions and scope are fixed, the information
retrieval process can be started at stage ‘Search for Publications’. Once the selection
of the proper corpus of documents is completed, the iterative text mining process

is started.

The iterative part starts with planning the iteration, which includes setting
the goal of the current analysis as well as choosing appropriate text-mining
methods, which pre-defines how subsequent steps like data preparation need to be
executed, i.e., in which format data need to be pre-processed. Afterward, the data
pool is adjusted and transformed accordingly. In the third phase, the analysis is
conducted. Finally, in the fourth phase, the results are interpreted, and it is decided
whether goals have been achieved or whether further iteration processes are

required.
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Figure 4: A process model for applying text mining in systematic reviews

After the results are evaluated, the interpretation starts. Subsequently, it
needs to be verified that the results which have been obtained correctly address the
previously defined review questions. If this is not the case, it is necessary to go back
in the process. Consequently, the review questions and the search for publications
should be assessed and potentially adjusted, which likely requires another text
mining iteration as well. If the review questions are finally correctly addressed, the
results are visualized and prepared for publication in an appropriate way for the

audience at the last stage ‘Communication’.

The presented process model has been applied throughout the entire review
presented in this thesis. Based on the experiences within this work, the approach

can be recommended for similar analyses.*

¢ The presented process model as well as the learnings which resulted from its application
have been incorporated in a separately published journal article (Rudiger Buchkremer et
al. 2019)
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24 DISCOVERING AND CONSOLIDATING THE BODY OF ACADEMIC
ENTERPRISE ARCHITECTURE KNOWLEDGE

The search for scientific publications which serve as input to the state-of-the-
art review is done in multiple relevant databases. The results are consolidated, a
selection process is applied to include only publications that are relevant for the
work described in this thesis and data items that could corrupt the results of the

analysis, such as duplicate publications, are excluded.

The text mining analysis is based on the title, abstract and tags of the
publications. The full text of the publications is deliberately not analyzed. Schuemie
et al. show that the information density is highest in abstracts compared to other
sections of a publication (Schuemie et al. 2004). Moreover, this approach enables to
avoid two issues: First, linguistic specifics of abstracts and full texts are different
and would require separate analytical methods (Cohen et al. 2010). Second,
copyright, licensing and lawful access to scientific full-text content for text mining
is difficult (O’Mara-Eves et al. 2015), especially since records from multiple sources
are supposed to be combined. Finally, due to the purpose and scope of this analysis,
which is about categorization, topic identification and trend analysis, the decision
is taken that the information contained in title, abstract and tags are sufficient for

this current work.

To retrieve relevant publications, the following databases have been queried

on November 1st, 2016:
e IEEE Xplore (http://www.ieee.org/web/publications/xplore/)

e Science Direct — Elsevier (http://www.elsevier.com)

e Springer Link (http://www.springerlink.com)
e Web of Science — Thomson Reuters (http://webofknowledge.com)
e ACM Guide to Computing Literature (http://dl.acm.org/)

For all databases, the following combined search string was used: “enterprise
architecture” OR "information systems architecture” OR "information technology
architecture” OR "business-IT alignment”. In recent years, the term “Enterprise
Architecture” has been well-established and has been used throughout scientific
and practitioner communities to identify the subject. However, especially in the
early years of the discipline, other terms have been used, which explains the
extension of the search string with queries that include “information systems


http://www.ieee.org/web/publications/xplore/
http://www.elsevier.com/
http://www.springerlink.com/
http://webofknowledge.com/

CURRENT STATE OF ENTERPRISE ARCHITECTURE 21

architecture” and “information technology architecture”. EA has been primarily
called “Information Systems (IS) Architecture” in its early years (Zachman 1987).
“Information Technology (IT) Architecture” is a part of EA, which is addressed
individually in some cases (Jeanna W. Ross and Westerman 2004) but also in the
full context of EA. “Business-IT Alignment” is a closely related subject, which is
considered to be part of EA. While EA considers all aspects of an organization
combined, the alignment between business and IT is a relevant part of this (Buckl
and Schweda 2011; van Steenbergen 2011).

The results retrieved from all databases have been exported and consolidated
in BibTeX format. The information of the individual results is validated and
completed using the Digital Object Identifier (DOI) lookup.

After the consolidated results from various literature databases are present,
a selection process based on inclusion and exclusion criteria is performed. English
peer-reviewed publications of the type of Conference Proceedings and Journal
Article, which are related to the subject Enterprise Architecture are included. Only
those published in or after 1987 are included since it is commonly regarded as the
year in which EA became popular with Zachman’s publication on EA (Zachman
1987). Any publication not in English is excluded since the clear majority of
publications is in English and other languages would need to be treated as separate
data sets in the text mining analysis. Also, duplicates, as well as records without

abstract, are excluded since the abstract is needed for the text mining analysis.

Based on the inclusion and exclusion criteria, the following selection process

is applied, see also Figure 5.

IEEE Xplore
ScienceDirect
(Elsevier) Exclude by Exclude
n=6056 Item Type, n=5421 . n=4318 | Excludeno | p=3799
. . Duplicates and
Springer Link Language and Announce- Abstract
Publication | a=3013 a=2597 Available a=2275
Web of Science Date ¢=2408 ments c=1721 c=1524
(Thomson Reuters)
ACM Guide to

Computing Literature

n: Total Number of Items
a: Number of Journal Articles
¢: Number of Conference Papers

Figure 5: Publication search and selection process for state-of-the-art analysis
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1. Consolidate results from all selected sources
2. Exclude by item type, language and publication date
a. Exclude any item which is not of type Conference Proceeding or
Journal Article
b. Exclude any item which is not in English
c. Exclude any item which is not published after 1987
3. Exclude duplicates and announcements
a. Exclude duplicate studies
b. Exclude items which contain no actual research results (like
announcements of an issue)
4. Exclude no abstract available

a. Exclude any items for which there is no abstract available

Finally, 3799 records are selected as input data for the text mining analysis.
For validation purposes, 10% randomly selected publications are reviewed to
ensure that the data corpus resembles articles that are compliant with the extended
view on enterprise architecture, as described in section 2.1. To further validate the
extended view of enterprise architecture, the dataset was split into two clusters —
one that is compliant with the narrow view of EA (1517 publications; 40% of the
corpus), from now on called “narrow EA”, and one that consists of the remaining
data, which is called “not-narrow EA”. To confirm that the contents of clusters
narrow EA and not-narrow EA are in line with the proposed EA terminology,
clustering analysis is performed based on maximum entropy classifiers. It is
confirmed that the articles that do not specifically mention EA are driven by the
following descriptive terms: “Information Systems Architecture”, “Information
System Architecture” and “Information Technology Architecture”. These
preliminary analytical results support the extended text-mining-based approach
since 1) the number of articles that specifically mention EA is sufficiently high to
justify an automated review and 2) the articles that do not specifically mention EA
can be considered as part of an extended EA and hence serve as a basis for the

objective of providing a view beyond the horizon.

The dataset, especially the distribution of publications throughout the years,
can be used as first observations about the history of EA and the scientific relevance
of the topic; see Figure 6. From 1987 to 2015, the number of peer-reviewed

publications on EA increased by 21% per year on average. In comparison, the total
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number of scientific publications has grown by approximately 3% per year on
average (Jinha 2010), while the number of IT publications has grown by
approximately 5%?°. Therefore, it can be concluded that EA has remained a topic of
interest since it was first introduced in 1987. Moreover, the scientific interest in EA

has grown significantly more than that in IT overall.
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Figure 6: Overview of publications related to EA by publication year

2.5 HISTORICAL DEVELOPMENT OF ENTERPRISE ARCHITECTURE UP TO
TODAY

This subsection presents the result to the first research question of the state-
of-the-art analysis is (RQ1.1): “What is the current focus of Enterprise Architecture
research and how did it develop over time?”

A semi-supervised learning approach is applied to get a holistic view and to
evaluate how the focus of EA research has changed over time. Classification
schemes and related search queries that have been selected according to earlier

reviewers are used to support this part of the analysis.

5 Based on a query of Web of Science for IT publications on 14.03.2017 (Thomson Reuters
2017)
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2.5.1 A Taxonomy for Enterprise Architecture Research

As an additional input to this work, already existing EA literature reviews
are considered. These reviews have also been presented in section 2.2 of this thesis
(Aier, Riege, and Winter 2008; Andersen and Carugati 2014; Buckl and Schweda
2011; Lucke, Krell, and Lechner 2010; Niemi 2006; Rouhani et al. 2015; Santana A.,
Fischbach K., and Moura H. 2016; Stelzer 2009).

We used existing reviews to derive a taxonomy with two categorization
hierarchies for structuring the whole topic of EA. The taxonomy is used as part of
the analysis to classify available publications and analyze changes throughout the
past years. The following main categories of EA research are defined:

e EA Understanding refers to architecture content and how it can be
represented. Key concepts of this subcategory are the definition of
architectural building blocks, their interdependencies, views and
viewpoints as well as reference architectures.

e EA Modelling refers to the creation and management of architecture
models. Key concepts of this subcategory are EA modelling languages,
modelling tools which support the creation of EA models, modelling
concepts as well as modelling deliverables.

e EA Management refers to how EA as a discipline is applied and managed.
Key concepts of this subcategory are the development and
implementation of architectures, their lifecycle, EA governance and
development of the EA competency.

For each of the three main categories, four subcategories are identified, see
Figure 7 below. The tag data available from the EA publications, which have been
collected, is used to validate the applicability of the taxonomy. Each tag which is
used in more than 20 documents of the data set is assigned it to the matching
subcategory. This validates the relevance of each subcategory by confirming that

there is related data within the dataset.
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Figure 7: A taxonomy for EA research

Another essential reference for structuring the subject EA is the structure of
EA frameworks. The presented taxonomy, which is derived from previous
literature reviews, can be mapped to the structure of EA frameworks. This is
demonstrated using the TOGAF framework as an example since it is one of the
most popular EA frameworks (Matthes 2011), see Table 3. The successful mapping
confirms the validity of the developed taxonomy and can be valuable for readers
familiar with the TOGAF framework to better understand the approach of this

work.

Table 3: Mapping of the work’s EA taxonomy to the TOGAF framework

Taxonomy Subcategory | Related TOGAF Parts

EA Understanding Part IV Architecture Content Framework
Part V Enterprise Continuum & Tools

EA Modelling Part VI TOGAF Reference Models

EA Management Part II Architecture Development Method
Part III ADM Guidelines and Techniques
Part VII Architecture Capability Framework
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It is worth noting that the TOGAF framework is not primarily focused on EA
Modelling. This work’s category EA modelling encompasses significantly more
than described in “Part VI TOGAF Reference Models”. For example, The Open
Group, owner of the TOGAF framework, maintains the EA Modelling language
ArchiMate separate from the TOGAF framework. The research focused on
ArchiMate and other EA Modelling languages are considered part of the category
EA Modelling.

2.5.2 The shift from EA to EA Management

To conduct the analysis, first manually 10% of the records were categorized.
This equates 380 EA publications which are randomly selected from the
consolidated dataset. The documents are manually categorized by reading them
and assigning them to the most suitable category of the presented taxonomy. These
manually categorized records serve as a test and training data set within the text
mining analysis.

Both an unsupervised and supervised learning approach has been applied
using the software products SAS Content Categorization Studio (SAS Institute Inc.
2017) and Rapidminer (RapidMiner Inc. 2017). As an input for the text mining
processor, the title, the tags and the abstract of the publication are supplied.
Unsupervised learning does not yield acceptable results, which is reflected in high
classification errors (>40%) that can be traced back to the fact that automatically
selected categorization terms are not meaningful from a content perspective but
rather related to linguistic differences between texts written in different years — in
this case, 30 years. These deficiencies of unsupervised learning can be addressed in
a supervised approach, which is why this kind of method is selected for the first
review question. The graph in Figure 8 shows the analysis results.
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Figure 8: History of EA research focus

From the analysis results, it is evident that in the first years after the
introduction of EA, publications focused on EA Understanding. This is reasonable
since it was essential first to understand how various concepts such as EA building
blocks and their dependencies need to be defined. In recent years, the focus has
shifted from EA Understanding to EA Management. This is also reflected in the
fact that many publications talk about “Enterprise Architecture Management”
(EAM) instead of solely “Enterprise Architecture” (EA). Various challenges in
today’s EA do not relate to the definition of EA and its parts anymore; they instead
focus on the questions how EA can be successfully applied and managed in the
context of organizations to deliver value. These kinds of challenges are addressed
in the papers focused on EA Management, see for example Foorthuis et al.
(Foorthuis et al. 2016). The shift within the discipline from EA Understanding to
EA Management is also described by Lankhorst (Lankhorst 2013) and Steenbergen
(van Steenbergen 2011). The results of this analysis confirm their statements based

on the comprehensive data set of this review.

Nevertheless, a significant amount of current publications is still focused on
EA Understanding and addresses challenges related to the plurality of definitions
on EA, which to a certain extent still exists today. Lapalme reviews the different

schools of thought regarding EA in a recent publication (Lapalme 2012).
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According to the analysis of this work, EA modelling has continuously
remained to be a portion of the publications on EA, which is significantly less than
EA Understanding and EA Management though. However, the share of
publications on EA Modelling has not declined over time as assumed by
Steenbergeben (van Steenbergen 2011). This category of EA research has still
relevance today, which is reflected in the work that is done around the EA
modelling language ArchiMate for example. Also, the current general trend of
analytics and artificial intelligence fosters the recent interest in EA Modelling.
Several current studies address the machine readability of EA models to assess
them automatically and derive relevant information for decision making, see for

example Hinkelmann et al. (Hinkelmann et al. 2016).

2.6 CURRENT AND FUTURE TRENDS IN ENTERPRISE ARCHITECTURE

This subsection addresses the second research question of the state-of-the-art
analysis (RQ1.2): “What are current and future Enterprise Architecture research trends?”
In case a particular area of EA receives increased attention, more articles will be
published within a time frame. This is defined as a trend. Text-mining based trend
detection (Kontostathis et al. 2004) is leveraged to identify and measure these areas
of increased attention. Afterward, trends with the most substantial impact are
investigated in closer detail by considering individual publications. Moreover, a
comparison of this work’s results with those of the Gartner Hype Cycle for
Enterprise Architecture is conducted to understand the relationship of academic
and practitioner EA trends better.

For the subsequently presented EA trend analysis, an approach combining
supervised and unsupervised learning is applied. First, a partly supervised topic
identification method is used to identify and investigate various trends. In a second
step, a fully unsupervised cluster analysis is used to assess the context of the
identified trends. The results of both steps are used to investigate trends with the

strongest impact in closer detail afterward.

2.6.1 Identifying, Measuring and Forecasting of Current EA Trends

In the first step of this analysis, trends need to be identified which is done by
applying a partly supervised topic identification, using the software products SAS
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Content Categorization Studio (SAS Institute Inc. 2017) and R (The R Foundation
2017). The data set is separated into two groups: documents published recently
(2015-2016) and those published earlier (2002-2014). Publications from before 2002
are excluded since this part of the analysis focuses on current trends. Therefore,
documents released more than 15 years ago are considered to be neglectable here.
First, characteristic terms which distinguish recent from earlier documents are
identified to conduct the analysis using maximum entropy classifiers, for details on
the method see appendix A.l. This results in the following list of terms: adapt,
agenda, agile, big data, cloud, complexity theory, consensus, consumer, cyber, distribution,
entrepreneurial, message, objectives, preliminary, publishing, quickly, similarity, smart,
statistical, sustainable, things. In the second analysis step, the resulting terms and
related documents are manually reviewed to identify content-wise relevant
subjects. Terms which could not be mapped to a subject have been excluded from

the subsequent analysis. Table 4 shows the results.

Table 4: Characteristic terms of recent EA publications and identified trends

Identified Terms Related Subject / Trend

cloud Cloud Computing and Enterprise Architecture
complexity theory Complexity Theory and Enterprise Architecture
agile OR adapt Agile or Adaptive Enterprise Architecture

big data Big Data and Enterprise Architecture

things Internet of Things (IoT) and Enterprise Architecture
entrepreneurial Entrepreneurship and Enterprise Architecture
smart Smart Machines and Enterprise Architecture
sustainable Sustainability and Enterprise Architecture

Over time, the number of documents related to each of the identified trends
is considered relative to the total number of publications of a given year. In addition
to evaluating the past development of the identified trends, prognosis is
determined using an Auto ARIMA Model (Asteriou and Hall 2015) up to 2020. The
results are depicted in Figure 9.

According to the analysis and forecast, Cloud Computing is and will remain
the trend with the most substantial impact on scientific EA publications. The trend
with the strongest growth in impact, according to the forecast, is Internet of Things
(IoT).
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Figure 9: History and forecast of research trends in scientific EA literature

To better understand the relationships of EA with the identified trends, also

the extent to which these trends appear in the clusters “narrow EA” or “not-narrow

EA” is investigated, which are described in section 2.4. According to Table 5, six

trends are significantly present in each cluster with minor quantitative differences.

Entrepreneurship is significantly present only in the “not-narrow EA” cluster,

complexity theory is almost exclusively present in the “narrow-EA” cluster, and all

other trends are present in both clusters.

Table 5: Distribution of Trends that are Related to Articles in Clusters “narrow EA” and “not-narrower EA”

Number of Publications Related to Trend
Trend Total Narrow EA | Not-Narrow EA
Agile / Adaptive 180 90 (50%) 90 (50%)
Cloud Computing 161 66 (41%) 95 (59%)
Big Data 39 14 (36%) 25 (64%)
Complexity Theory 17 16 (94%) 1 (6%)
Entrepreneurship 50 7 (14%) 43 (86%)
Smart Machines 61 17 (28%) 44 (72%)
Sustainability 117 36 (31%) 81 (69%)
IoT 29 7 (24%) 22 (76%)
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2.6.2 Understanding the Context of Current EA Trends

To better understand the context of the identified trends, an unsupervised
cluster analysis for topic detection is applied. The text mining software Rapidminer
(RapidMiner Inc. 2017) is used for this part of the analysis. The basis for this step is
the same corpus including the publications from 2002 — 2016.

The idea is to split the documents into timely hierarchical groups and identify
clusters in each document group. Comparing the clusters and their descriptive
terms provide an idea of how the discipline EA has developed over time. For details

on the applied text mining techniques refer to Appendix A.1 of this work.

The Davis Bouldin Index indicates how precisely the cluster centers differ
from each other and therefore offers an excellent measure to optimize the cluster
count. The optimized Davis Bouldin Index for 0 — 20 cluster centers is considered.
The documents are split into three corpora: A) 2002-2006, B) 2007-2011, C) 2012-
2016. The optimal count of clusters is derived from counting the Davis Bouldin
Index of each document group. The lowest average index was found at cluster
count of seven. Based on this optimization of cluster counts the 10 most important
descriptive terms are exported. This is done for seven clusters in each document
group. Appendix A.2 shows the full results. Afterward, the descriptive terms can
be compared to understand whether and how the clusters changed over time.

Only some topics are present in multiple document sets. It is noteworthy that
the topic “Healthcare” is constantly present in all periods (see clusters A7, B5, C7).
Healthcare comes up as a topic also in similar cluster analysis for other IT related
research area (Lu and Liu 2016; Rekik et al. 2018). This is presumably because
healthcare related publications include distinctive language which separates them
from the rest. When looking at the individual papers of the healthcare clusters, it
can be observed that these are for example case studies or specific reference models
for the medical sector. The same observation can be made for another application
area of EA — “Manufacturing”. It is represented in clusters A3, B2, C2. Based on
these observations and given the previously identified trend around EA and
Entrepreneurship a closer look is taken at EA application areas, see results in
section 2.6.3.7.

Many further observations can be made from the results of the unsupervised

cluster analysis. However, often these raise various questions when considered
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separately. Therefore, this work does not rely only on this part of the analysis only
but combines it with the findings presented earlier. Thus, a comprehensive view of
EA trends can be obtained.

2.6.3 A Closer Look at Individual EA Trends

In the next step of the analysis, the results of the partly supervised topic
identification are combined with the observations of the cluster analysis to
investigate various trends in a broader context. Each trend is considered in a

separate section below.

In addition, the findings are cross-checked with the results of the Gartner
Hype Cycle for Enterprise Architecture, which is available for the years 2010 to
2017 (Blosch and Burton 2017). Gartner’s Hype Cycle is a structured, qualitative
analytical tool for trend analysis, which is based on surveys and expert judgment
(Fenn, Raskino, and Burton 2017). Even though Gartner’s research has a dominant
position in practice, it has so far received limited attention from academics
(Dedehayir and Steinert 2016; O’Leary 2008). As previously argued this work seeks
to understand the relationship of the results, derived from academic sources, with
EA in practice and therefore refers to the Hype Cycle. Moreover, from the
comparison of this work’s results with the ones from the Gartner Hype Cycle
provide interesting insights since both use a different methodology and have a
different focus but apply to the same subject (see the comparison in Table 6).

Table 6: Comparison of this work’s trend analysis with the Gartner Hype Cycle

This Work’s Trend Analysis | Gartner Hype Cycle for EA
Methodology | Data Analysis Surveys and Expert Judgement
Focus Scientific Industry
Subject Enterprise Architecture Enterprise Architecture

2.6.3.1 Cloud Computing and Enterprise Architecture

According to this work’s analysis, Cloud Computing (Armbrust et al. 2010)
is currently and will be the trend until 2020 with the strongest impact on scientific

EA publications. This is plausible since it has changed the way services can be
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designed, build, operated and consumed. Therefore, it has a major impact on all
layers of an EA (Ebneter et al. 2010).

The relevance of the trend Cloud Computing for EA is not restricted to the
scientific space only. It can be confirmed for practitioners as well, considering the
Gartner Hype Cycle. Cloud Computing comes up within the Hype Cycle from 2011
and is considered a strong trend (“At the Peak” within the Hype Cycle) up to 2016.
In 2017 Cloud Computing is first ranked as “Sliding Into the Trough”. It is worth
noting that the trend is entirely missing in Gartner’s EA hype cycles before 2011
while scientific publications pick it up in 2008 already. In 2010, 4.14% of scientific
EA publications addressed Cloud Computing.

The findings of the cluster analysis demonstrate that “security” and
“privacy” is closely related to EA Cloud Computing. In general, security and
privacy are prominent topics for Cloud Computing because services are commonly
consumed via the public internet, which allows traffic to be intercepted (Zissis and
Lekkas 2012). Moreover, the fact that data of cloud services are typically not stored
at the consumer’s site but the provider presents a challenge considering data
privacy regulations, especially in international setups. Enterprise Architecture can
help to address these challenges of Cloud Computing in a systematic, vendor-

neutral way (Janulevicius et al. 2017).

2.6.3.2  Adaptive or Agile Enterprise Architecture

Another trend appears to be prominent that proposes a reconceptualization
of EA so that the discipline and the resulting architectures are more adaptive to
changes (Korhonen et al. 2016). The trend is driven by the increasing pace of change
in and in the convergence of both business and IT (Lapalme et al. 2016). Different
authors and publications refer to the topic either as Adaptive (Korhonen et al. 2016;
Zimmermann et al. 2014) or Agile EA (Gill 2015).

Considering the results of this work’s trend analysis, it is noteworthy that this
trend has already received significant attention since 2002 and has been addressed
continuously throughout recent years. In 2015 and 2016 there is another spike in
the share of EA publications which address the subject. Earlier papers address the
subject especially for the manufacturing industry in the context of “agile
manufacturing” and “virtual enterprise” which were popular around 2002 (Aerts,
Szirbik, and Goossenaerts 2002; Zhou and Nagi 2002). More recent publications
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address the topic not only for the manufacturing industry but in a more general
manner (Hinkelmann et al. 2016).

Adaptive Enterprise Architecture is considered in the Gartner Hype Cycle
only once, in 2016. Gartner describes “Situationally Adaptive Behavior” as an EA

trend being on the rise. However, in 2017 it is not mentioned anymore.

2.6.3.3  Sustainability and Enterprise Architecture
The trend analysis shows that the EA trend Sustainability has grown in

importance. There is an increase in the number of EA publications that address
sustainability over the last fifteen years, from zero documents in 2002 to more than
8% of the publications on EA in 2016.

Sustainable development is regarded as one of the grand challenges for our
current society to increase the wellbeing of present and future generations as well
as to protect the planet from degradation by sustainably managing natural
resources (United Nations 2015). One view of Enterprise Architecture is the
systems-in-environment perspective, which does not only regard the architecture
of an organization but also how it interacts with its environment (Lapalme 2012).
When taking this perspective, EA needs to address concerns of the environment
and therefore also the question of how sustainable development can be achieved
(Lapalme et al. 2016). EA and its methodologies can be used to understand the
dependencies and implications of sustainable development better, see, e.g.

Villarreal for an analytical framework (Villarreal 2014).

Looking at the publications which address sustainability and EA, there is a
clear overlap between this trend and the one around adaptive EA presented earlier.
An obvious conclusion is that an adaptive architecture is more sustainable since it
can adapt to changing conditions rather than requiring a replacement (Laverdure
and Conn 2012).

The Gartner Hype Cycle for EA does not mention Sustainability at all.
However, there is a separate Hype Cycle focused directly on sustainability. While
there is an overlap between the trends mentioned in both Hype Cycles, there is no

direct connection made between EA and Sustainability.
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2.6.3.4 Smart Machines and Enterprise Architecture

This work’s analysis indicates that there is a trend around Smart Machines
and Enterprise Architecture which is prominent in the most recent year of the
analysis, 2016, reflected in the fact that about 4 % of the EA publications address
this subject. The term “Smart Machines” refers to machines which are supported
by cognitive technologies and hence can support or even replace human labor
(Davenport and Kirby 2016).

When looking at the original EA publications more closely, two specific
examples are Smart City (Mamkaitis, Bezbradica, and Helfert 2016) and Smart Grid
(Razo-Zapata, Mihaylov, and Proper 2016). Introducing a Smart Machine and
smartly redesigning an existing system can be a significant transformation activity.
Enterprise Architecture methodologies can be applied to support this
transformation considering both the business as well as the information systems

view.

Smart Machines or artificial intelligence are not being addressed in the

Gartner Hype Cycle for Enterprise Architecture.

2.6.3.5 Internet of Things and Enterprise Architecture

According to this work’s analysis and forecast, the Internet of Things (IoT) is
the EA trend where the most substantial growth until 2020 is expected. The trend
is represented significantly in the documents which were analyzed from 2012. IoT
describes a significant increase in the number of physical devices which connect to
each other and primarily communicate via the internet. Examples range from
electronic health to connected cars up to intelligent manufacturing, sometimes
referred to as “industry 4.0” (Gubbi et al. 2013).

From an EA perspective, IoT means a massive increase in the diversity of
architectural building blocks and respective integrations, which need to be
managed. Due to these changing conditions, EA approaches and concepts such as
meta-models need to be extended. However, EA methodologies can also help to
manage the transformation related to the Internet of Things better (Zimmermann
et al. 2015).
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The Gartner Hype Cycle confirms the findings of this work’s analysis for the
practitioner space. IoT is represented in the Hype Cycle for EA from 2012 and
considered to be at the peak 2017.

2.6.3.6  Big Data and Enterprise Architecture
Beginning in 2011, the general trend around Big Data has boomed and

resulted in various scientific publications addressing the subject (Lu and Liu 2016).
The trend analysis shows that EA publications started addressing Big Data two
years later, in 2013. There are two major streams of thought in the articles which
have been analyzed:

1) EA can be applied to develop, implement and manage Big Data
architectures to ensure alignment and value creation (Vanauer, Bohle, and
Hellingrath 2015; Zimmermann et al. 2013).

2) Big data methodologies can be applied to support enterprise architecture
activities. Specifically, analytics and artificial intelligence technologies can

be used to analyze and optimize architecture models (Hinkelmann et al.
2016).

Big Data is represented in the Gartner Hype Cycle for EA from 2012 until
2016. Hence, Gartner had highlighted this trend one year before scientific
publications addressed the subject. Interestingly, Gartner do not include Big Data
or analytics in their 2017 Hype Cycle for EA anymore. However, this work’s
forecast indicates that the topic will still receive significant attention until 2020.

2.6.3.7  Entrepreneurship and Enterprise Architecture

This work’s trend analysis indicates a trend around Entrepreneurship in
scientific EA publications. From 2014 a significant share of the documents that have
been analyzed refers to entrepreneurial settings, such as small and medium
enterprises (SMEs) or even start-ups. SMEs often face several problems due to a
lack of structure and overview within the company. EA can be used as an extended
setup to address these issues and ensure alignment (Bernaert et al. 2014). Similar
challenges apply to start-ups in slightly different conditions. Start-ups have the
advantage that they are typically operating in a greenfield setting and therefore do
not need to deal with the integration of legacy systems, which reduces complexity.

At the same time, it is a challenge that activities in a start-up need to be pragmatic
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and practical. This applies to EA as well. Therefore, an EA approach for a start-up
needs to be tailored to these conditions (Bischof dos Santos et al. 2015).

The cluster analysis shows various application areas of EA in the past
including the manufacturing industry, healthcare and government. An analysis can
be performed based on the existing dataset how these traditional EA application
areas compare to the use of EA in entrepreneurial settings. The results are depicted
in Figure 10. Before 2014, EA publications focused on the traditional application
areas, with the government being the most popular. Since 2014 entrepreneurial
settings have been addressed to a similar extent as traditional application areas in

the publications which have been analyzed.
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Figure 10: History and forecast of EA application areas in scientific EA literature

Entrepreneurship, SMEs and start-ups are not being addressed in the Gartner

Hype Cycle for Enterprise Architecture.

2.6.3.8  Complexity Theory and Enterprise Architecture

From 2014 the analysis shows an increasingly prominent trend regarding
Complexity Theory and Enterprise Architecture. Complexity Theory presents a
framework for understanding based on concepts such as non-linear systems and
network theory. It can be applied in various areas including social sciences (Byrne
and Callaghan 2013). For EA, Complexity Theory can be applied to understand and
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model architectures as well as to measure attributes such as their complexity (Fu et
al. 2016; Schiitz, Widjaja, and Kaiser 2013).

Moreover, findings and methods from Complexity Theory can be used to
optimize given architectures. There is a link to the trend around Big Data presented
earlier since an architecture assessment and optimization based on Complexity
Theory likely requires an analytics solution to perform the required computations
(Hinkelmann et al. 2016).

An especially prominent part of Complexity Theory for EA presents Complex
Adaptive Systems (CAS) thinking. CAS can be applied as a theoretical model to
conceptualize enterprises. Consequently, CAS ideas and methods can be
considered for EA, see for example (Schilling et al. 2017).

Complexity Theory and CAS are not being addressed in the Gartner Hype
Cycle for Enterprise Architecture.

2.6.4 Practical Relevance of Academic EA Trends

When comparing results of the trend analysis with the Gartner Hype Cycle,
which is especially popular with practitioners (Dedehayir and Steinert 2016), there

1,

is a clear difference between “conceptual” and “technology” trends. Table 7
provides a comparison between the work’s analysis and the Gartner Hype Cycle
regarding the trends which have been identified. It is striking that the Gartner
Hype Cycle reflects only the technology trends identified by this thesis.

Table 7: Comparison of the trend analysis with the Gartner Hype Cycle

Our Trend Analysis Gartner Hype Cycle
Cloud Computing From 2010 to 2017 From 2011 to 2017
Complexity Theory | From 2014 to 2017 N/A
Agile or Adaptive EA | From 2002 to 2017 N/A
Big Data From 2013 to 2017 From 2012 to 2016
Internet of Things From 2012 to 2017 From 2012 to 2017
Entrepreneurship From 2014 to 2017 N/A
Smart Systems From 2004 to 2017 N/A
Sustainability From 2004 to 2017 N/A
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However, Gartner also identifies trends for EA, including conceptual ones,
which do not come up as a result of this work’s trend analysis. For example,
“DevOps” and “Design Thinking” are at the peak in the 2016 Hype Cycle for EA.
When explicitly checking for these topics in the data set, it can be found that they
are not significantly represented (e.g., there are two articles in total mentioning

DevOps and three with Design Thinking).

The differences between the results of this work’s analysis and those of the
Gartner Hype Cycle present an interesting observation and potential starting point
for future research. These findings raise the question of whether there is a mismatch
between academic EA work and EA in practice. Moreover, in general — and not
only restricted to the subject EA — the relationship of Hype Cycles, such as the one
from Gartner, and academic research presents an opportunity for further

investigation.

2.7 IMPLICATIONS OF THE STATE-OF-THE-ART FOR THIS THESIS

This work’s state of the art analysis presents the first comprehensive review
on a large body of academic knowledge which has been created in the last 30 years
of research on EA. The fact that this analysis is based on this large dataset presents
an advantage but also a limitation since it is not possible to perform a holistic
review and do an in-depth analysis of individual articles at the same time.
Therefore, as an overall result of the state-of-the-art analysis and as an input for the
subsequent parts of this thesis the findings of the holistic review are considered in
combination with other more focused reviews. Table 8 provides an overview of the

relevant reviews.

The state-of-the-art analysis conducted in the context of this work is regarded
as a “view beyond the horizon” meaning that a higher degree of variety for search
terms at the initial stage of this work’s review is allowed. The analysis can
demonstrate that the large surplus that was found compared to many existing
literature reviews is still significant concerning enterprise architecture and
confirms that it has become a highly dynamic discipline with growing scientific

interest.

This work’s trend analysis provides strong guidance regarding the impact of
specific topics such as sustainability, cloud computing, internet of things, smart
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machines or complexity theory on the discipline of EA. A major advantage of the
extended approach compared to others is the fact that it is possible to quantify the

impact of trends on a large scale and present forecasts subsequently.

Table 8: Overview of Existing Reviews on EA

Review Specific Focus Docs Year
Reviewed

Kotusev 75 2016

Buckl and Schweda 150 2011

Aier, Riege, and Winter 54 2008

Saint-Louis and Lapalme 206 2016

Saint-Louis, Morency, and 110 2017

Lapalme

Niemi EA Benefits 32 2006

Stelzer EA Principles 19 2009

Lucke, Krell, and Lechner EA Issues 71 2010

Andersen and Carugati EA Evaluation 45 2014

Rouhani et al. EA Implementation 46 2015
Methodologies

Santana A., Fischbach K., and | EA Analysis and 24 2016

Moura H. Network Thinking

Abdallah, Lapalme, and EA Measurement 16 2016

Abran

In conclusion of the state-of-the-art analysis, the discipline EA has
substantially grown over the last thirty years since its first introduction.
Nevertheless, it is still a young discipline which offers excellent potential for
researchers to contribute and grow the maturity of the discipline. This is reflected
in the ever-growing amount of publications written on EA. The subject
understanding of EA has evolved, but there is still misalignment within the EA
community regarding the definition and scope of EA as also pointed out by Saint-
Louis and Lapalme (Saint-Louis and Lapalme 2016). Hence, this thesis presents a
detailed view on the definition of EA in section 2.1 which is used throughout the

entire work.

As an additional result of the review on EA history, a significant current
challenge certainly appears around successfully applying EA in the context of
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organizations, which is reflected in the increasing amount of publications which

can be found to be focused on EA management.

The analysis of current and future trends shows various topics with an
impact on EA that will shape the discipline in the future. Hence, the results may
present the foundation for future studies and support authors during the selection

of their research topics and questions.

For the context of this thesis, two of the identified trends are considered

particularly relevant:

First, the trend around adaptive or agile EA since these approaches directly
address the challenges in dynamic environments. Moreover, since EA initially
gained popularity before agile concepts did, early EA aligns mostly with
traditional, waterfall approaches. After the release of the agile manifesto in 2001
(Beck et al. 2001) however, there is a significant number of scientific EA
publications addressing the subject. While this number decreased again after 2004,
there is recently a visible spike again from 2015 (Gampfer et al. 2018), see also
Figure 11. One reason for this could be the increasing mainstream adoption of agile

practices (Puppet and Dora 2017; VersionOne Inc. 2017).
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Figure 11: Share of EA publications related to agile concepts over time (adapted from (Gampfer et al. 2018))

Second, the trend on EA and complexity theory presents a suitable scientific
basis for the subsequent analysis. Therefore, both the concepts as well as the
existing underlying research which has been retrieved for the state-of-the-art

review will be leveraged in the following parts of this thesis.






3 DYNAMIC ENVIRONMENTS AND ENTERPRISE
ARCHITECTURE

This chapter is focused on the second research question of this thesis (RQ2)
which asks: “How can the interdependency between the increasing pace of change and the
discipline EA be described?”. The goal is to understand better, describe and formalize
the problem in the current state, which is the basis for the development of the future

state described in the subsequent chapters of this work.

Therefore, a closer look is taken at the effect of increasing dynamics and its
interdependency with the discipline of EA. First, an understanding and description
of how economic and technologic pace of change have evolved and are currently
changing are established in section 3.1. It is investigated how the development
affects businesses. In the subsequent section 3.2, it is examined how EA creates
value within organizations and what determines its effectiveness to derive a model
of EA effectiveness. As the last step in this chapter, the results of 3.1 and 3.2 are
combined in section 3.3. The description of increasing dynamics and models for EA
effectiveness are combined to assess how increasingly dynamic environments are

impacting EA effectiveness.

3.1 PACE OF ECONOMIC AND TECHNICAL CHANGE

Technological progress and related economic change have been a constant
companion throughout the past centuries. Innovations such as the steam engine,
electric light and the telephone mark some examples which have revolutionized
our economy and society (Buchanan 2001). Today, we are in the middle of just
another revolution enabled by information technology, which drives the digital

transformation of almost every industry (Bughin and Zeebroeck 2017).

In today’s digital economy it seems to be a natural conclusion that things are
moving more quickly than ever. Advances in computation and communication
allow faster generation and exchange of information, which enables faster technical
progress. The observation that “the pace of change is accelerating” is made for
example by Eric Schmidt and Jonathan Rosenberg who have been part of the
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Google leadership team (E. Schmidt and Rosenberg 2014). For Schmidt and
Rosenberg this development is primarily related to three technology trends: The
Internet, Mobile Devices and Cloud Computing. All these developments have

enhanced communication as well as computation.

Recent advances in information technology are remarkable in many ways
and have enabled digital business models, such as car-sharing and crypto-currency
trading, which would not have been possible a few years ago (Bughin and
Zeebroeck 2017). However, this is so far only an indication of the fact that technical
progress has reached a new milestone and not a confirmation of the conclusion that
its pace is accelerating. Therefore, this section of the thesis takes a closer look at the
idea of an accelerating pace of change. Different technological, economical and
sociological dimensions are considered in order to describe and understand change
and its velocity better especially in current times. The following subsection 3.1.1
considers the definition of the pace of change and describes how it is understood
in the context of this thesis. Afterwards subsection 3.1.2 considers the economic and

technological pace of change.

3.1.1 Defining Pace of Change

In order to build the necessary foundation for the discussions presented in
this and subsequent chapters of this thesis, this subsection takes a look at the
definitions regarding change and its pace. The Oxford English Dictionary (Oxford
University Press 2018) defines “Change” and “Pace” as:

Change: “An act or process through which something becomes different”
Pace: “Speed in walking, running, or moving”

Consequently, the “Pace of Change” is the rate at which things are becoming
different. The ‘something’ that is becoming different needs a closer definition as
well. Technology and business are two central aspects of Enterprise Architecture
and therefore present the two major dimensions of change which are more closely
considered in this subsection. Moreover, the scope of this change deserves
consideration as well since there might be significant differences depending on the

environment which is being considered.
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3.1.1.1  Technological Change and Economic Growth

Technological change is a phenomenon which has been heavily studied in
macroeconomics since it represents one of the primary drivers of human
development (Romer 1990; Solow 1956). Technological change in macroeconomics
is defined as the link between capital K, labor L and production output Y. As
depicted in Formula (1) technological possibilities can be represented by a
production function F, which have K and L as inputs (Solow 1956). Depending on
the technological possibilities, production output from a given amount of capital
and labor can be more or less. Hence, technological change is the change of F, which
typically increases production output.

Y=F(K,L) (1)

Therefore, on a macroeconomic scale, it can be stated that technological
change drives economic growth. Vice versa, there is a dependency as well.
Economic growth delivers resources, which can be used for technology
development that drive additional technological change (UNDP 2001), see also
Figure 12.

Productivity Gains

Technological Economic
Change Growth

Resources for technology
development

Figure 12: Technological Change and Economic Growth, adapted from (UNDP 2001)

The macroeconomic dependency of technological change and economic
growth is applicable to the level of individual organizations as well and hence it

can be transferred to microeconomics. For enterprises, the same logic applies.
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Technological change drives the growth of the business. Additional resources
delivered by business growth can be used to fund new technological change.

In conclusion, there is a strong dependency between technology and
economic change. Hence, for the consideration of the pace of change in this thesis,
both dimensions of change need to be jointly considered.

3.1.1.2  Change and Dynamic Environments

In the context of change and its pace, dynamics is a closely related term. The

Oxford English Dictionary (Oxford University Press 2018) defines “Dynamics” as:

Dynamics: “The forces or properties which stimulate growth, development, or

change within a system or process.”

Hence, dynamics drive change. Adapted to the context of this thesis,
dynamics are the underlying forces which stimulate technological and economic
change within an enterprise and in its environment. As a result, the degree of
dynamics which is present in the environment of a given enterprise can be used to
relate to the pace of change it is facing. Collyer and Warren (Collyer and Warren
2009) describe dynamism as a non-binary dimension that applies in varying
degrees to all environments, which reflects the view of this work. Figure 13
summarizes the dependencies of the introduced concepts around the pace of

change and dynamic environments as well as their dependencies.

Environment

Stimulate

Y

Dynamics Change

Figure 13: Dependencies of Dynamics and Change

Strictly speaking, there is no such thing as the “dynamic” or “non-dynamic”

environment; for the sake of simplicity, however, this work considers an
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environment dynamic when it is subject to higher than normal pace of change. The
effects, challenges and approaches discussed subsequently are most relevant to
such a highly dynamic environment. However, they might be applied moderate

dynamic environment as well depending on the context.

3.1.2 Observing Pace of Change

Based on the observations made in the previous subsection 3.1.1, this thesis
considers a combination of technological and economic change and its impact on
the discipline of Enterprise Architecture. According to the context of this thesis, this
work primarily considers the technological and economic development within the
past three decades — reflecting the time in which Enterprise Architecture has been
practiced. The goal is to understand how conditions for the discipline might have

changed in the past and to grasp the implications for the immediate future.

The idea of an accelerating pace of change driven by technological advances
isnot new. As early as 1910 the architect and urban designer Daniel Burnham wrote
“a mighty change having come about in fifty years, and our pace of development
having immensely accelerated, our sons and grandsons are going to demand and
get results that would stagger us.” (The Royal Institute of British Architects 1910).
Ever since various scientists have investigated the effect for the past as well as its
projection for the future (Bishop and Hines 2012).

While many studies and publications mention the effect of an accelerating
pace of change for both technology and the economy, there are much fewer which
provide measures to confirm the development long term. Lord Kelvin, the physicist
known for determining the value of absolute zero, has prominently described
problems of such an approach: “When you can measure what you are speaking
about and express it in numbers, you know something about it, but when you
cannot measure it, when you cannot express it in numbers, your knowledge is of a

meager and unsatisfactory kind.”

Therefore, this subsection strongly focuses on measures to describe the
development of economic and technological pace of change to provide hard facts,
which can be built upon in the subsequent parts of this thesis. Moreover, a closer
look will be taken at the human perception of these changes since this strongly
influences the way we deal with them.
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3.1.2.1 Technological Pace of Change

Technological change and its acceleration have been observed and described
by various authors. Rothwell and Zegveld (Rothwell and Zegveld 1985) went so
far as to say that we are in the midst of a technology explosion which they have
strikingly note stated in contemporary times — but already in 1985. Similarly,
Perrino and Tipping (Perrino and Tipping 1991) noted in 1991: “The pace of
technology is accelerating, raising the stakes and penalties for managing
innovation, and requiring early warning and a shorter response time to capture

opportunities.”

Probably the most prominent measure vividly illustrating an accelerating
technological pace of change over the past century is Moore’s law. It was originally
formulated to outline that the number of transistors in a dense integrated circuit
doubles approximately every two years and hence is exponentially growing
(Moore 1965). Moore’s law was first publicly stated in 1965 considering integrated
circuits and their development until 1975, see Figure 14. The original graph
presenting Moore’s law and typically all similar illustrations feature a logarithmic

scale to visualize the exponential growth in an appropriate manner.
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Fig. 2 Number of components per Iategrated
function for minimum cost per component
extrapolated va time,

Figure 14: Moore’s Original Graph: "The Number of Components per Integrated Function’ (Moore 1965)
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Over the past decade it has turned out that, the logic of Moore’s law can be
applied much more broadly than in its original scope. The law with its original
formulation has proven to be relatively accurate even until today. Transistors in an
integrated circuit have continued to double every 18 to 24 months, see Figure 15.

100 million

1 million

1971 1980 1990 2000 2010 2017

Figure 15: Moore’s original law observed until today (Roser and Ritchie 2018)

Due to its long-term applicability, Moore’s law has become a prominent
metric, which is applied by scientists as well as practitioners in the semiconductor
industry. By now, in the view of some critics, it has converted from an empirical
observation to a self-fulfilling prophecy since both producers and consumers of
chips have started to rely on it for their planning (Waldrop 2016). Producers
leverage Moore’s law to plan their R&D and production efforts while consumers
use it to forecast the availability of computing resources (Simonite 2016). However,
whether it is considered an observation only or even self-fulfilling prophecy,
Moore’s law clearly shows exponential growth for a core technology of IT over the
past decades. Therefore, it presents a first indication for the fact that technological
change has recently not occurred linearly but exponentially and can, therefore, be

considered to be accelerating.

Since the early 2000s, different studies have predicted the end of Moore’s law
referring to physical restrictions of semi-conductors and predominantly unsolvable
heating problems which arise into dense integrated circuits (Kish 2002). This effect
is already observable for the clock speed of processors, which has not been growing
further for the past couple of years (Waldrop 2016). However, while this might
indicate the end of Moore’s original law in a narrower sense, for the context of this
thesis, it is worth taking a step back and considering the larger picture as well. This
has been recognized by Ray Kurzweil in 2004 (Kurzweil 2004), who has taken
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Moore’s law to a different level of abstraction by not considering the sole technical
metric of transistors in an integrated circuit but instead considering the calculations
per second per constant dollar. This metric is more outcome-focused since it reflects
the availability of computing capacity which presents the foundation for most IT
related technological change.

Kurzweil’s adaption of Moore’s law has an additional striking feature. It does
not only help to project the logic of Moore until today and potentially further into
the future; it also proves to be applicable for the time before Moore’s law was
formulated in 1965. Since Kurzweil’s version does not only consider integrated
circuits, it can be applied for previous technologies such as transistors, vacuum
tubes, relays and even mechanical computers. Observation of different examples
shows that it can be used for the time until 1900, see Figure 16 for an overview.
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Figure 16: Moore's law over 120 Years — calculations per second per constant dollar (Jurvetson 2016)

Ray Kurzweil has not only generalized Moore’s law but has further dealt
with the phenomenon of an accelerating pace of change in close details, most
prominently in his publications “The Law of Accelerating Returns” (Kurzweil
2004) and “The Singularity is Near” (Kurzweil 2005). Kurzweil shows that
exponential growth can be shown in other areas of technological change as well.
For example, he finds that technology adoption has accelerated exponentially
considering, e.g. the adoption of the telephone which took half a century versus the
adoption of the cell phone, which took only a decade. Figure 17 illustrates the pace
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of technology adoptions for different vital technologies in the past century and

confirms the acceleration described by Kurzweil (Dediu 2013).

Adoption rate, %
90 -
80 -
70
60
50 -
0- Telephone

30 -

20 -

10

Car

%

Cell phone
HOTV

Microwave

Tablet

IS
Intemnet

| | |

0 ] | 1
1900 1910 1920 1930

1940

1950

1960 1970 1980 1990 2000 2010

Figure 17: Acceleration of Technology Adaption (Dediu 2013)

A similar increase in the pace of change can be observed for the growth of

devices connected to the internet. Observed initially by Kurzweil in 2005, this

measure continues to grow exponentially even a decade later. Recently, especially

the trend around the Internet of Things (IoT) is driving this growth (Lucero 2016),

see also Figure 18.
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