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Abstract

Enterprise Architecture plays a crucial role in supporting organisations' digital transformations by de-
signing and realising an enterprise's organisational structure, business processes, information sys-
tems and technology infrastructure. A reference architecture is a generic (enterprise) architecture
for a class of systems that is used as a foundation for the design of concrete architectures from this
class. Within the Dutch public sector, reference architectures are used to align and improve (digital)
public services. Every sector has a reference architecture that the organisations within that sector
can use. Sectors are intertwined with each other, so reference architectures also have overlaps. This
research aims to improve the coherence between reference architectures.

First, the bene ts of Enterprise Architecture and reference architectures for organisations in the pub-
lic sector were found. After that, the use of semantic wikis for organising and structuring architecture
knowledge was investigated. Semantic wikis are equipped with an underlying knowledge model, pro-
viding meaning to the information in the wiki. Most reference architectures within the Dutch public
sector have their architectural knowledge published on semantic wikis. In the last few years, the num-
ber of reference architectures has increased, and there is a growing desire for improved coherence
between reference architectures. Digital architects argue that a lack of coherence has emerged,
resulting in stakeholders experiencing problems using these reference architectures. Therefore, the
current state of coherence between reference architectures within the Dutch public sector was inves-
tigated by conducting a focus group and a survey.

One aspect of improving coherence involves de ning and establishing explicit relationships between
components of reference architectures. However, no standardised approach exists for de ning and
establishing these relationships. This research bridges this gap by providing a method that can be
used by digital architects to de ne and establish relationships between components of reference ar-
chitectures within the Dutch public sector. These relationships can be established by using linked
data principles and techniques. Eventually, the additional information about how components of ref-
erence architectures relate to each other can be made visible within the semantic wikis. The method
was designed based on the ndings of the focus group, survey and unstructured interviews. The
method was validated by one case study. It was concluded that the method is useful for de ning and
establishing relationships between components of educational reference architectures. While proven
useful, the method may require adjustments for direct application to every reference architecture due
to variations in semantic wikis and architectural knowledge.

Keywords: Enterprise Architecture, reference architecture, architectural knowledge, semantic wiki,
public sector, coherence, method
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Chapter 1

Introduction

This chapter introduces the topic, motivation and objective of this master's thesis research project.
First, the topic of the research will be introduced, followed by the context in which this research is
conducted. The research revolves around reference architectures that are used in the Dutch public
sector. After that, the problem statement and the research objective including the research questions
are presented. Lastly, the outline of the thesis is presented.

1.1 Digital Transformation in the public sector

Organisations in the Dutch public sector have been working on their Digital Transformation (DT)
for many years now. Digital Transformation can be de ned as the continuous process that aims to
improve an entity by triggering signi cant changes to its properties through combinations of digital
technologies [6]. One of the main goals of DT for organisations in the public sector is to improve their
(digital) services for citizens and businesses. Society and businesses expect public services to be
highly available, ef cient, and exible [7]. Digital Transformations can also lead to various bene ts for
public organisations, such as improved processes and services, the organisation's ability to change
and the reduction of costs [8].

Despite the high expectations regarding Digital Transformation, there is little empirical evidence on
how organisations in the public sector are approaching DT. Enterprise Architecture (EA) is a powerful
tool to support the analysis of exibility that is needed at different levels in an organisation to progress
through their Digital Transformation [6]. EA offers a high-level overview of the business structure and
IT systems of an organisation and their interrelationships. The design of (Enterprise) architectures
can be guided by reference architectures, which provide principles, architecture models, and a com-
mon language for digital architects. Therefore, a reference architecture can be de ned as a generic
architecture for a class of systems used as a foundation for the design of concrete architectures from
this class [9].

The Dutch public sector is divided into different domains, each with a speci ¢ purpose. To improve
the (digital) public services, a concerted effort across many organisations within the public sector is
required. To guide this effort, consisting of different programs and projects, reference architectures
have been developed for different domains within the Dutch public sector.

1.2 Reference architectures

Reference architectures ensure that public (digital) services are designed consistently, according to
the overall goals and objectives of the Dutch government. Reference architectures should be aligned
for this purpose to ensure different services from different organisations in the public sector can work
together seamlessly. Reference architectures contain principles and architecture models that can be
reused in concrete (enterprise) architectures. Furthermore, reference architectures can consist of
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frameworks and agreements for the information provision of public organisations.

One of the reference architectures within the Dutch public sector is the Nederlandse Overheid Ref-
erentie Architectuur (NORA), the Dutch Government Reference Architecture. The NORA contains
frameworks and existing agreements for setting up the information provision of the whole Dutch gov-
ernment. In addition to NORA, many other reference architectures are designed for a speci ¢ type
of organisation in the public sector. Together these reference architectures form the NORA family!
and contribute to a collective approach for digital transformations within the Dutch public sector, by
reusing architecture principles, applying (open) standards and complying with established agree-
ments.

As the number of reference architectures continues to grow, a complex system of reference archi-
tectures has originated. At this moment, 22 reference architectures are active, and this number is
still growing. The architectural knowledge of many of these reference architectures is organised and
structured on a platform called WikiXL, which is a semantic wiki. A semantic wiki is a wiki that has
an underlying model of the knowledge described in its pages. In table 1.1 all reference architectures
that are used within the Dutch public sector can be found.

No. Abbreviation Reference Architecture Documentation

1 AORTA Landelijke infrastructuur voor berichtu- Yes, website
itwisseling in de zorg

2 Astra Architectuur strafrechtketen Yes, WikiXL & ArchiMate models

3 CORA COrporatie Referentie Architectuur Yes, WikiXL & ArchiMate models

4 DERA Digitale Erfgoed Referentie Architectuur  Yes, WikiXL & ArchiMate models

5 DIZRA Duurzaam Informatiestelsel Zorg Refer-  Yes, website & models
entiearchitectuur

6 EAR/RORA  Enterprisearchitectuur Rijksdienst / Ri- Yes, website & models
jksOverheid Referentie Architectuur

7 FORA Funderend Onderwijs Referentie Archi- Yes, WikiXL & ArchiMate models
tectuur

8 GA GDI-Architectuur Yes, website & models

9 GEMMA Gemeentelijke ModelArchitectuur Yes, WikiXL & ArchiMate models

10 HORA Hoger Onderwijs Referentie Architectuur  Yes, WikiXL & ArchiMate models

11 KarWel Ketenarchitectuur Werk en Inkomen Yes, website & models

12 MARA Model Architectuur voor Rijks Archie n-  Yes, PDF from 2016 & ArchiMate models
stellingen

13 MARTHE Model Architectuur RijksToezichts- en No documentation
HandhavingsEenheden

14 MORA Middelbaar beroepsOnderwijs Referen- Yes, WikiXL & ArchiMate models
tie Architectuur

15 NBility Netbeheerders Business Capability Yes, PPT & ArchiMate models

16 PETRA Provinciale EnTerprise Referentiearchi- Yes, WikiXL & ArchiMate models
tectuur

17 PURA Publieke gezondheid Referentie Archi- Yes, PDF from 2019 & ArchiMate models
tectuur

18 - Referentiearchitectuur Jeugdketens Yes, PDF from 2009 & models

19 ROSA Referentie Onderwijs Sector Architec- Yes, WikiXL & ArchiMate models
tuur

20 VeRa Veiligheidsregios Referentie Architectuur  Yes, WikiXL & ArchiMate models

21  WILMA Waterschaps Informatie & Logisch Yes, WikiXL & ArchiMate models
Model Architectuur

22 ZiRA Ziekenhuis Referentie Architectuur Yes, website & (ArchiMate) models

Table 1.1: Reference architectures within the Dutch public sector (November '23)

Most of the reference architectures are intertwined with each other, as one speci ¢ domain for which
a reference architecture is designed can overlap with another domain. Because of the overlaps
between certain domains, reference architectures should be related to each other. Examples of

INORA familie, https://www.noraonline.nl/wikiiNORA_Familie
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domains in the Dutch public sector are Healthcare (Gezondheid en zorg), education and science
(Onderwijs en wetenschap), and public order and safety (Openbare orde en veiligheid).

1.3 Problem Statement

In recent years, the NORA family has seen considerable growth. The concept family is primarily used
because reference architectures should be related to each other. The architecture community de-
sires coherence between reference architectures. However, one of the problems is that relationships
between reference architectures are not explicitly formulated and established.

Examples of related reference architectures are the GEMeentelijke Model Architectuur (GEMMA)
and Waterschap Informatie en Logisch Model Architectuur (WILMA), respectively the reference ar-
chitectures for municipalities and water authorities of the Netherlands. The WILMA has the NORA
and GEMMA as a starting point. Whenever components of the NORA or GEMMA are relevant to the
WILMA, it will inherit these components. When an issue is sector-speci ¢ for the water authorities,
information from the NORA or GEMMA will be further complemented or deepened, speci ¢ to the
water authorities.

Other examples of related reference architectures can be found in the educational sector, which
is part of the education and science domain. The educational sector has one special overarching
reference architecture called the Referentie Onderwijs Sector Architectuur (ROSA). This reference
architecture is a cross-educational chain reference architecture (onderwijsketen referentiearchitec-
tuur), which focuses on components that are common in the whole educational sector (or multiple
parts thereof) when it comes to collaboration in chain processes. The sector-speci c reference ar-
chitectures are called Funderend Onderwijs Referentie Architectuur (FORA), Middelbaar Onderwijs
Referentie Architectuur (MORA) and Hoger Onderwijs Referentie Architectuur (HORA). The FORA
is developed for the primary school (primair onderwijs, po) and secondary school (voortgezet onder-
wijs, vo). The MORA is developed for the vocational education (Middelbaar beroepsonderwijs, MBO).
The HORA is developed for higher education (Hogescholen en universiteiten).

These related educational reference architectures should have explicit relationships with each other.
This is needed as many components of these reference architectures can be reused or comple-
mented by each other, which leads to reduced efforts for digital architects. When all reference ar-
chitectures of the NORA family consistently use generic and commonly accepted components, this
leads to improved consistency and ef ciency in the delivery of public services.

As of the start of NORA as the rst reference architecture, there is a continuous desire for improved
coherence between reference architectures [10]. The coherence, if explicitly present, is currently
only textually described and can be found on knowledge management platforms, such as WikiXL
and on other websites and documents where reference architectures are described. For example,
the ROSA has a page? on its WikiXL platform in which the coherence with other architectures is
described. However, other reference architectures do not provide information about their coherence
with other reference architectures.

At this moment, an advisory group of experts in the educational sector is working on improved co-
herence between the sector-speci ¢ and the cross-educational chain reference architectures. The
three sector-speci c reference architectures mentioned were independently developed from each
other. The FORA, MORA and HORA are similar when it comes to providing a steering instrument for
educational institutions to organise and structure their Enterprise Architecture. The ROSA, a cross-
educational chain reference architecture, should function as a connector for all the sector-specic
reference architectures. However, con icting design decisions are made in these reference architec-
tures, which makes it dif cult to improve the coherence.

2ROSA, Samenhang met andere architecturen https://rosa.wikixl.nl/index.php/Samenhang_met_andere_
architecturen
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To conclude, there is a lack of coherence between reference architectures within the Dutch public
sector. Furthermore, there is no collective approach on how to improve this coherence. Currently,
relationships between components of reference architectures exist only implicitly. Hence, there is a
desire for research on reference architectures within the Dutch public sector and how to improve the
coherence between these reference architectures.

1.4 Research Objective

The objective of this research is to address the aforementioned problem. The main research objective
is thus to design a method to improve the coherence between the reference architectures within the
Dutch public sector.

1.4.1 Research Questions

The main research question that will guide this research is:

"How can a method be designed to improve the coherence between the reference architec-
tures within the Dutch public sector?”

To answer the main research question, a couple of research questions rst need to be answered.

* RQ1 How can organisations in the public sector bene t from Enterprise Architecture?

Reference architectures play an important role in Enterprise Architecture by providing a struc-
tured approach based on best practices for designing and implementing concrete (enterprise)
architectures. To explain the importance and bene ts of reference architectures, the bene ts of
Enterprise Architecture for organisations in the public sector should rst be examined. These
bene ts should be found in the literature. The answer to this research question aims to provide
clarity on whether these types of organisations use Enterprise Architecture, and what the ben-
e ts are for them. Eventually, these bene ts of EA for organisations in the public sector should
be described and visualised in a theoretical model.

« RQ2 How can reference architectures improve Enterprise Architecture practices?

Reference architectures can be perceived as blueprint Enterprise Architectures. The answer
to this research question aims to provide clarity on the use of reference architectures for En-
terprise Architecture and the potential bene ts of these generic architectures. These bene ts
should be found in the literature. This is needed to understand how reference architectures can
improve Enterprise Architecture practices in organisations.

* RQ3 How is the architectural knowledge of reference architectures within the Dutch public sec-
tor organised and structured?

Reference architectures consist of architectural knowledge in the form of principles and archi-
tecture models. This knowledge needs to be organised and structured somewhere. Semantic
wikis can be used for that, which are wikis with an underlying knowledge model that describes
the information a wiki contains. Most of the reference architectures use a platform called Wik-
iXL, which is a semantic wiki. By browsing through and searching in semantic wikis, digital
architects can reuse architectural knowledge for their architectural purposes. The answer to
this research question aims to explain how these semantic wikis can be used to organise and
structure architectural knowledge of reference architectures and what their bene ts are.
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* RQ4 What is the current state of coherence between reference architectures within the Dutch
public sector?

The current state of coherence between reference architectures within the Dutch public sector
should be examined. The answer to this research question aims to provide clarity regarding
the de nition of coherence between reference architectures, the desire for improved coherence
and the problems of a lack of coherence. Through conducting a focus group and a survey with
digital architects who have knowledge of and experience with reference architectures within the
Dutch public sector, the current state of coherence can be examined.

* RQ5 What types of relationships are desired between the reference architectures within the
Dutch public sector?

One aspect of improving coherence between reference architectures within the Dutch public
sector is by de ning and establishing relationships between reference architectures. However,
the desired types of relationships between reference architectures should rst be known. These
types of relationships should be investigated by conducting a focus group and a survey with dig-
ital architects who have knowledge of and experience with reference architectures within the
Dutch public sector.

* RQ6 What are existing methods and techniques for de ning and establishing relationships be-
tween different architectures?

Existing methods and techniques for de ning and establishing relationships between architec-
tures should be found in the literature and by searching on the internet for existing practical
applications. The answer to this research question is an overview of existing (practical) meth-
ods and techniques that can be used to de ne and establish relationships between reference
architectures.

« RQ7 How can a method be designed to de ne and establish relationships between reference
architectures within the Dutch public sector?

A method should be designed to de ne and establish relationships between reference architec-
tures. This method should include formal steps for de ning the types of relationships between
reference architectures as well as how to establish these relationships. This implies that the
method should also consist of technical steps for establishing these relationships. The method
should be a step-by-step guide for digital architects to de ne and establish relationships be-
tween components of reference architectures.

* RQ8 Can the designed method effectively be used in practice, i.e. in the Dutch educational
sector?

Finally, the educational sector can be used as an experimental context for validating the de-
signed method. This sector seems suitable, as coherence between the reference architectures
within this sector is highly desirable and an advisory group of experts is already working on
improved coherence. The different sector-speci c reference architectures should be related to
each other to lower the borders for people changing their learning paths. Based on a case study
in the educational sector, conducted by the researcher, the designed method can be validated.
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1.5 Thesis outline

The thesis starts with the abstract. After that, chapter 1 introduces the research. Chapter 2 of the
research presents the research design, which describes the research methodologies used through-
out this research. Chapter 3 forms a theoretical background that serves as a foundation for the rest
of the thesis. In this chapter research questions RQ1, RQ2 and RQ3 will be answered. It consists of
two Systematic Literature Reviews and exploratory literature reviews.

Chapter 4 consists of an examination of the current state of coherence between reference archi-
tectures within the Dutch public sector. Also, the desired types of relationships between reference
architectures are investigated. Moreover, existing methods and techniques for de ning and establish-
ing relationships between architectures are explored. The research questions RQ4, RQ5 and RQ6
will be answered in this chapter.

In chapter 5 the artefact of this research is designed, which is a method that can be used by digital
architects to de ne and establish relationships between components of reference architectures. So,
research question RQ7 will be answered in this chapter.

In chapter 6, a case study is conducted in the educational sector to validate the designed method.
The last research question, RQ8, will be answered in this chapter.

Eventually, in chapter 7 and 8 the research results are discussed and a conclusion is drawn.

Lastly, the appendices and the references are presented. The complete outline of the thesis can be
found in gure 1.1 below.

Figure 1.1: Thesis outline



Chapter 2

Research Design

This research attempts to design an artefact to improve the coherence between reference architec-
tures within the Dutch public sector. To design the artefact, a suitable research methodology was rst
selected. This research followed the Design Science Methodology (DSM) proposed by Wieringa [1].
The Design Science Methodology describes how to solve design problems and answer knowledge
guestions.

In the problem investigation phase, the context of the problem was rst understood, after which the
actual problem was investigated. To gather knowledge on the research context, exploratory literature
reviews and two Systematic Literature Reviews (SLRs) were conducted. The SLRs were conducted
according to the guidelines of Kitchenham [11]. To gather knowledge about the actual research prob-
lem, a focus group was conducted with four architects who have knowledge of and experience with
reference architectures within the Dutch public sector. The focus group data was analysed according
to a framework of Nili et al [2]. To validate and complement the ndings of the focus group, survey
research was conducted. The survey was meant for digital architects who have knowledge of and
experience with reference architectures within the Dutch public sector.

In the treatment design phase, the artefact of this research was designed. The artefact of this re-
search is a method. To design the method, the ndings of the focus group, survey and unstructured
interviews were used. A part of the focus group and survey was focused on the desired relation-
ships between reference architectures. The unstructured interviews were used to steer the design
of the method. One aspect of improving coherence between reference architectures is realising re-
lationships between reference architectures. The method is therefore a step-by-step guide that can
be used by digital architects to de ne and establish relationships between components of reference
architectures.

Lastly, in the treatment validation phase, a case study was conducted in which the researcher used
the method to de ne and establish relationships between components of reference architectures in
the educational sector. Advisory documents from an expert group working on improved coherence
in the educational sector were used and unstructured interviews were conducted with two digital
architects having knowledge of and experience with the FORA and the ROSA.

2.1 Design Science Methodology

Design Science is the design and investigation of artefacts in context, whereby the artefact is some-
thing to be designed and the given context is something to be in uenced. Wieringa [1] designed a
methodology that guides researchers in design science. This methodology is the so-called 'Design
Science Methodology (DSM)' and is a proven methodology for conducting design science research
in information systems research. The artefact to be designed should interact with the problem con-
text to improve something in that context. The design of an artefact is seen as a design problem for
improving a problem context to help stakeholders achieve their goals.
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To solve such a design problem, an iterative process known as the design cycle can be used. The
design cycle of DSM provides guidelines for researching an artefact in a context. Such an artefact
may be a method, technigue or algorithm. The design cycle is part of a larger cycle, the engineering
cycle. However, for the scope of this research, only the phases of the design cycle are considered.
The design cycle is decomposed into three phases, namely, problem investigation, treatment design
and treatment validation. The design cycle can be found in gure 2.1.

Figure 2.1: Design Cycle from Wieringa [1]

To apply the design cycle within this research, the three phases are explained below:

1. Problem investigation : The goal of the problem investigation phase is to understand the prob-
lem. The research goal is to improve a problematic situation, and the rst task is to identify,
describe, explain and evaluate the problem to be treated. In this research, the problem in-
vestigation was executed by rst understanding the context of the problem. To achieve this,
multiple literature reviews 2.2 were conducted to understand the research topics. The results
of these literature reviews are documented in chapter 3. To understand the actual problem,
the current state of coherence between reference architectures was investigated by conducting
several unstructured interviews with digital architects 2.3, conducting a focus group 2.4 with
digital architects and conducting a survey 2.5 completed by 40 digital architects. The digital
architects all have knowledge of and experience with reference architectures within the Dutch
public sector. The problem investigation phase of the design cycle is documented in chapters
3 and 4.

2. Treatment design : The goal of the treatment design phase is to de ne the requirements of the
artefact and to design the artefact. In this research, the artefact to be designed is a method
to guide digital architects in de ning and establishing relationships between components of
reference architectures. The method consists of formal steps for de ning relationships as well
as technical steps to establish relationships between components of reference architectures.
These components are ArchiMate elements, published on semantic wikis. So, the established
relationships are between multiple ArchiMate elements. With knowledge from unstructured
interviews, a focus group and a survey, a method was designed. The design of the method is
documented in chapter 5.

3. Treatment validation : The goal of the treatment validation phase is to validate that the method
contributes to stakeholder goals in the problem context. This was done by conducting a case
study 2.6 in the educational sector. In this case study, the method was used by the researcher
and a concise prototype was developed. To follow the method, several advisory documents
were consulted and unstructured interviews were conducted. A small nhumber of relationships
between ArchiMate elements of different reference architectures in the educational sector were
established in a data model. Eventually, this data model was published on a triple store, which
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can be queried by wiki pages on the WikiXL platform to retrieve relevant additional information
about an ArchiMate element. The results of the case study are presented in chapter 6.

2.2 Literature reviews

To understand the context of the problem, literature reviews were conducted. To study the available
literature, both exploratory literature reviews and two Systematic Literature Reviews were conducted.

2.2.1 Exploratory literature review

An exploratory literature review aims to get a general feel of a research topic. For this research, the
used concepts must be understood to properly work with them. Keywords such as "architecture”,
"Enterprise Architecture”, "reference architecture” and "referentiearchitectuur”, "Reference Model”
and "Enterprise Reference Architecture” were used to nd relevant research papers about the con-
cepts. Google Scholar was used to search for research papers. The research papers with the most
citations were chosen to get information when searching for a keyword.

2.2.2 Systematic Literature Review

To conduct the Systematic Literature Reviews, the guidelines of Kitchenham were used [11]. One
reason Kitchenham mentioned for performing an Systematic Literature Review (SLR) is to summarise
the existing evidence concerning a treatment or technology. In this case, the existing evidence in the
literature on the bene ts of Enterprise Architecture for public organisations is summarised. This way,
important knowledge within the literature can be taken into account in this research. The importance
of systematic literature reviews is outlined in the quote of Richard Hamming of 1968 and reads:

"Systematic literature reviews in all disciplines allow us to stand on the shoulders of giants and in
computing, allow us to get off each others' feet.”

With the guidelines of Kitchenham, | aim to identify, evaluate and interpret all available research pa-
pers relevant to the rst two research questions. The three main phases of a SLR are planning the
review, conducting the review and reporting the review. In the rst phase, a search protocol was de-
veloped. In the second phase, the complete process of searching for research papers and selecting
them was documented. In the last phase, the results of the selected papers were documented.

2.3 Unstructured interviews

At the start of the research project, many interviews were conducted with digital architects working in
the Dutch public sector. These interviews were the basis for identifying the actual problem. However,
no documentation was made of these. The interviews can be seen as 'unstructured interviews'
as many questions were asked about the research problem and solution directions. Because no
documentation was made of these interviews, it can not be classi ed as a research method but it has
steered the research in a speci ¢ direction.

2.4 Focus group

Focus groups are a social method to gather research data through group discussions on a speci c
topic [2]. In contrast to other research methods, such as interviews and surveys, the interactive and
synchronous group aspect of focus groups allows participants to discuss, (dis)agree with and build
upon each other's ideas. The Enterprise Architecture research domain, part of Information Systems
(IS) research, has numerous examples of studies that include focus groups as (one of) the research
method(s). The multi-disciplinary characteristics and social aspect of IS research suggest that vari-
ous IS studies can bene t from focus group data. The data may include verbal and non-verbal data
and interaction data. In the context of this research, the decision was made to include verbal and
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interaction data, as the voices of the participants were recorded.

A Focus group is an extended way of the interview method. It is a more speci ¢ and in-depth group
interview that brings about a group discussion. Through this interactive group discussion, often more
in-depth and richer data can be generated [12]. With the help of a moderator, the selected topics can
be explored in a structured and organised way. The focus group was held at the beginning of this
research project and the structure of it can be found in section 4.1. The ndings of the focus group
are used throughout this research.

2.4.1 Data analysis

The focus group was analysed according to the Focus Group Data Analysis Framework (FGDAF).
Nili et al. [2] provides a systematic and integrative approach for qualitatively analysing different types
of focus group data for the Information Systems domain. However, rst, the type of data that should
be captured was selected. After that, the data should be captured by an audio recorder. Eventually,
a transcript should be written of the complete audio recording. To analyse the transcript of the focus
group data, the FGDAF had been partially used, which will be explained in section 2.4.2.

Types of data

According to Nili et al. [2], there are two primary data types, content data and interaction data. These
types can be further divided into verbal and non-verbal data. The non-verbal can further be divided
into multiple data types. For this focus group, the blue marked cells, indicating the type of data, were
used during the data analysis. The verbal data was necessary to analyse to follow the discussion
and to gather insights from the discussion. Next to the verbal data, the paralinguistic data was taken
into account. An overview of the types of data that were analysed can be seen in gure 2.2.

Raw audio recording

The focus group data was originally an audio recording with the voices of the moderator and the
participants during the focus group.

Transcript

With the help of multiple Al tools, a concept of the transcript of the audio recording was generated.
However, this transcript did not match the actual data. So, after completely listening to the audio
recording, the complete transcript of the focus group was written. This included the verbal data of
the categories 'content data' and ‘interaction data', as well as the tone and strength of statements
(paralinguistic data). The paralinguistic data was indicated by exclamation marks and bold text in the
transcript.

2.4.2 The Focus Group Data Analysis Framework

In this section, the Focus Group Data Analysis Framework (FGDAF) and its usability in the data
analysis process are presented. In gure 2.3 the steps of the framework can be seen. Not all
types of data were analysed, so some of the steps of the framework were partially executed. After
explaining all the steps, the complete process of analysing the focus group data is presented in the
Business Process Modelling Notation (BPMN) model in gure 2.4.

Step 1: Determine and organise theoretically sensitive data

This step involves identifying the types of data that are relevant to the research question and organ-
ising them in a way that facilitates analysis. For this focus group, the types of data marked in blue
in gure 2.2 are relevant to the research questions. After that, a format was created in which the
transcript of the focus group can be structured. One example of this format can be found in table E.1
in Appendix E.
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Figure 2.2: Used types of focus group data, adapted from Nili et al. [2]

Figure 2.3: The focus group data analysis framework, adapted from Nili et al. [2]

Step 2: Identify content areas

In this step, the entire focus group transcript was read twice to gain a sense of the whole. After that,
content areas (parts of the text that are directly related to each other) were identi ed. By analysing
the answers and discussions related to the speci ¢ questions, the transcript was transformed into
content areas. The content areas that were identi ed are: 'De nition of coherence’, 'Current state of

coherence', 'Desire for improved coherence', 'Current problems' and 'Desired relationships between
reference architectures'.
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Step 3: Conduct a manifest analysis of content data

In the third step, each content area was separately analysed and the main statements of the transcript
corresponding to that content area were placed in the spreadsheet with data analysis results.
This step included the following sub-steps:

« |dentify the meaning units in the manifest content of each content area and condense them into
a description close to the original statement in the transcript.

* Name each of these condensed meaning units with a code.

« Sort the codes into subcategories based on their similarities. Name each of the subcategories
with a name that represents its content. Organise the subcategories and apply an overarching
category to them. Similarly, name each category with a name that represents its subcategories.
This was an iterative process.

« Express the overall interpretation of the underlying meaning of all categories in each content
area via one theme.

Step 4: Conduct a latent analysis of content data

After conducting the manifest analysis of the data, the latent analysis of the data was conducted. A
deeper understanding of the statements was retrieved and described in the spreadsheet with data
analysis results.

This step included the following sub-steps:

« ldentify the meaning units in the latent content of each content area and condense them into a
description close to the content area's original text.

« Concisely write the interpretation of each of these condensed meaning units.

« Lastly, the results of the previous steps are integrated into a table.

Step 5: Analyse interaction data

This step was already included in the rst step, by structuring the statements of the moderator and
participants into an organised format. Within this format, the interaction between the moderator and
participants(s) became clear. Phrases such as "To all participants” and "To P4” and chronology were
applied to the format.

Step 6: Integrate the results in each content area

The sixth step was about integrating the results of the manifest and latent analysis. So, integrate all
(sub-)categories and themes into a whole. The result was a spreadsheet with all analysis results,
consisting of two themes, ve categories and 14 sub-categories.

These analysis results can be found in Appendix E tables E.2 and E.3.

Step 7: Integrate and report the results of all content areas

In the nal step, the results of the focus group were summarised in a textual document called 'Bevin-
dingen focusgroep'. Next to this document, an ArchiMate view presenting the concise ndings of the
focus group was developed.

2.5 Survey

Forming conclusions about the desires of the whole architecture community solely based on the fo-
cus group data was not feasible. Consequently, it was essential to gather the opinions of a larger
group of digital architects working within the Dutch public sector to derive meaningful insights.
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Figure 2.4: The focus group data analysis process (in BPMN)

These opinions were gathered by conducting a survey. The survey was built with a tool called
Qualtrics®, which the BMS faculty of the University of Twente offered. This tool offers a diverse range
of question types. The types of questions that were chosen for this survey are: 'multiple choice’, 'text
entry', 'form eld' and 'matrix table'. In total, the survey contained 12 questions, which can be found
in Appendix G.

The survey's purpose was twofold, on one hand, the focus group data should be validated and on the
other hand, complemented. The questions of the survey ask for both quantitative and qualitative data.
The quantitative data was derived from the judgements of digital architects about the focus group
data. These judgements are about the stakeholders of the problem of a lack of coherence between
reference architectures, the problems at hand and the drivers for improved coherence. The qualitative
data was derived from asking the participants to come up with extra stakeholders, problems and
drivers. Lastly, the participants were asked to provide desired relationships between components of
reference architectures.

2.6 Case study

Given the scope of this research, it is worth highlighting that the treatment implementation phase
of the design cycle, outlined by Wieringa [1], will not be conducted. However, the most effective
approach to validate the research outcomes lies in their real-world implementation. This provides
insights from the users who would be actively applying the designed method. To simulate this imple-
mentation, a qualitative case study was undertaken to assess the artefact within its problem context.
Baxter and Jack [13] highlight that a qualitative case study is useful for exploring phenomena within
the problem context.

According to Baxter and Jack [13], the initial step in conducting a qualitative case study involves
determining the case. This case must be bounded to ensure it remains focused and does not have
a scope that is too broad. The case that is used in this research is that of de ning and establishing
relationships between reference architectures in the educational sector. Currently, an advisory group

1Qualtrics for the University of Twente, https://utwentebs.eu.qualtrics.com/
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is working on improved coherence between the educational reference architectures. This group con-
sists of digital architects who have contributed to (one of) the educational reference architectures.
The advisory documents and agreements of this advisory group were used by the researcher to con-
duct the case study.

To conduct the case study, the researcher used the designed method to de ne and establish some
relationships between ArchiMate elements of reference architectures in the educational sector. The
types of relationships were already de ned by the advisory group or by the experts who have con-
tributed to the educational reference architectures ROSA and FORA. These relationships are triples
that were established in a data model, which was published on a triple store. The relationships were
queried from wiki pages of the semantic wikis of reference architectures. So, the additional informa-
tion about the relationships of components of reference architectures became visible to stakeholders
browsing the semantic wikis.

2.7 Summary

To summarise the research design chapter, a schematic overview was developed. This overview can
be found in gure 2.5 below. In the overview, one can see which research questions belong to which
phase of the design cycle of Wieringa [1] and which research methods are used. Furthermore, the
research questions that correspond to the three phases of the design cycle are included.

Figure 2.5: Research design



Chapter 3

Theoretical Knowledge

In this chapter, rst, a theoretical background is provided about the research context. After that, the
bene ts of Enterprise Architecture (EA) for organisations in the public sector are investigated. After
that, the bene ts of using reference architectures for EA practices are investigated. Lastly, the use
of semantic wikis for organising and structuring architectural knowledge of reference architectures is
explored. The ndings are based on systematic and exploratory literature reviews.

In section 3.1, several concepts that are used in this research are explained and the de nitions of
these concepts are given. In sections 3.2 and 3.3, the results of the two systematic literature reviews
are presented. The rst systematic literature review resulted in a theoretical model with bene ts of

Enterprise Architecture for organisations in the public sector. The second systematic literature review
resulted in a list of bene ts of using reference architectures for EA practices. In section 3.4, semantic
wikis are explained and how these can be useful for reference architectures. These wikis are used
to organise and structure architectural knowledge of most of the reference architectures within the
Dutch public sector. The results are based on an exploratory literature review and knowledge of
reference architectures.

3.1 Background

This section provides a theoretical background that was gathered to understand the different con-
cepts used throughout this research. The knowledge was retrieved during an exploratory literature
review. Keywords such as "architecture”, "Enterprise Architecture”, "reference architecture” and "ref-
erentiearchitectuur”, "Reference Model” and "Enterprise Reference Architecture” were used to nd
relevant research papers about the concepts. Google Scholar is used to search for research papers.
In the rst section the concept ‘architecture’ is discussed. Secondly, the background of the eld

of 'Enterprise Architecture' is described. Third, the concept 'reference architecture' is discussed.
Fourthly, 'Reference Model' and the relationship with reference architectures are explained. Finally,
we delve into the concept of 'Enterprise Reference Architecture’, which is less frequently used in
literature.

3.1.1 Architecture

The term architecture has been known in the context of construction engineering for a long time,
however in the IT context it is also widely used. Architecture in IT can be de ned as the fundamental
concept or properties of a system in its environment embodied in its elements, relationships, and in
the principles of its design and evolution. This de nition comes from the ISO/IEC/IEEE 42010:2011
[14] standard which addresses the creation, analysis and sustainment of architectures of systems
through the use of architecture descriptions. Architecture Descriptions are brie y the documents
that express an architecture. A concise de nition of architecture is a "structure with a vision”. The
Open Group elaborates on the de nition of ISO/IEC/IEEE and de nes it as: 1. a formal description

of a system, or detailed plan of the system at component level to guide its implementation; 2. The

15
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structure of components, their interrelationships, and the principles and guidelines governing their
design and evolution over time [15]. The Open Group uses this de nition in the context of the The
Open Group Architecture Framework (TOGAF) standard, which is an architecture framework. This
architecture framework comprises methods and tools for assisting in the acceptance, production,
use, and maintenance of an Enterprise Architecture [15]. This concept will be further elaborated
upon in the next section.

3.1.2 Enterprise Architecture (EA)

The enterprise engineering discipline views enterprises as a whole and considers them as purpose-
fully designed systems that can be adapted and redesigned in a systematic and controlled way.
Enterprise Architecture (EA) can therefore be de ned as a coherent whole of principles, methods
and models that are used in the design and realisation of an enterprise's organisational structure,
business processes, information systems and infrastructure [16]. An enterprise is any set of organi-
sation(s) that has common goals and/or a single 'bottom line'.

EA provides the blueprint for systematically de ning an organisation's current and future environ-
ments, integrated with a process for development and maintenance. EA as a key planning discipline
guides and optimises an organisation's IT investments and translates business strategies into im-
plementable technology solutions [17]. EA can be considered as three different things, namely a
discipline in which changes in organisations are steered. It can be considered as a design product,
which shows the coherence between products, processes, organisation(s), information provision and
infrastructure. And lastly, it can be considered as a process, in which it is viewed as a 'way of work-
ing'. The most important characteristic of an EA is that it provides a holistic view on the enterprise.
This characteristic points to one of the most important roles of an EA: it serves as an instrument in the
communication among diverse groups and interests and provides a common ground for discussion
and decision-making [17].

The EA research domain originated after the publication of the Zachman framework developed by
John Zachman in 1987 [18]. According to Zachman [19], it iS necessary to use some architecture
for de ning and controlling the interfaces and the integration of all of the components of a system,
as information systems are increasing in size and complexity. Throughout the years, the Zachman
framework has been revised a couple of times. As mentioned, the rst published and original ver-
sion, appeared in the 1987 IBM Systems Journal. The latest version was established in 2011 and is
referred to as an Enterprise ontology. The ontology is a complete set of all the elements that should
exist in an Enterprise.

After the Zachman Framework was published, the application of EA practices followed shortly. Richard-
son, Jackson and Dickson [20] reported in 1990 the emerging Enterprise Information Technology
Architecture for a new joint venture. The paper brought two contributions, namely the identi cation
of principles upon which the architecture is being developed and a review of the learning process of
implementing the architecture.

Furthermore, different stakeholders can use different perspectives of Enterprise Architecture to look
at a certain Enterprise. There is a distinction made between stakeholders, their viewpoints, their
views, and their concerns. In the ISO/IEC/IEEE 42010 standard [14] these concepts are clearly
de ned together with the relationships between these concepts. The stakeholder has one or more
concerns about a system. This results in a perspective on the system of interest, which is called the
viewpoint. The view is the representation of the system from a certain perspective, i.e. viewpoint.
The conceptual model is represented in gure 3.1.

In current research, not only the Zachman Framework appears as an EA framework. Other important
frameworks are for example TOGAF [15] and the Federal Enterprise Architecture Framework (FEAF)
[21]. Most of the EA frameworks in the industry are methodologies derived from the Zachman Frame-
work, however in the Zachman Framework itself clearly no methodological implications are provided.
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Figure 3.1: A conceptual model of Architecture Description - ISO/IEC/IEEE 42010

More recently, ArchiMate as an EA modelling language and framework classi cation scheme has
arisen. Within this modelling language, EA representations can be developed in which concepts
from three architecture layers are distinguished: Business architecture, Application architecture and
Technology architecture [3]. The initial motivation for the adoption of ArchiMate was as follows: to
mobilise the EA practitioners to design EA models for the three partial architectures in a service-
oriented way in a formal language that is understandable and readable for all architects. The core
layers (business, application and technology) form the ArchiMate core framework, which is illustrated
in a simpli ed meta-model in gure 3.2. The core layers can be extended by the motivation layer,
implementation & migration layer, strategy layer and physical layer.

For about the last 35 years, EA has evolved and matured leading to the emergence of several studies,
conferences, frameworks and training programs. Even though the EA research domain is relatively
new, there are currently 5200 documents found on Enterprise Architecture in Scopus, which means
the domain has become mature over the years.

3.1.3 Reference architecture

The fast increase and diversi cation of architecture models over time have led to a broad and some-
what divergent set of interpretations and conceptualisations of the concept of reference architecture.
When terms such as "Enterprise Architecture”, "reference architecture”, "Reference Enterprise Ar-
chitecture” and "Enterprise Reference Architecture” tend to be used interchangeably in the literature,
it becomes even more indeterminate. According to [22] there is a lack of maturity of the term "ref-
erence architecture”, since the form that it takes is not solidi ed, and has become a term to mean
many things to different people either within the same industry or not. In a general sense, a reference
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Figure 3.2: Simpli ed ArchiMate meta-model [3]

architecture can be seen as an abstract and generic architecture description for a class of systems
or a concrete targeted domain. Reference architectures emerge as abstractions of concrete solution
architectures from a certain class of systems used as a foundation for the design of concrete archi-
tectures from this class, although their generic nature leads to a less de ned architecture design and
application contexts [9].

It becomes clear from the literature that there are reference architectures for an architecture for
a particular domain, whereas there is a distinction between a Software Architecture (SA) and an
Enterprise Architecture. For both cases, the reference architecture provides a template solution for
architecture (respectively software — or Enterprise Architecture) for a particular domain. A reference
architecture also provides a common vocabulary with which to discuss implementations, often with
the aim of stressing commonality. The reference architecture concept is less investigated in the
Enterprise Reference Architecture (ERA) eld than in Software Reference Architecture (SRA). The
de nition of the SRA is a generic software architecture for a class of software systems that is used
as a foundation for the design of concrete architectures of systems from this class [23]. A concrete
architecture is the architectural description document of a concrete software system. Throughout
this research, the concept reference architecture will only be referred to as an Enterprise Reference
Architecture, instead of a Software Reference Architecture.

3.1.4 Reference Model

Reference Models (RMs) can be de ned as the core building blocks of a reference architecture, as
they provide a clear view of the domain of interest of the reference architecture incorporating best-
practice solutions as reusable knowledge that can be later adjusted or tweaked for context-speci ¢
needs [9]. However, Reference Model (RM)s are not always part of a reference architecture. In
those cases, the RM exists independently and works autonomously. Reference Models can also be
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referred to as model patterns. One could argue that every (partial) model that can be used to support
the development of another model can be seen, in this sense, as a reference model.

3.1.5 Enterprise Reference Architecture

The de nition of an Enterprise Reference Architecture is a generic EA for a class of enterprises, that
is a coherent whole of EA design principles, methods and models which are used as a foundation in
the design and realisation of the concrete EA that consists of three coherent partial architectures: the
business architecture, the application architecture and the technology architecture [4]. To visualise
the de nition of an ERA, a conceptual model is provided, which can be found in gure 3.3.

In Dutch, the term Enterprise Reference Architecture does not occur, only that of reference architec-
ture (Dutch: referentiearchitectuur). Because of this, and because of the comprehensive de nition
of reference architecture earlier given, the following de nition will be used throughout this research.
This de nition reads: "A reference architecture is a generic architecture for a class of systems that
is used as a foundation for the design of concrete architectures from this class.” [9] So, when the
term reference architecture is used, also the term Enterprise Reference Architecture is meant in this
research.

Figure 3.3: Conceptual model for reference architectures, adapted from [4]
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3.2 Enterprise Architecture bene ts for the public sector

In this section, the bene ts of Enterprise Architecture for organisations in the public sector are de-
scribed. The bene ts are based on the found research papers in a Systematic Literature Review
(SLR). The corresponding research question (RQ1) is: "How can organisations in the public sector
bene t from Enterprise Architecture?”. The SLR will follow the phases described by Kitchenham [11],
which are planning the review, conducting the review and reporting the review. The following sections
provide further elaboration on the steps associated with each phase.

3.2.1 Planning the review

Before conducting a SLR, a review protocol should be developed. The development of the review
protocols for both SLRs was based on the adoption of the following methods from Kitchenham [11]:

» The search query is appropriately derived from the research question.
e The data to be extracted will properly address the research question.
« The data analysis procedure is appropriate to answer the research questions.

3.2.2 Conducting the review

In this section, the documentation of the execution of the rst SLR can be found. A complete visuali-
sation of the process can be found in Appendix A gure A.1.

Search Strategy

The rst step in conducting a SLR is de ning a search strategy. The goal of the rst SLR isto nd
primary studies with the main topic being EA bene ts for organisations in the public sector. To nd
relevant papers, | made use of the following digital libraries: Scopus, Web of Science, IEEE Xplore
and ACM. The digital libraries contain mainly (peer-reviewed) publications from signi cant journals
and conferences. | assume that this set of digital libraries ensures suf cient coverage of the Enter-
prise Architecture research domain because Scopus and Web of Science are considered the two
most extensive digital libraries [24]. Furthermore, | used Google Scholar and FindUT to retrieve PDF
formats of the research papers.

To search within the digital libraries, some choices need to be made about the search parameters.
By applying an iterated search approach | de ned the search parameters per digital library, which
can be found in table 3.1. These search parameters are based on the amount of relevant documents
that were found in a digital library and the options that were available within these libraries.

Digital Libraries Search Parameters

Scopus [title — abstract — keyword]
Web of Science [topic]

IEEE Xplore [title — abstract — keyword]
ACM [abstract]

Table 3.1: SLR1 and SLR2 search parameters

In order to answer RQ1: "How can organisations in the public sector bene t from Enterprise Archi-
tecture?” a speci c search query is constructed. A search query is nothing more than a series of
keywords together with a couple of operators and probably wildcards (AND, OR, * and ?). In order to
develop a search query, | have evaluated a series of keywords using synonyms from a thesaurus?.
The "AND” operator is used to ensure that in the searches, there is a connection between Enterprise
Architecture, bene ts and governmental organisations or organisations in the public sector. The "OR”

1Thesaurus, www.thesaurus.com
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operator was used for the synonyms of the word "bene t” to increase the variety of search results.
Eventually, the focus of the research will be on the whole public sector in the Netherlands, so | choose
to include "public sector” and "government” as keywords. The search query that was used is stated
below.

"Enterprise Architecture” AND government OR “public sector” AND bene t OR improvement
OR pro t OR gain OR advancement OR advantage OR success OR value OR contribution OR
valuation OR effectiveness

When using this search query in the four digital libraries resulted in 401 found documents. The exe-
cution of the search query was on the 26th of April 2023. Publications after that date are not taken
into account. The number of publications per year in the most comprehensive digital library Scopus
can be found in gure 3.4.

Figure 3.4: Publications per year in Scopus of SLR1 (2003-2023)

As can be seen from gure 3.4, the rst publication on the topic was in 2003. After that, there

are steep increases in publications visible from 2006 to 2008, from 2009 to 2012 and from 2015 to
2017. In 2009, again only one document was published, which is noteworthy. In the years 2012 and
2013, most of the publications occurred. From the graph, it can be concluded that from 2008 until
2021 (with 2009, 2010 and 2015 as outliers) researchers found the topic highly relevant. Because
of this and because of the fact that older publications discuss obsolete issues, publications before
2008 are not taken into account. Currently, the research topic has experienced a slight decrease in
popularity. This analysis is done with some cautiousness, as the gure only shows the number of
publications available in Scopus and the publications partly related to the 'topic’ are also included,
since no selection procedure was yet conducted.

Study selection process

The study selection process of the SLR consists of a couple of steps, namely: removing duplicates,
Itering on document type, reviewing the papers on title and abstract, applying the in- and exclusion
criteria, applying the forward and backward snowballing technique and critically reviewing the papers.
| have made use of Zotero, a reference management tool, in which the different reference sets could
be stored and altered.

First, the duplicate items were removed (Step 1). This was still a manual operation, as all duplicate
items could be merged with each other by a single click. This action resulted in a remaining set of
232 papers.
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Filtering the set of papers on document type was the second step and resulted in a remaining set
of 214 documents, which were only journal articles, conference papers and book chapters (Step II).
The distribution of journal articles, conference papers and book chapters can be seen in gure 3.5.
This gure reveals a substantial presence of 146 conference papers (68%), a smaller number of 45
journal articles (21%), and a limited number of 23 book chapters (11%).

Figure 3.5: Distribution of document types of SLR1 (2003-2023)

From this moment, the papers were reviewed by reading the title and abstract of every paper (step
[l). This action resulted in 71 papers that were in the remaining set of papers. The reasons for ex-
clusion, based on the title and abstract of the paper, are stated in table 3.2

Reason for exclusion Excluded papers
Irrelevant, other research topic 114

Irrelevant, public sector context is missing 29

Total 143

Table 3.2: Reviewing the papers on title and abstract for SLR1 (step Ill)

These 71 papers were further reviewed, by applying the in- and exclusion criteria. The criterion IC1
was applied by skimming the full text of the research papers and searching for the words "Enterprise
Architecture”, "public sector” and "bene t” and the chosen synonyms. This way, not the full text had
to be read, which fastened the process. All inclusion criteria were also used in an opposite way, as
exclusion criteria. For example, papers written in another language than English (IC2) were excluded.
Next to the language, | checked on the document type and whether these were published in a journal,
conference or book (IC3). The in- and exclusion criteria can be found below.

¢ Inclusion criteria

— IC1 The paper relates to the research interest, i.e. it addresses the information on the
interest of the research questions.
— IC2 The paper is written in English.

— IC3 The paper was published in a journal, conference or book.
 Exclusion criteria

— EC1 Non-studies, e.g. introduction texts for conference proceedings or introductions of
books.

— EC2 There is no access available to the paper.
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— EC3 The paper was published before 2008.
— EC4 The paper discusses Enterprise Architecture bene ts as a side topic.
Fourthly, the rst three exclusion criteria (EC1-EC3) were applied, which was a relatively simple step

and nished before applying the fourth exclusion criterion (step 1V). To further elaborate on this step,
the number of papers that were excluded based on these three criteria are stated in table 3.3.

Exclusion Criteria Excluded papers
EC1: There is no access to the paper 17
EC2: Non-studies, e.g., introduction texts for conference proceedings or in- 2
troductions of books

EC3: The paper is published before 2008 8
Total 27

Table 3.3: Application of exclusion criteria EC1-EC3 for SLR1 (step 1V)

After the application of exclusion criteria EC1-EC3, a shortlist consisting of 44 papers remained.
This shortlist can be found in Appendix B, tables B1 and B2. To categorise the papers in this shortlist
based on the type of contribution, | have divided the papers into ten categories, which can be seen in
table 3.4. Some papers can be in multiple categories, however, for clarity reasons, there was chosen
to place them in the most suitable category. When a paper was not related to one of the categories,
it was placed in the category 'other research’. The 'Paper No." column refers to the paper numbers
that can be found in Appendix B, tables B1 and B2.

In a large number of papers, a framework/methodology is developed to guide or analyse Enterprise
Architecture practices. Moreover, the assessment of Enterprise Architecture is often addressed by
models developed in the papers. Furthermore, a large number of papers analyse EA adoption in
organisations in the public sector and address the readiness factors of organisations. The most rel-
evant category is the 'Analysis of EA bene ts and value', in which seven papers are included. A few
papers address EA challenges that occur during adoption or implementation. Furthermore, a few
papers address EA implementations in speci ¢ contexts. Moreover, the relationship between EA and
Risk Management has been addressed in two papers. Additionally, the analysis of EA maturity in
organisations has been addressed in two papers. Lastly, one can conclude from this shortlist that
a large number of papers consist of artefact development or EA analysis and most of the papers
mention EA bene ts brie y in the introduction section.

No. Category Description Paper No. Total

1 Development of a framework for EA 2,4,9, 20, 26, 35, 44 7
2 Development of a methodology for EA 5,29, 32, 34 4
3 Development of a model for EA assessment 1, 14, 25, 38, 40 5
4 Analysis of EA adoption and readiness 3,15,17, 27, 28, 31, 39, 41 8
5 Analysis of EA bene ts and value 7,8, 13, 23, 24, 29, 37 7

6 Analysis of EA implementation 12,18, 19, 22 4
7 Analysis of EA and Risk Management 6, 10 2
8 Analysis of EA maturity 11,21 2
9 Analysis of EA challenges 30, 33 2
10 Other research 16, 24, 36, 42, 43 6
Total 44

Table 3.4: Categorisation of shortlist papers of SLR1

The fth step was that of applying EC4, which was an important and lengthy process (step V). The
complete shortlist of papers including the application of EC4 can be found in tables B1 and B2 of
Appendix B. When applying EC4: "The paper discusses Enterprise Architecture bene ts as a side



CHAPTER 3. THEORETICAL KNOWLEDGE 24

topic.”, 34 papers were excluded from the set, as the papers were critically scanned through and the
number of papers that discuss EA bene ts as a main topic is low.

The inclusion and exclusion criteria were used to identify the papers that support the interest of the
research to the highest extent. After applying all in- and exclusion criteria ten papers were remain-
ing. To further reduce the probability of missing relevant information from papers that have not been
included, another two papers were identi ed by using the snowballing technique [25] (step VI). This
technique consists of a backward and forward search and was conducted by analysing the bibliogra-
phies and citations of the ten papers.

The nal step of the study selection process was to critically review the remaining set of papers by
reading the full text of the papers (step VII). When reading the full text, it became clear that another
two papers could be excluded from the set of papers, which resulted in a nal set of ten papers.
These papers were relevant enough to include in the results of the rst SLR, aiming to answer the
rst research question.

3.2.3 Reporting the review

In table 3.5 the nal set of research papers can be found, with descriptive information on the pub-
lication year, author, document type and used research methods. One of them is a PhD thesis, of
which part of it is published in a book. The research methods of the papers are indicated with the fol-
lowing characters: Case Study (C), Design Theory research (D), Delphi study (DE), Design Science
Research (DS), Expert workshop (E), Expert Interview (1), Literature review (L) and Survey (S).

Ref. Year Author Type Research methods
[26] 2008 Dyer, A. PhD thesis DL

[27] 2011 van Steenbergen et al. Conference paper (EDOCW) S

[28] 2012 Janssen, M. & Klievink, B. Journal article (TGPPP) C.E

[29] 2013 Janssenetal. Conference paper (EGOV) L

[30] 2014 Carvalho, J. & Sousa, R.D. Conference paper (AMCIS) CLLS
[31] 2016 Niemi, E.I. & Pekkola, S. Journal article (SIGMIS) C 1

[32] 2017 Syynimaa, N. Conference paper (LNBIP) DE, DS
[33] 2019 Pandurangi, G. & Nagalakshmi, V.  Journal article (IJERT) E I L
[34] 2020 Niemi, E.l. & Pekkola, S. Journal article (BISE) C

[35] 2021 Espinosa et al. Journal article (IEEE T.E.M.) C

Table 3.5:; Final set of papers of SLR1

Enterprise Architecture and organisational bene ts

Van Steenbergen et al. [27] analysed the relationship between EA techniques being used and the
bene ts that are perceived. This analysis was based on 293 survey responses from EA experts,
with a large representation (32.8%) of people active in the public sector, either from the govern-
ment (31.1%) or education and research (1.7%). Eventually, ve organisational bene ts were widely
perceived as being contributed to by EA. These were:

« 'accomplish enterprise-wide goals instead of (possibly contradictory) local optimisations’

« 'provide insight into the complexity of the organisation’

« 'integrate, standardise and/or deduplicate related processes and systems'

« 'depict a clear image of the desired future situation’

« 'enable different stakeholders to communicate with each other effectively’
However, [27] also indicates that the public sector appears to reap less bene ts from EA than organ-

isations in other sectors. Furthermore, projects in the public sector less frequently comply with EA
than in other sectors. Evidence of this could not be found in the other research papers.
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Carvalho and Sousa [30] investigated if EA enables organisational agility for an organisation in the
public sector. As described by them "Any public administration looking to strive and prepare for or-
ganisational change requires data, applications and technology models to provide a holistic view of
the organisation in a business context. Business-IT alignment seems to be central to enabling organi-
sational agility and EA is a way of achieving that alignment.”. The use of Enterprise Architecture (EA)
facilitates the attainment of organisational agility by offering a comprehensive and forward-looking
perspective on business processes, systems, and technologies. This enables the organisation to
anticipate on future changes and prepare accordingly. The study is based on a single Case Study at
a large Portuguese municipality.

Janssen et al. [29] have researched the Government Architecture in two countries, Norway and the
Netherlands. They stated that organisations in the public sector can bene t from Enterprise Architec-
ture (EA) by using it as a tool to guide and direct the development of ICT projects in the government.
EA provides a framework for decision-making when designing new systems, and it is concerned
about "doing the right thing” and not about "how” it should be accomplished. The direct bene ts that
were claimed in this research are better interoperability, reuse, improved exibility/agility and infor-
mation quality. The indirect bene ts claimed are improved communication and decision-making, and
an optimal t between organisation and technology. All claimed bene ts are based on the literature

and on observations, which makes the conclusions of the paper not strong.

According to Syynimaa [32], EA is supportive in aligning business and IT, improving decision-making,
improving operations, managing complexity and reducing duplication. Furthermore, EA can provide
a holistic view of the organisation's current and future state, which can help in identifying gaps and
opportunities for improvement. Additionally, EA can help in managing risks and compliance with reg-
ulations. The focus of this paper was more on the development of a methodology around EA bene ts,
to get a mandate in an organisation to use Enterprise Architecture.

Pandurangi and Nagalakshmi [33] came up with EA bene ts for governmental organisations that
can be classi ed into the following categories: Enhancing the Citizen Service Delivery, Re ning the

Systemic Processes and Competencies, Standardisation and reducing the Risk, Providing Common
Insights and Overviews, Communicating and Handling the effect of Change and Enabling Modernisa-
tion / Improvement / Innovation. The research paper also proposes the 4-PM model, which includes
four major EA value promoters: business process re-engineering, adoption of standards, resources
optimisation and change management.

Niemi and Pekkola [34] suggest that Enterprise Architecture (EA) can bene t organisations in the
public sector by providing a planning and governance approach to manage complexity and constant
change, and to align the organisation towards a common goal. The paper highlights that EA can help
organisations and their people to comprehensively understand their business functions, processes,
information systems, and their mutual dependencies. So, organisations in the public sector can
improve their organisational communication, provide directions for improvement, improve resource
consolidations, reduce costs and reduce complexity.

Espinosa et al. [35] stated that Enterprise Architecture (EA) offers various bene ts to organisations
in the public sector. These include reduced redundancy, improved integration, and effective reuse
of data, processes, and technology. These bene ts will eventually lead to cost savings, increased
ef ciency, and better IT-business alignment. EA also facilitates collaboration among stakeholders,
enhancing communication and coordination. As organisations become more pro cient in architecting
(conducting EA practices), the bene ts create an iterative effect, strengthening shared understanding
and coordination across the organisation. This fosters a continual improvement process.

Enterprise Architecture and Knowledge Management

In 2008 Dyer identi ed a gap in the literature, which was concerned about the following question:
"How do we know if creating an Enterprise Architecture is bene cial for an organisation?” [26]. At that
time, there were no contributions to the identi cation of organisational bene ts yielded by Enterprise
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Architecture. The question of his PhD thesis was narrowed down to "Does creating an Enterprise
Architecture improve the Knowledge Management of an organisation?”. In other words, another
organisational factor that in uences organisational performance is linked to Enterprise Architecture.
In his work there is a strong focus on public organisations, however, private organisations were not
excluded. This, and the fact that there is no empirical evidence for the relation, limits the conclusion
of Dyer's work. Eventually, Dyer concluded that formalising the architecture of an enterprise has
multiple bene ts and that Knowledge Management can be an indicator for organisations to measure
the bene ts of EA.

Enterprise Architecture and project bene ts

According to Janssen and Klievink [28], organisations in the public sector can bene t from Enterprise
Architecture (EA) by incorporating risk management as an integral part of the architecture. EA can
be viewed as an instrument for risk management that is complementary to risk mitigation in project
management approaches. One can conclude that when including risk management in Enterprise
Architecture, IT project failure can be decreased. Furthermore, the ndings suggest that projects
giving less attention to EA or risk management separately have a higher failure rate.

Furthermore, van Steenbergen et al. [27] concluded that when projects conform to the Enterprise
Architecture of the organisation, projects more often deliver the desired quality than projects that do
not conform to the EA.

Enterprise Architecture bene t realisation

Niemi and Pekkola [31] primarily focused on analysing the existing EA bene t realisation models and
developing a new EA bene t realisation model. In their new model, they differentiate between rst,
second and third-level EA bene ts. Furthermore, they claim that EA bene ts can only be realised
by the appropriate use of EA results and the successful day-to-day functioning of the EA processes.
The bene ts that are included in their model are vaguely described and are therefore not included in
this research. Furthermore, it is claimed that direct bene ts seem to have more impact on individual
stakeholders whilst the indirect bene ts are more organisational.

Mapping the bene ts

The research papers of the nal set are different in context, purpose and research methods, however,
each paper addresses the topic of Enterprise Architecture in (an) organisation(s) and whether or not
this is bene cial for the organisation(s). Based on a synthesised list of bene ts constructed by [34],
all claimed and empirically tested bene ts are listed in a table. Most of the bene ts are mapped on
the bene ts from [34], which was not a one-on-one task but needed to t the bene ts in a theoretical
model. So, some bene ts are merged and summarised in one overarching bene t. An overview of
all bene ts, including the corresponding references, can be found in table 3.6.

In table 3.7 there can be found a complete overview of the nal set of papers of SLR1. This table
includes characteristics of the studies, such as the empirical evidence (if existing), the research
setting, the country in which the study was performed and a short description of the contribution of
the paper.

Theoretical model

To conclude this part of the research, a theoretical model is developed based on the perceived bene-
ts that are claimed or empirically tested by the studies found during the rst SLR. Not every bene t
in the literature has been empirically tested, as the measurement of bene ts for (public) organisations
remains complex and sometimes even not doable.

The main constructs of the theoretical model are 'successful EA adoption', ‘organisational bene ts',
'project bene ts' and 'organisational performance’. To further develop the model, all bene ts from



CHAPTER 3. THEORETICAL KNOWLEDGE 27
Bene't Reference
Improve Knowledge Management [26]
Improve communication [29], [30], [33], [34]
Improve organisational agility [29], [30]
Insight into organisational complexity  [27], [34], [35]
Reuse of components [29], [34], [35]
Improve interoperability [29], [32]
Improve information quality [26], [29]
Improve Business-IT alignment [27], [35]
Reduction of duplication [29], [30], [35]
Improve decision-making [26], [29], [30], [31]
Cost reduction [30], [31], [35]
Deliver desired quality of project [27]
Less project failure [28]

Table 3.6: Perceived bene ts of Enterprise Architecture for public organisations

table 3.6 are placed in the organisational bene ts section or the project bene ts section. This dis-

tinction is made, as studies explicitly mentioned this distinction in the results. All relationships, e.qg.
arrows, are positive relationships. So, a successful EA adoption at a public organisation implies
to have a positive effect on the organisational bene ts. There is a legend included with indicating
colours.

Furthermore, the bene ts are de ned as 'empirically tested' when there is empirical evidence found
for the benet in at least one of the research papers. When no empirical evidence was found, the
bene ts were de ned as ‘claimed, not empirically tested'.

Moreover, two requirements were included in the model, which are requirements for the relationship
between a 'successful EA adoption' and 'project bene ts'. These requirements were included in the
studies about these bene ts. The relationship between a 'successful EA adoption' and 'deliver the
desired quality of project' can be read as: 'A successful EA adoption at a public organisation delivers
the desired quality of projects more often when these projects conform to EA'. The other relationship
can be read as: 'A successful EA adoption at a public organisation ensures less project failure when
Risk Management is included in the EA'".

Additionally, | assume that 'deliver desired quality of project' and 'less project failure' has a positive
effect on the bene t 'improve project performance’, which is a bene t included by the author of this
research.

Lastly, the bene t 'improve knowledge management' is claimed and not empirically tested, however,
it is a strong indicator for measuring the organisational bene ts in general, according to [26]. The
theoretical model can be found in gure 3.6.
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Figure 3.6: Theoretical model on EA bene ts for organisations in the public sector

28
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3.2.4 Discussion

Apparent from this Systematic Literature Review is that there is a lack of empirical studies on this
research topic. Eight of the ten papers have empirical evidence for their results. Furthermore, six
analysis studies were found. In two of the papers, a conceptual model is developed, in one of the
papers a framework and in one of the papers a methodology. Moreover, it is remarkable that three
included research papers were written in The Netherlands and three in Finland.

3.2.5 Conclusion

This part of the research aimed to get a thorough understanding of the perceived bene ts of EA for
organisations in the public sector, by doing a state-of-the-art Systematic Literature Review (SLR).
The rst research question, related to this SLR was: "How can organisations in the public sector
bene t from Enterprise Architecture?”. Based on the found and selected literature, 11 organisational
bene ts have been found of which four were empirically tested and seven were claimed and not em-
pirically tested. Furthermore, two bene ts of EA for projects are found, that were both empirically
tested in the literature. These bene ts are based on ten research papers that can be found in table
3.7.

The bene ts that were empirically tested in one or more studies are in bold text. The organisational
bene ts include 'improve knowledge management' (1), ‘improve communication' (2) , 'improve
organisational agility' (3) , 'insight into organisational complexity' (4) , 'reuse of components'
(5), 'improve interoperability’ (6), 'improve information quality' (7), 'improve Business-IT alignment'
(8), reduction of duplication’ (9), 'improve decision-making' (10) and 'cost reduction’ (11). The project
bene ts that are found are 'deliver desired quality of project' (12) and 'less project failure' (13)
From the two project bene ts, | assume that these yield an af liated organisational bene t 'improve
project performance’. To summarise the ndings of this SLR, a theoretical model is developed based
on the found studies that provide a clear overview of the (claimed) bene ts of EA for organisations in
the public sector. The theoretical model model can be found in gure 3.6.
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Ref.  Result Empirical Research setting Country Contribution of the paper

evidence

[26]  Framework None Literature/observations on EA  Australia Development of a framework to
and Knowledge Management & measure the effectiveness of
informal validation of the frame- EA implementation by looking
work in a small Australian enter- at the Knowledge Management
prise providing services to the perspective.

Government.

[27]  Analysis Survey A survey from 2010 with a total The Nether- Analysis of the relationship be-
of n = 293 valid responses. The lands tween EA techniques being
responses came from a wide va- used and bene ts that are per-
riety of organisations, the public ceived, as well as the in uence
sector was strongly represented of contextual factors.

(31.1%).
[28]  Analysis Case A workshop session in 2009 with The Nether-  Analysis of the relationship be-
Study in total 15 participants involved lands tween project failure and the at-
in EA and ICT projects of the tention to EA or Risk Manage-
Government. ment.
[29] Conceptual None Literature/Observations of Gov- The Nether- Development of a conceptual
model ernment Architecture practices lands model illustrating the relation-
in The Netherlands and Norway. ships between Government
Architecture  concepts, its
use, benets and public value
drivers.

[30] Analysis Case A Case Study at a large Por-  Portugal Analysis of the relationship be-

Study tugese municipality using a tween the development and use
mixed-methods approach (doc- of EA and the enabling of organ-
ument analysis, interviews and isational agility.
guestionnaires).

[31] Analysis Case A Case Study in a large Finnish  Finland Development of a model and cri-

Study public sector organisation. The teria for analysing the existing
organisation was observed and EA bene t realisation models.
14 semi-structured EA stake-
holder interviews were held.

[32] Methodology  Delphi A Delphi Study with a panel of Finland Development of an EA adoption

Study EA experts, the focus of the methodology, with a large focus
study was on the Finnish public on EA bene ts.
sector

[33] Conceptual Focus Literature on EA benets and India Development of the 4-pillar

model group EA value proposition & focused model (4PM) of EA value
study discussions with experts head- promotors. The benets are
ing the EA development teams derived from EA adoption.
of the Government of India.

[34]  Analysis Case Case Study at a large Finnish  Finland Analysis of the EA benet-

Study public sector organisation. realisation process with a spe-

cic focus on strategies, re-
sources, and practices which
the EA bene ts stem from.

[35]  Analysis Case A multiple-Case Study of six or-  United Analysis of how implicit and ex-

Study ganisations, including two gov-  States plicit coordination in uence ar-

ernment agencies, one institu-
tion and two private companies
in the U.S., and one government
agency in Asia.

chitecting effectiveness.

Table 3.7: Overview of papers in the nal set of SLR1
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3.3 Reference architecture bene ts for EA practices

This section describes the bene ts of using reference architectures for Enterprise Architecture prac-
tices, based on a Systematic Literature Review (SLR). The corresponding research question (RQ2)
is: "How can reference architectures improve Enterprise Architecture practices?”. To conduct this
SLR, | have used a similar approach as in the rst SLR. Therefore, not the whole process of planning,
conducting and reporting the review is described but minimised to the most essential and differing el-
ements of the phase 'conducting the review', followed by 'reporting the review'. The main differences
with the rst SLR are the use of different in- and exclusion criteria and no snowballing technique is
used, but a manual search for Dutch papers in Google Scholar.

3.3.1 Conducting the review

In this section, the documentation of the execution of the second SLR can be found. A complete
visualisation of the process can be found in Appendix A gure A.2.

Search Strategy

To nd relevant papers on the bene ts of reference architectures, related to Enterprise Architecture
instead of Software Architecture the following search query is constructed:

("reference architecture” AND "Enterprise Architecture”) OR "reference Enterprise Architec-
ture” OR "enterprise reference architecture”) AND (bene t OR improvement OR pro t OR gain
OR advancement OR advantage OR success OR value OR contribution OR valuation OR ef-
fectiveness)

This search query resulted in 116 documents that were found within the four digital libraries. The
execution of the search query was on the 6th of June 2023. Publications after that date are not taken
into account. The number of publications per year in the most comprehensive digital library Scopus
can be found in gure 3.7.

Figure 3.7: Publications per year in Scopus of SLR2 (1997-2023)

This gure illustrates the publication trend over time. From 1997 to 2001, there were a limited number
of publications. Between the years 2001 and 2017, there was a relatively steady and consistent trend
in the number of publications. Notably, starting from 2017, a sharp increase in publications can be
observed, peaking in 2021 with a total of nine publications on this research topic. This analysis is
done with some cautiousness, as the gure only shows the number of publications available in Sco-
pus and the publications partly related to the 'topic' are also included, since no selection procedure
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was yet conducted.

Next to the search query, there is also manually searched for relevant research papers in Google
Scholar by using the search query and search terms such as "referentiearchitectuur”, "referentie
architectuur” and "referentie-architectuur”. The reason behind this is that the focus of this research is
on reference architectures within the Dutch public sector, which means that research papers in Dutch

could be relevant.

Study selection process

The study selection process of the second SLR is slightly different than that of the rst one. The
steps of removing duplicates (step ), Itering on document type (step Il) and reviewing the papers
based on title and abstract are the same (step Ill). After removing the duplicates and Itering the set
of papers on document type, there were 75 papers left, which were only journal articles, conference
papers and book chapters. The distribution of journal articles, conference papers and book chapters
can be seen in gure 3.8. This gure reveals a substantial presence of 54 conference papers (72%),
a smaller number of 19 journal articles (25%), and a limited number of 2 book chapters (3%).

Figure 3.8: Distribution of document types of SLR2 (1997-2023)

From this moment, the papers were reviewed by reading the title and abstract of every paper (step
). This action resulted in 46 papers that were in the remaining set of papers.

These 46 papers were further reviewed, by applying the somewhat different in- and exclusion criteria.
EC3 of the rst SLR was removed, as the number of papers is relatively small, and there is no
steep increase in publications visible around a certain year. The new EC3 will now be: "The paper
discusses reference architectures and the bene ts of it for EA practices as a side topic.”. All in- and
exclusion criteria for the second SLR are for clarity reasons listed below.

« Inclusion criteria

— IC1 The paper relates to the research interest, i.e. it addresses the information on the
interest of the research questions.
— IC2 The paper is written in English.

— IC3 The paper was published in a journal, conference or book.

¢ Exclusion criteria
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— EC1 Non-studies, e.g. introduction texts for conference proceedings or introductions of
books.

— EC2 There is no access available to the paper.

— EC3 The paper discusses reference architectures and the bene ts of them for EA practices
as a side topic.

Fourthly, the rst two exclusion criteria (EC1-EC2) were applied (step V), which was a relatively sim-
ple step and nished before applying the third exclusion criterion. To further elaborate on this step,
the number of papers that were excluded based on these two criteria are stated in table 3.8.

Exclusion Criteria Excluded papers
EC1: There is no access to the paper 7
EC2: Non-studies, e.g., introduction texts for conference proceedings or in- 2
troductions of books

Total 9

Table 3.8: Application of exclusion criteria EC1-EC2 for SLR2 (step 1V)

After the application of exclusion criteria EC1-EC2, a shortlist consisting of 37 papers remained. The
contributions of the papers, however, are too diverse to categorise the papers. Therefore, | have
chosen to not perform a categorisation as in the rst SLR.

The fth step was that of applying EC3, which was once more an important and lengthy process
(step V). The complete shortlist of papers including the application of EC3 can be found in tables C1
and C2 of Appendix C. When applying EC3: "The paper discusses reference architectures and the
bene ts of it for EA practices as a side topic”, 32 papers were excluded from the set, as the papers
were critically scanned through and the number of papers that discusses reference architectures and
the bene ts of using them for EA practices is low.

After applying all in- and exclusion criteria ve papers were remaining. To further reduce the probabil-
ity of missing relevant information from papers that have not been included, another four papers were
identi ed by manually searching in Google Scholar (step VI). This included the search for papers in
Dutch.

The nal step of the study selection process was to critically review the remaining set of papers by
reading the full text of the papers (step VII). When reading the full text, it became clear that one paper
could be excluded, which resulted in a nal set of eight papers. These papers were relevant enough
to include in the results of the second SLR, aiming to answer the second research question.

3.3.2 Reporting the review

In table 3.9 there can be found descriptive information about the nal set of research papers, with
the publication year, author, document type and used research methods. The research methods are
abbreviated with the following characters: Literature review (L), Case study (C), Expert interviews (1)
and Design Science (DS).

In 2017, Sanchez-Puchol & Pastor-Collado published a primer literature review on Enterprise Ref-
erence Architectures (ERAS) [41]. The review resulted in a comprehensible overview of high-quality
studies for ERAs. They stated that there is a lack of empirical studies on this research topic, especially
concerned with proving the bene ts of reference architectures. During this Systematic Literature Re-
view, | can con rm that this topic is still under-researched and lacks empirical research. However,
from the literature, a clear view is developed of the functions of reference architectures.

The working de nition of a reference architecture is a generic architecture for a class of systems
that is used as a foundation for the design of concrete architectures from this class [9]. It becomes



CHAPTER 3. THEORETICAL KNOWLEDGE 34

Ref. Year Author Type Research method
[36] 2003 Vesterager et al. Conference Paper (VTT) C

[37] 2009 Lankhorst et al. Book chapter C

[38] 2011 Beckeretal. Conference Paper (ICPS) L, C

[39] 2011 Greefhorst, D. Journal Article (NOVA) C

[4] 2012 Ten Harmsen van der Beek etal. Conference paper (LNBIP) L, DS, |

[40] 2015 Zimmermann et al. Conference paper (EDOCW) C

[41] 2017 Sanchez-Puchol et al. Conference paper (MCIS) L

[42] 2018 Sanchez-Puchol et al. Journal Article (1JCSIS) L

Table 3.9: Final set of papers of SLR2

clear from the literature that reference architectures are bene cial and have multiple functions for
EA practitioners, which will be discussed in this section. The potential users of reference archi-
tectures are enterprise architects, solutions architects, project architects, architecture governance
boards, business managers, program managers, business consultants, information managers, CIOs
and suppliers [4].

Improved stakeholder communication

First, reference architectures can provide a common language for EA stakeholders to communicate
effectively [36] [37] [4]. A common 'ground’ is created for architects working on the same type of
enterprise. A reference architecture can ensure that all stakeholders have a shared understanding
of a speci ¢ type of an enterprise's goals, processes, and systems, i.e. its architecture.

Instrument for guidance

Secondly, reference architectures can help to reduce the complexity of developing an EA by providing
a set of generic architecture principles, prede ned models, reusable patterns, and best practices
that can be reused across different projects and initiatives [36] [37] [43]. This can save time and
resources, and also improve the consistency and quality of EA deliverables [4] [36] [43].

Quality and consistency of Enterprise Architectures

Thirdly, reference architectures are perceived as directional during the design, realisation and mainte-
nance of the Enterprise Architecture for a speci c type of enterprise [4] [40]. The collected knowledge
and best practices that are available within the reference architectures can be leveraged to improve
the quality and consistency of Enterprise Architectures.

Becker et al. [38] state that reference architectures can improve Enterprise Architecture (EA) prac-
tices by providing a framework for accommodating the concerns of digital preservation in EA prac-
tice. Reference architectures can help reconcile potentially con icting domain-speci ¢ knowledge

sources, align viewpoints, and foster common understanding. In [37], a service-oriented reference
architecture for the Dutch government, i.e. NORA, is developed and future directions are described.
This reference architecture is seen as an important guideline for the architectural practices of many
institutions of the Dutch public sector. Greefhorst [39] developed a generic IT reference architecture
in 2011, based on best practices in architecture projects. This was needed, as a couple of refer-
ence architectures only consist of a collection of architectural principles, which could not easily be
translated towards concrete architectural designs. This generic reference architecture can be used
to improve the ef ciency of architecture design processes.

Lastly, Sanchez-Puchol et al. [43] researched the different reference architectures and models that
are available for higher educational institutions. They claim that reference architectures for Enterprise
Architectures are a particular sub-type of reference architectures when the targeted domain is set to
a "class of enterprises”. This type of reference architecture is there to leverage the reuse of knowl-
edge by identifying, grouping and abstracting common features of a particular domain in a unique
model, which can be used as a reference for all the speci ¢ models of such domain.
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In table 3.10 there can be found a complete overview of the nal set of papers of SLR1. This table
includes characteristics of the studies, such as the empirical evidence (if existing), the research
setting, the country in which the study was performed and a short description of the contribution of
the paper.

3.3.3 Discussion

In this SLR, only one of the eight papers included in the results has empirically tested their results
through the use of interviews. Furthermore, ve analysis studies were found. In three of the eight
papers, a reference architecture is developed, in one paper an architectural approach and in one
paper a conceptual model. Moreover, it is remarkable that three included research papers were
written in The Netherlands, however, this is also caused by the manual search of papers written in
Dutch.

3.3.4 Conclusion

This part of the research aimed to nd the bene ts of reference architectures for EA practices by
doing a state-of-the-art Systematic Literature Review. The second research question was: "How can
reference architectures improve Enterprise Architecture practices?”. A reference architecture is a
generic architecture for a class of systems that is used as a foundation for the design of concrete
architectures from this class. A comprehensive reference architecture includes a set of generic ar-
chitecture principles, pre-de ned models, reusable patterns and best practices.

| can conclude that there is a lack of empirical studies on this research topic, as the bene ts of refer-
ence architectures for EA practices are barely studied. The found studies have an exploratory nature
and often discuss use cases of reference architectures for EA practices. However, the measurable
bene ts of using these reference architectures have not been studied. One reason for this is that the
bene ts for organisations using Enterprise Architecture are also not extensively studied and often
dif cult to make them measurable.

From the literature, three bene ts of reference architectures for EA practices can be considered. First,
reference architectures improve the communication between various EA stakeholders, by creating a
common ground. Secondly, reference architectures guide the design, realisation, and maintenance of
Enterprise Architectures, which reduces the time being used for developing Enterprise Architectures.
Thirdly, by leveraging the reuse of knowledge and best practices, reference architectures improve the
quality and consistency of EA deliverables. These bene ts are based on eight research papers that
can be found in table 3.10.
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Ref.  Result Empirical Research setting Country Contribution of the paper

evidence

[36] Analysis / None Case Study on the development  Denmark Analysis of the main compo-

reference of the VERA and Methodology, nents of the Virtual Enterprise
architecture using the international standard Reference Architecture (VERA)
GERAM. and examples of its use and po-

tentials.

[37] Reference None Case Study on the develop- The Nether- Development and future direc-

architecture ment, structure and rst results  lands tions of a service-oriented refer-
of a service-oriented reference ence architecture for the Dutch
architecture for e-government. government.

[38]  Architectural  None Discussion of key elements of Portugal Development of an architec-

approach a generic reference architecture tural approach that enables
for DP. Business-IT alignment by ac-
commodating the concerns of
Digital Preservation in EA prac-
tices.

[39]  Analysis None Observations and insights about The Nether- Analysis of the generic refer-
the development and structure lands ence architecture for the struc-
of the generic IT reference archi- turing of information provision
tecture of ArchiXL. and technology of organizations.

[4] Analysis / Interviews Literature review and a small set The Nether- Literature review on the de ni-

conceptual of interviews for validating the lands tion of Enterprise Reference Ar-

model conceptual model. chitecture and the development
of a conceptual model in which
Enterprise Reference Architec-
ture is positioned.

[40] Reference None Case Study on the integration = Germany Development of an extended

architecture of EA and IoT based on the service-oriented Enterprise Ar-
Enterprise Services Architecture chitecture reference model and
Meta-model Integration. ontology for an integrated ap-

proach of EA and IoT.

[41]  Analysis None Literature review in combination  Spain Literature review on Enterprise
with a classi cation framework Reference Architectures follow-
based on Gregor's theory types ing general guidelines proposed
of IS for undertaking information sys-

tems reviews.

[42]  Analysis None In-depth analysis process for  Spain Analysis of comparing 20 exist-

the identi cation, analysis and
comparison and classi cation of
REAMs

ing Enterprise Reference Archi-
tectures and Reference Models
targeted to the Higher Education
domain.

Table 3.10: Overview of papers in nal set of SLR2
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3.4 Reference architectures and semantic wikis

This section details the utilisation of semantic wikis for the organisation and structuring of archi-
tectural knowledge of reference architectures. The focus is on addressing the research question
(RQ3): "How is the architectural knowledge of reference architectures within the Dutch public sector
organised and structured?” Given that WikiXL? often serves as a semantic wiki-based platform for
organising architectural knowledge of reference architectures, a search was conducted for relevant
information using terms such as "semantic web”, "web 3.0”, "architectural knowledge”, "architecture
knowledge management”, "Enterprise Architecture”, and "semantic wiki.” Multiple papers retrieved
from Google Scholar contribute to an exploration of how semantic wikis facilitate the organisation
and structuring of architectural knowledge, drawing insights from both literature and existing knowl-
edge on reference architectures published in semantic wikis.

Before delving into semantic wikis, this section introduces the semantic web (or Web 3.0) and Linked
Data. Additionally, it provides an overview of the WikiXL platform and explains the common struc-
ture of reference architectures. The section concludes by showcasing three reference architectures
published on the WikiXL platform.

3.4.1 The semantic web and linked data

Before understanding the use of semantic wikis, it is necessary to understand how the semantic web
functions. The semantic web can be considered as the third generation of the Web and is based
on Linked Data. The World Wide Web initiative, or 'Web 1.0' was started in 1989 by Tim Berners-
Lee [44]. The initiative was a practical project designed to bring a global information universe into
existence using available technology. The technologies that were used for this global information
universe are based on a combination of hypertext, information retrieval and wide-area networking.

In 1999, Darcy DiNucci published an article entitled “Fragmented Future”, in which the term 'Web
2.0" was rst introduced [45]. In 2004, Tim O'Reilly and Dale Dougherty held the rst Web 2.0 con-
ference, during which the term Web 2.0 was brought to the attention of a wider public. Web 2.0 is the
second generation of the World Wide Web and is characterised by two-way communication and user
participation [46].

In 2001 Tim Berners-Lee published an article named "The Semantic Web” [47], in which the concept
"semantic web” was introduced. This marked the beginning of a new research eld. In the following
sections, the aspects of the semantic web are discussed.

Expressing meaning

Berners-Lee argued that until 2001, computers had no reliable way to process the semantics of web
pages. The idea of a semantic web will bring structure to the meaningful content of these web pages,
creating an environment where software agents roaming from page to page can readily carry out
sophisticated tasks for users [47]. In other words, the semantic web means sharing data and facts
rather than sharing the text of a page [48].

The semantic web is usually envisioned as an improvement of the current World Wide Web and Web
2.0 [49]. Information on the Web should be machine-understandable instead of mostly targeted at
human consumption. Besides understanding the information, machines should be able to use the
information. The essential property of the WWW is its universality. Web technology must therefore
not discriminate between different sources of information, which is supported by the semantic web,
as it is structured in a decentralised way.

2WikiXL, https://iwww.archixl.nl/en/products/wikixI-knowledge-management-platform/
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Knowledge representation

To enable the semantic web, computers must access structured collections of information, referred
to as Linked Data. Traditional knowledge representation systems typically have been centralised,
requiring everyone to share the same de nition of common concepts. The semantic web is there to
provide a language that expresses both data and rules for reasoning about the data and that allows
rules from any existing knowledge-representation system to be exported onto the Web. Adding logic
to the Web means using rules to make inferences, choose courses of action and answer questions.

Semantic web technologies

Semantic web technologies are used for querying, knowledge representation and storage of linked
data. An important technology for the semantic web is Resource Description Framework (RDF).
eXtensible Markup Language (XML) and RDF can both be used to represent structured data on the
web. However, XML says nothing about the actual meaning of that structure. In 2004, the Resource
Description Framework (RDF) became a World Wide Web Consortium (W3C) standard [49]. The
meaning of data can be expressed by RDF, which is graded with four stars by the 5-star scheme
suggested by Tim Berners-Lee [50].

RDF data consists of sets of triples, with each triple consisting of the subject, verb and object of
an elementary sentence. In this Linked Data structure, expressed in RDF, a particular "thing' has
“properties' with certain “values'. This structure turns out to be a natural way to describe the vast
majority of the data processed by machines. Subjects, objects and verbs are identi ed by Uniform

Resource Identi ers (URIS). The most common form of these URIs is the Uniform Resource Locator

(URL). Eventually, the RDF triples form webs of information about related things, that are represented
by links between different URLS.

Ontologies

Another component of the semantic web is the use of ontologies. According to a many cited source,
an ontology is a formal, explicit speci cation of a shared conceptualisation [51]. In the jargon of
information science, an ontology is a document or le that formally de nes the relations among

terms. Another formal de nition of 'ontology' is a knowledge base of concepts and their relation-
ships, speci ed in a knowledge representation language based on formal logic [49]. In this research,
the de nition of Hitzler [49] is used. Ontologies have stronger semantics than taxonomies, which
have stronger semantics than thesauri. Taxonomies de ne classes of objects and relations among
them. Thesauri map terms to concepts in a controlled vocabulary. The inference rules in ontologies
supply further power to the meaning of data. Using ontologies, machines or 'software agents' can un-
derstand the meanings of data. This shared understanding between consumer and producer agents
can be reached by exchanging ontologies.

RDFS and OWL

The RDF Schema language (RDFS) and the Web Ontology Language (OWL) together provide a
common data modelling (schema) language for data on the Web. In 2004, OWL became a W3C
standard. It can be seen as the topmost knowledge representation language for the semantic web,
which is based on RDF/XML [48]. RDFS provides a data modelling vocabulary for RDF data. RDF
Schema is an extension of the basic RDF vocabulary [52]. So, RDF provides the data model ex-
plaining how to build a graph. RDFS is a vocabulary, in RDF, that explains how nodes of a graph
relate.

SPARQL

The SPARQL Query Language and Protocol provide a standard means for interacting with data on the
Web. In 2008, SPARQL became a W3C standard for querying RDF data. With SPARQL, semantic
data can be retrieved and manipulated. SPARQL is a semantic query language that is similar to the
SQL query language, which is meant for relational databases.
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Overview of the semantic web

The semantic web consists of a couple of essential components. These are RDF, ontologies, OWL,
RDFS, and SPARQL. They have the capacity to encode semantics and to provide automated rea-
soning, and sharing and management of information from various sources.

One representation of the semantic web technology stack can be seen in the gure below. This
representation is based on the W3C standards.

Figure 3.9: The semantic web technology stack [5]

3.4.2 Semantic wikis

As already mentioned in the introduction, the architectural knowledge of most of the reference ar-
chitectures within the Dutch public sector is currently organised and structured on semantic wikis. A
semantic wiki is an extension of a regular wiki. A regular wiki is a collaborative platform that strongly
invites users to share their knowledge [53]. However, regular wikis have some shortcomings, as the
knowledge that is available on the wiki pages is in the form of unstructured (textual) information. This
has no actual meaning. When questioning about the meaning of the information, no answers can be
given.

A semantic wiki combines traditional wiki systems with semantic web technology. A semantic wiki
adds an underlying knowledge model to a regular wiki, which describes the data the wiki contains.
Such a description makes the facts and relationships in the wiki meaningful, for humans and infor-
mation systems. From this meaning (or ‘'semantics'), new relationships and facts can be derived.
Moreover, the wiki can be directly queried for the knowledge it contains. So, knowledge can be re-
trieved that is not textually described on a web page but is retrieved by combining multiple facts and
relationships on various wiki pages. A simple example that can be given is the creation of a table with
the top 10 largest cities in the world, based on the populations of these cities. This data is namely
already available in single Wikipedia pages containing the property 'population’ of cities.

Throughout the years, wikis are increasingly used in organisations as tools to support knowledge
management. People within the organisation can create, maintain and share knowledge easily via
a wiki. However, the retrieval of knowledge becomes more and more dif cult as the number and
size of wiki pages increase. Semantic wikis solve this problem by strongly linking pages to make
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a coherent structure of the wiki. These strong links are semantic annotations, which are machine-
readable. These semantic annotations are useful for many purposes, such as enhanced presentation
by displaying contextual information, enhanced navigation by giving easy access to relevant related
information, and enhanced "semantic” search that respects the context in addition to the content [54].

Architectural knowledge

Architectural knowledge is increasingly regarded as an organisational asset that should be managed
properly [53]. Architectural knowledge consists of the architecture design as well as the design deci-
sions, assumptions and the context of the architecture design [55]. Architectural knowledge of refer-
ence architectures primarily consists of principles and architecture models. This knowledge should
be transferred from the tacit level (in the architect's head) to a documented and eventually formalised
level (structured information). A semantic wiki can be a suitable tool to organise and structure (for-
malised) information. Therefore, semantic wikis are becoming more and more popular as tools for
(architectural) knowledge management.

In the Dutch public sector, digital architects have used semantic wikis to publish architectural knowl-
edge of sector-speci ¢ reference architectures with the intention that this information is reused by
organisations within that sector. From experience within these sectors, it can be stated that the pub-
lication of architectural knowledge in semantic wikis has helped organise the semi-structured nature
of that knowledge in the form of combinations of text and model elements [56]. These model and
text elements foster the desire to share and link that knowledge. Currently, this knowledge is only
linked within isolated repositories and published on a single semantic wiki. Hence, there is a growing
interest in breaking out the architectural knowledge from its isolated repositories. This means linking
architectural knowledge from different reference architectures to each other.

3.4.3 Structure of a reference architecture

Reference architectures are generic architectures for a class of systems that are used as foundations
for the design of concrete architectures from this class. The architectural knowledge that is included
in a reference architecture is of large value for a digital architect developing concrete (Enterprise)
architectures. However, also other stakeholders can bene t from this knowledge. Reference archi-
tectures that are used in the Dutch public sector consist mainly of principles and architecture models.
Next to principles and architecture models, reference architectures can also consist of standards and
conceptual frameworks. The information in a reference architecture conforms to a knowledge model
that is speci cally developed for that reference architecture.

In the end, reference architectures are used to improve stakeholder communication, guide digital
architects and improve the quality and consistency of (Enterprise) architectures. These bene ts of
reference architectures for EA practices are studied at the start of this research project and the results
are presented in section 3.3.

WikiXL

The architectural knowledge of many reference architectures is currently organised and structured
on a knowledge management platform called WikiXL, which can be seen in table 1.1. This platform is
based on Semantic MediaWiki®, an extension for managing structured data in a wiki and for querying
that data to create dynamic representations [57]. The platform allows users to implement and man-
age knowledge models that structure the data in the system. So, the underlying knowledge model
provides meaning to the information that is available in the wiki. Some reference architectures are
published on other websites and a few are documented in PDF or PPT format.

As mentioned, reference architectures often consist of principles and architecture models. Principles
are often textually described, but can also be made visible in architecture models. Within WikiXL,
principles are often mapped onto wiki pages such that a single principle corresponds to a single

3Semantic MediaWiki, https://www.semantic-mediawiki.org/wiki/Semantic_MediaWiki
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page in the wiki. The rationales and implications of these principles can be expressed in plain text
or as references to other wiki pages. This way, a graph-like structure is created, which improves the
traceability of principles.

The architecture models of reference architectures are often developed with an EA modelling lan-
guage called ArchiMate [3]. The tool that is often used for that is called Archi*. ArchiMate models
consist of elements and relationships between those elements. Each element has a single page
in the wiki, which provides additional information about the element. Furthermore, each ArchiMate
view, which is part of an architecture relevant to a stakeholder's concern(s), has a single page in the
wiki.

Most of the digital architects maintain their architecture models in an architecture repository. Users of
architectural knowledge can bene t from the architecture models when they are available in a user-
friendly interface. Therefore, on top of the WikiXL platform, ArchiMedes® is built. ArchiMedes can
link WikiXL to the architecture repository and shows the repository contents in a browsable interface
on a wiki page. It reconstructs the views developed in the repository and incorporates an element
catalogue that provides links to additional details about the elements depicted in the diagram [57]. An
example of a detailed description of an ArchiMate element by ArchiMedes can be found in gure 3.10.

Figure 3.10: Example of an ArchiMate element in ArchiMedes

4Archi, https://www.archimatetool.com/
5ArchiMedes, an architecture publication platform, https://www.archixl.nl/en/products/
archimedes-architecture-publishing-platform/
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Many reference architectures consist of standardised views, which are architecture models with a
speci ¢ perspective. The reason for this is that an organisation is typically confronted with standard
business operations. So, reference architectures often have so-called business function models. Fur-
thermore, reference architectures often consist of information models, process models and reference
components models (in Dutch: referentiecomponentenmodel). These standardised views ensure
that reference architectures can be compared more easily.

In the following sections, a couple of examples of reference architectures that are published on Wik-
iXL are showcased. The contents of the reference architectures NORA, ROSA and FORA are ex-
plained.

NORA

The Dutch Government Reference Architecture (in Dutch: Nederlandse Overheid Referentie Archi-
tectuur (NORA)) was established in 2009 as a norm by the Dutch Government and is developed for
the whole public sector. The NORA is part of the NORA family®, which consists of all the reference
architectures that are used within the Dutch public sector. NORA provides principles, de nitions and
models for the design of the information service of the Dutch Government and the services to the
citizens and businesses. It is an instrument that can be used by digital architects, project leaders and
managers to improve their services and the ability for the cooperation of their organisation.

The NORA is intended as a guiding and steering instrument [10]. It contains frameworks and existing
agreements for organising the information provision of the Dutch government. NORA's content can
be related to the “Dutch Service Delivery Concept”, which is the structure that underlies the govern-
ment's service delivery. It ensures the structural coherence between the vision of service delivery,
the policies, the execution and the management of the quality and continuous improvement of service
delivery. In addition to policy frameworks, the NORA includes core values for service delivery, quality
goals, architecture principles, implications for architecture principles, standards, building blocks, and
a conceptual framework. For each element, an overview page is included with an explanation of the
insights of NORA.

ROSA

The Reference Education Sector Architecture (in Dutch: Referentie Onderwijs Sector Architectuur
(ROSA)) is developed for the whole educational sector. The goal of ROSA is to improve the coopera-
tion between chain partners in the eld of information provision 7. ROSA is describing and prescribing,
as it delivers insights about information provision for organisations in the educational sector. Next to
these insights, frameworks and agreements are also presented to which organisations should con-
form.

ROSA serves as a guide for the educational sector in which relevant architecture concepts can be
found, such as goals, principles, frameworks, models and other artefacts. Furthermore, ROSA
presents the coherence between concepts and artefacts. Also, ROSA is actively involved in the
different sector-speci c reference architectures and sector architectures. Lastly, ROSA ensures the
connection between several chain initiatives in the educational sector, because of their use of ROSA.

FORA

The Primary Education Reference Architecture (in Dutch: Funderend Onderwijs Referentie Architec-
tuur (FORA)) has been developed for primary and secondary education to provide a standardised
view of the processes and activities that take place in a typical school [58]. The FORA is primarily in-
tended for information specialists, and its implementation can improve cooperation between schools.
The government requires many of the processes and activities described in the FORA to be imple-
mented by schools, making it a useful tool for schools to ensure that their information provision is

6NORA familie, https://www.noraonline.nl/wiki/NORA_Familie
7ROSA, https://rosa.wikixl.nl/index.php/Hoofdpagina
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correctly implemented. Many processes and activities within the FORA are obliged by the govern-
ment, so schools can also test whether their information provision is correctly implemented.

To optimally guide the users of the FORA, a ctive school named 'FORA onderwijsgroep' is used.
The objective of this is to make the use of FORA more accessible, thereby promoting its use by
schools and school boards. Using this ctive school as a reference, concrete issues from educa-
tional practice are elaborated upon based on FORA principles, explaining how and why this is done.
In this way, use cases are created that can serve as a source of inspiration for schools and boards to
embark on architecture initiatives themselves.

In gure 3.11 a shapshot can be found of the FORA, which is published on the WikiXL platform.

Figure 3.11: Snapshot of FORA in WikiXL

3.4.4 Conclusion

In conclusion, this section investigated the organisation and structuring of architectural knowledge
of reference architectures within the Dutch public sector, with a focus on the use of semantic wikis.
To start, an introduction to the semantic web and its technologies, including RDF, ontologies, and
SPARQL was provided. After that, the use of semantic wikis for organising and structuring architec-
tural knowledge was explained. From experience, one can state that the use of semantic wikis has
helped organise and structure architectural knowledge. However, the architectural knowledge of a
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reference architecture is currently available in a single architecture repository. So, at this moment,
reference architectures have no direct links with other reference architectures.

Most of the reference architectures within the Dutch public sector are published on WikiXL, which is
a platform based on Semantic MediaWiki. Before further elaborating upon this platform, the general
structure of a reference architecture within the Dutch public sector was explained. After that, WikiXL
was introduced and a couple of examples of reference architectures were presented to provide an
overview of the contents of reference architectures within the Dutch public sector.



Chapter 4

Current state of coherence

In the previous chapter, the context of the problem was investigated. The literature reviews that were
conducted resulted in knowledge about Enterprise Architecture, the use of reference architectures
for Enterprise Architecture practices and the use of semantic wikis such as WikiXL for organising
and structuring architectural knowledge of reference architectures. However, the problem that must
be addressed in this research is that of a lack of coherence between reference architectures within
the Dutch public sector. Therefore, an investigation of the current state of coherence between refer-
ence architectures within the Dutch public sector is presented in this chapter. The term 'state’ refers
to the following issues: The de nition of coherence between reference architectures, the desire for
improved coherence, the problems of a lack of coherence and the stakeholders experiencing the
problems of a lack of coherence. Furthermore, the desired relationships between reference architec-
tures are investigated. To investigate these issues, a focus group was held, after which a survey was
conducted to validate and complement the ndings of the focus group. The ndings of both research

methods are combined and presented in this chapter. However, rst, the structure of the focus group
and the survey and their questions are presented. The ndings of merely the focus group (in Dutch)
can be found in appendix F.

In section 4.3, the de nition of coherence between reference architectures within the Dutch public
sector is given. When referring to the term ‘coherence’ in this research, | always mean the coherence
between reference architectures within the Dutch public sector. In section 4.4, the desire of several
stakeholders for improved coherence is explained. After that, the problems that stakeholders experi-
ence of a lack of coherence are explained in section 4.5. Furthermore, the stakeholders experiencing
these problems and having the desire for improved coherence are presented in section 4.6. Also,
other stakeholders that are in uenced by this problem are discussed. In section 4.7, a conclusion is
given about the current state of coherence. Moreover, the desired relationships between components
of reference architectures are discussed in section 4.8. These desires were derived from the answers
of digital architects who participated in the focus group or responded to the survey. Furthermore, an
explanation is given of using linked data principles and techniques to link ArchiMate elements, which
are the components of reference architectures. Lastly, in section 4.9, a conclusion is given on the
current state of coherence and desired relationships between reference architectures.

4.1 Focus group

The main research objective is to design a method to improve the coherence between the reference
architectures within the Dutch public sector. Before exploring solution directions, it is important to
investigate the current state of coherence between reference architectures. Therefore, a focus group
was held with four digital architects having knowledge of and experience with reference architectures
within the Dutch public sector. The participants even contributed to the following reference architec-
tures: NORA, GEMMA, WILMA, ROSA, FORA, MORA, HORA, CORA/VERA and VeRA.

45
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4.1.1 The session

According to Krueger [59], focus group research should comprise a minimum of three and a maxi-
mum of 12 participants. This session had four participants and took 100 minutes to complete. The
whole session was in Dutch, as all participants are Dutch and the topics discussed are available in
the Dutch language. During the session, | took the role of moderator.

First, | introduced the research and presented the results of the partially complete Systematic Liter-
ature Reviews in which the bene ts of EA for organisations in the public sector and the bene ts of
using reference architectures for EA practices were studied. Secondly, the purpose of the session
was explained, together with the research method. After receiving consent for recording the rest of
the session, part | was started.

In part | the current state of coherence between reference architectures was discussed. The purpose
of this part was to explore the following issues:

. The de nition of coherence in its context;

. the current state of coherence;

1

2

3. the desire for improved coherence;
4. the problems of a lack of coherence;
5

. the stakeholders of the problem.

In part Il the desired relationships between reference architectures were discussed. The purpose of
the second part was to explore examples of relationships between reference architectures. Most of
the examples were already given in the rst part.

During part | and I, respectively ten and six primarily open-ended questions were asked. They
were asked through a PowerPoint slide deck, presenting the questions one-on-one. One of the ten
guestions of the rst part was not an open-ended question. The questions can be found in tables D.1
and D.2 in Appendix D. The planning of the session can also be found in Appendix D in table D.3.

4.1.2 Data analysis

The complete focus group was recorded, after which the audio recording was completely transcribed.
The transcript was thereafter analysed according to the framework of Nili et al. [2]. The complete data
analysis process is explained in section 2.4. After following the Focus Group Data Analysis Frame-
work, the qualitative data was translated into actual ndings.

These ndings can be found in appendix F and can be visualised by an ArchiMate view, using Moti-
vation elements [3]. This model can be found below in gure 4.1. The original ArchiMate view F.1is in
Dutch, as all answers from the participants of the focus group were in Dutch. These ndings formed
the basis for constructing the survey, in which the ndings should be validated and complemented by
a larger group of digital architects in the Dutch public sector.

4.2 Survey

The ndings from the focus group suggest that digital architects in the Dutch public sector generally
agree on the desire to improve the coherence between reference architectures. It also suggests
that multiple stakeholders are experiencing problems of a lack of coherence, especially the digital
architects. Furthermore, it suggests that there are three drivers for improved coherence and four
practical problems caused by a lack of coherence. With the ndings of one focus group, the problem
was not completely investigated. So, to validate and complement these ndings, the opinions of a
larger group of digital architects in the Dutch public sector were needed. To gather insights from a
large group of people, a survey is a suitable research method. Hence, a survey was constructed not



CHAPTER 4. CURRENT STATE OF COHERENCE 47

Figure 4.1: Concise ndings of the focus group in ArchiMate Motivation elements (Translated to
English)

only to validate but also to complement the ndings from the focus group. The survey was online
from the 8th of September until the 26th of October.

4.2.1 Structure of the survey

In this section, the structure of the survey is presented. The survey was structured into six segments:
Introduction, respondents, stakeholders, drivers, problems, and desired relationships.

Introduction

First, when someone clicked on the link to the survey the potential participant was introduced to the
survey. The following information was provided to someone: Information on the objective of the sur-
vey, what | ask from the respondents, what will happen with the answers they provide and what data
will be stored. Afterwards, the participant was asked for consent to use the answers they provided.

Secondly, the research was introduced and a summary of the results of the Systematic Literature
Reviews was provided to the participants. This summary can be found in appendix G. The partic-
ipant did not have to read these results to be able to answer the questions. However, it provides
background knowledge about the start of the research project.

Lastly, background information was provided about the ndings of the focus group and what the
objectives of the survey are. Participants could also download the document 'Findings of the focus
group' that can be found in Appendix F. This document explains the ndings of the focus group.
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Respondents

In the second part, the participants were asked whether they are digital architects, working within
the Dutch public sector. By digital architect, | mean 'enterprise architect’, 'information architect’,
'‘business architect’, 'IT architect’, 'solution architect', 'project architect’, and so forth. Secondly, par-
ticipants were asked about their experience with the use of reference architectures within the Dutch
public sector. Lastly, participants were asked whether they have contributed to one or more of these
reference architectures.

Stakeholders

In the third part, the participants were asked about the stakeholders of the problem. From the focus
group, four types of stakeholders were mentioned that experience problems of a lack of coherence
between reference architectures. These stakeholders were presented to the participants, after which
they should estimate how 'many' problems these stakeholders experience based on their own experi-
ences and observations. The options were: 'No problems', 'few problems', 'several problems', 'many
problems' and 'very many problems'. After that, participants were asked whether they could name
other stakeholders who experience problems of a lack of coherence between reference architectures.

Drivers

In the fourth part, the participants were asked to rate the three drivers that were considered impor-
tant within the focus group. Per driver, the participant was asked whether they nd the driver 'very
important', 'important’, 'moderately important', 'somewhat important’, or 'not important'. They were
also asked to explain their answers to the rst question. Lastly, there was asked to the participants
whether they have more drivers for improved coherence between reference architectures.

Problems

In the fth part, the participants were asked to rate the four problems that were considered within
the focus group. Per problem, the participant was asked whether they nd the problem 'very large’,
'large’, 'moderate’, 'small', or 'not a problem'. They were also asked to explain their answers to the
rst question. Lastly, there was asked to the participants whether they could name other problems of
a lack of coherence they have experienced.

Desired relationships

In the last part, the participants were asked whether they could give examples of specic types
of relationships between components of reference architectures that should be made explicit and
established somewhere. These examples will be used for the design of the artefact of this research.

4.2.2 Data analysis

In total, 40 participants nished the survey, whereas 32 participants lled in the survey completely.
The average time it took to complete the survey was 31 minutes. All respondents are digital archi-
tects having knowledge of and experience with reference architectures within the Dutch public sector.

The Qualtrics software tool offers a data analysis and reporting tool to gather insights from the col-
lected survey data. In section 2.5 the complete data analysis process of the survey is explained.
Before combining the ndings of the focus group and the results of the survey, some information
about the set of respondents is given. Respondents were asked how experienced they are regarding
the use of reference architectures within the Dutch public sector. In gure 4.2 below the results can
be seen regarding the experience of digital architects with using reference architectures.
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Figure 4.2: Experience with using reference architectures

Furthermore, respondents were asked whether they have contributed to one or more reference ar-
chitectures. In table 4.1 and gure 4.3 below one can see the contributions of digital architects to the
different reference architectures.

Reference architecture Abbreviation  Contributions Percentage

Nederlandse Overheid Referentie Architectuur NORA 17 24.3%
GEMeentelijke ModelArchitectuur GEMMA 12 17.1%
Hoger Onderwijs Referentie Architectuur HORA 10 14.3%
Referentie Onderwijs Sector Architectuur ROSA 6 8.6%
Waterschap Informatie & Logisch Model Architectuur WILMA 5 7.1%
Middelbaar beroepsOnderwijs Referentie Architectuur MORA 3 4.3%
Veiligheidsregio Referentie Architectuur VeRA 3 4.3%
Architectuur strafrechtketen Astra 2 2.9%
Provinciale EnTerprise ReferentieArchitectuur PETRA 2 2.9%
Other reference architectures 10 14.3%
Total 70 100%

Table 4.1: Contributions of respondents to reference architectures

Figure 4.3: Distribution of contributions to reference architectures
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4.3 De nition of coherence

First, there should be a clear de nition of the term ‘coherence’ in the context of reference architec-
tures within the Dutch public sector. However, it is dif cult to provide an unequivocal de nition of
‘coherence between reference architectures', as it touches many aspects. It is nevertheless focused
on the following aspects:

* Coherence based on semantics

— Using and applying the same architecture language, e.g. ArchiMate
— Using the same terms for concepts that are used in the same way

* Coherence based on content

— Reusing common terms

— Reusing viewpoints

— Reusing architecture frameworks (i.e. reusing architecture principles)

— Reusing information of existing reference architectures

— Using and applying the same standards, e.g. TOGAF

— Logical positioning of related reference architectures

— Explicitly referencing architecture components that are related to each other

« Coherence based on relationships

— Relationships between architecture principles
— Relationships between architecture components

In this research ‘coherence' means the coherence between reference architectures within the Dutch
public sector. However, digital architects also state that there could be a lack of coherence within a
single reference architecture. For example, the list of terms within the NORA is not consistent, as
independent project groups are working on these terms. When there is no communication between
these project groups, an inconsistent list of terms (NORA begrippenkader) will be formed. Digital
architects emphasise that common terms should be reused, which is more important than construct-
ing a relationship between two terms used in two reference architectures. So, one can state that
implicit relationships between reference architectures by using the same terms for concepts is more
important than constructing explicit relationships between the reference architectures.

Furthermore, some digital architects state that all reference architectures should have shared princi-
ples. So, the following questions should be asked: What is the goal of a reference architecture? And
how should the reference architecture be described? When these questions are answered and digital
architects agree on the answers, relationships between components of reference architectures can
be de ned and established. With these relationships, coherence between reference architectures
can be improved.

De ning and establishing relationships between components of reference architectures is merely one
aspect of improving the coherence between reference architectures. However, when these relation-
ships are not meaningful, it is not bene cial for the coherence between reference architectures. So,
a prerequisite for de ning and establishing relationships between components of reference architec-
tures is that the relationships are meaningful and contribute to improved coherence.

4.4 Desire for improved coherence

During unstructured interviews at the start of the research project, the digital architects stated that
many digital architects have a desire for improved coherence between reference architectures. They
stated there is a consensus reached about this desire within the architecture community. With the
opinions of 44 digital architects, participating in the focus group or the survey, there was agreed upon
this desire.
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4.4.1 Dirivers

The desire for improved coherence can also be explained by multiple drivers. From the ndings of
the focus group, digital architects have three drivers for improved coherence. These drivers are:

1. Anintrinsic motivation to not reinvent the wheel, but reuse good examples.
2. Improving the understandability of terms within different reference architectures.

3. Leveraging each other's knowledge will improve the quality of reference architectures.

Digital architects who participated in the survey agree on the fact that these drivers are important.
However, the driver that is considered the most important is the rst driver. 36 respondents con-
sidered this driver as ‘'important' or 'very important'. The third driver is the least important driver,
according to the respondents. In gure 4.4 below, one can see how important the drivers are accord-
ing to the respondents.

Figure 4.4: Importance of drivers

Besides assessing the drivers by giving them a label from 'not important' to 'very important', respon-
dents were asked to explain their choices. For the rst driver, digital architects state that reusing good
examples improves ef ciency and reduces costs (time), which is very important for organisations in
the public sector. Public money must be spent wisely and therefore good examples should be reused.
Furthermore, digital architects state that the quality of reference architectures can be improved by
reusing good examples. Also, reusing good examples promotes a support base for architectural
decisions. Moreover, it improves the consistency of reference architectures, as components of a
reference architecture are consistently used in several other reference architectures. Lastly, good
examples inspire digital architects for their concrete architectures. To conclude, the most important
factors of the rst driver are an improved ef ciency of developing reference architectures and an im-

proved quality of reference architectures.

The second driver is about the understandability of related terms in different reference architectures.
29 of the respondents consider this driver as 'important' or 'very important'. Respondents expressed
a desire for supported de nitions of terms to prevent prolonged discussions about these de nitions.

These de nitions are primarily important for cross-sectoral collaborations between organisations.
However, terms can have different meanings in different contexts, so the explanation of a term is
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needed in every context. So, when terms have a divergent de nition in a certain reference architec-
ture, this must be explicitly stated.

The third driver is about leveraging each other's knowledge, which improves the quality of reference
architectures. 29 of the respondents consider this driver as 'important' or 'very important'. Some
digital architects state that this driver is an extension of the rst driver. Again, this leads to improved
ef ciency in developing reference architectures, but it also reduces the risk of making mistakes during
the development of a reference architecture. When synergy of knowledge can be achieved, reference
architectures reach a higher quality.

4.4.2 Other drivers

Furthermore, respondents came up with extra drivers that were not mentioned during the focus group.
First, improving the collaboration between sectors was mentioned as a driver. One example of such
a collaboration is migration, where organisations from multiple sectors should collaborate and ex-
change data to handle asylum requests. Another example is that of the educational sector, where
'a lifelong development' is a common driver. To support this driver, multiple organisations should be
able to handle and exchange data about educational participants effectively.

The second driver is the reduction of complexity. Related domains in the public sector have common
challenges that can only be solved by having collaborations between the domains and their reference
architectures. These reference architectures can also be reduced in size when the unnecessary rep-
etition of information is reduced. Information that belongs to a certain reference architecture should
be referred to by another reference architecture instead of repeating the same information in that
reference architecture. When reference architectures are smaller in size, the complexity can be re-
duced.

The third driver is that in a short amount of time, much is expected from digital architects. When
information is ndable and accessible in a short amount of time, a concrete (start) architecture can
be developed fast. Therefore, digital architects need to know in which reference architecture, speci c
information can be found. When reference architectures are coherent and many explicit relationships
between them exist, the source of information can be more easily found.

The fourth driver is improving the interoperability on all architectural layers. This can lead to improved
collaboration between organisations in different sectors.

The fth driver is to reach a uniform way of describing and modelling reference architectures. When
having a harmonised way of doing this, reusing knowledge from reference architectures can be made
easier.

Other drivers that were mentioned are the reduction of costs, the reuse of software implementations,
the continual improvement of government services and the improved maintainability of reference
architectures.

4.5 Problems of a lack of coherence

The lack of coherence between reference architectures leads to problems, primarily for digital archi-
tects within the public sector. During the focus group, four problems that digital architects face were
mentioned. These problems are stated below.

1. Information in reference architectures sometimes does not explicitly refer to information in other
reference architectures.

2. When multiple reference architectures are used to create a speci ¢ (Enterprise) architecture,
they sometimes contradict each other.

3. At present, coherence mainly occurs through ad hoc collaborations between architects.
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4. Information in different reference architectures that is common (largely the same) is not centrally
accessible.

Digital architects who participated in the survey do not all agree on the problems that were mentioned
by the participants of the focus group. Respondents were asked to assess the problems according
to their experiences as digital architects. The problem that was considered the largest is problem
4, but there are no signi cant differences between the problems. In gure 4.5 below the size of the
problems, considered by the respondents, can be seen.

Figure 4.5: Problem size considered by the respondents

Next to assessing the problems on size, the explanations of the digital architects for their choices
were also asked. The rst problem is not always considered as a large problem, or even as a prob-
lem at all. It is considered a (very) large problem by 14 digital architects. However, multiple digital
architects state that not referring to information in other reference architectures can lead to inconsis-
tencies between reference architectures.

The second problem is considered a (very) large problem by 18 digital architects. They state that
contradictions within multiple reference architectures can lead to dif cult decisions during the devel-
opment of a specic (Enterprise) architecture. When this occurs in practice, enterprise architects
often ignore the reference architectures. Furthermore, the respondents indicate that these contradic-
tions are often differences between reference architectures because the context differs.

The third problem is considered a small problem by the respondents. Only 9 digital architects con-
sider this as a (very) large problem. Digital architects state that structured and planned collaboration
between architects is much better, however, it is good that these initiatives exist. They also mention
that it is very dif cult to govern collaboration between architects from different reference architectures.

The fourth problem is on average considered the largest by the respondents, however, the answers
again vary much. Digital architects state that reference architectures should have references to each
other, instead of copying the information multiple times. The problem can also be considered as an
extension of the rst problem. When no references between information are made it can again lead
to inconsistencies between reference architectures.

4.5.1 Other problems

Respondents were also asked to come up with other problems they experience or know. First,

government-wide challenges are not elaborated upon by a central reference architecture. A government-

wide challenge one can think of is for example new legislation. When this legislation touches multiple
domains, multiple reference architectures must deal with that legislation. Currently, this is not cen-
trally arranged.
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Furthermore, many reference architectures are also internally not coherent, as there exist many in-
consistencies within the reference architectures. So, to improve the coherence between reference
architectures, rst, the coherence within a reference architecture must be improved.

Moreover, due to the absence of an overarching overview, multiple initiatives for improvements of ref-
erence architectures start separately. Without coherence, there is no overarching roadmap possible,
so the pace, dependencies and impact of projects are not visible. This also leads to duplicated work
by digital architects.

Another problem is that of a difference in describing and modelling information in reference architec-
tures. This leads to reference architectures that are incomparable with each other.

Lastly, a lack of coherence between reference architectures leads to a lack of coherence between
the concrete architectures of organisations from multiple sectors. When these organisations want to
exchange data, there are most probably interoperability issues.

4.6 Stakeholder analysis

For a research project in Design Science, it is important to identify the involved stakeholders. In
the rst phase of the Design Science Methodology, the problem investigation phase, the involved
stakeholders should be analysed. A stakeholder is a person, group of persons, or institution that is
affected by the treatment of the problem [1].

At the start of the research project, unstructured interviews made it clear that digital architects are
experiencing problems of a lack of coherence between reference architectures. During the focus
group, it became clear that the community of digital architects within the Dutch public sector indeed
experiences a lack of coherence between reference architectures. The survey results have con rmed
this observation by validating that digital architects experience most of the problems. However, more
stakeholders are experiencing problems and are in uenced by a lack of coherence between refer-
ence architectures.

In the focus group, three other stakeholders were mentioned that are also experiencing problems
of a lack of coherence between reference architectures. The stakeholders that were mentioned are
information managers, IT project managers and software vendors. The respondents are not unan-
imous when it comes to stakeholders and how many problems they experience. In table 4.2 below
one can see how digital architects think about the different stakeholders and how many problems
they experience.

Stakeholder No problems  Few problems  Several problems  Many problems  Very many problems
Digital architect 2 (5%) 5 (12.5%) 18 (45%) 11 (27.5%) 4 (10%)
IT project manager 9 (22.5%) 9 (22.5%) 12 (30%) 9 (22.5%) 1 (2.5%)
Software vendor 4 (10%) 11 (27.5%) 12 (30%) 12 (30%) 1 (2.5%)
Information manager 4 (10%) 11 (27.5%) 11 (27.5%) 11 (27.5%) 3 (7.5%)

Table 4.2: Stakeholders experiencing problems

It can be seen that digital architects are experiencing most of the problems, followed by information
managers and software vendors. The IT project managers are experiencing the least problems,
according to the digital architects who lled in the survey. Respondents were also asked to come
up with other stakeholders who could also experience problems of a lack of coherence between
reference architectures. These stakeholders were initially not mentioned during the focus group and
are listed below.

* ClO of ce

« Management



CHAPTER 4. CURRENT STATE OF COHERENCE 55

« Policymaker
» Business analyst

« Information analyst

The stakeholders that are listed are primarily users of reference architectures, whereas the digital
architects can also be the administrators of reference architectures. Digital architects are often con-
tributing to the contents of reference architectures. Users of reference architectures can eventually
take advantage of improved coherence between reference architectures.

4.7 Current state of coherence

There is a lack of coherence between reference architectures based on the opinions of many digital
architects. When combining the results of the focus group and the survey, a rede ned ArchiMate
view was made to provide an overview of the stakeholders, their drivers for improved coherence and
the problems of a lack of coherence. This view can be seen in gure 4.6. The Dutch version of this
ArchiMate view can be found in appendix I. The motivation elements have differences in opacity. The
higher the opacity, the more digital architects agree on this element. When an element has the lowest
opacity of the view, it is agreed upon by 1 or 2 digital architects. When an element has a full opacity,
it is agreed upon by at least 5 digital architects. Elements with half the opacity are agreed upon by 3
or 4 digital architects. The stakeholders, drivers and problems that are mentioned by the focus group
participants are all validated by at least 5 digital architects, so they have full opacity.

At this moment, coherence 'emerges' mainly through ad hoc initiatives within reference architec-
tures. The initiatives often have a bottom-up-like form, where a more speci c reference architecture
describes the relationship with a more abstract reference architecture. The coherence, if explicitly
present, is currently merely textually described and can be found on platforms such as WikiXL, on
other websites or in documents where reference architectures are documented. For example, the
Reference Education Sector Architecture (ROSA) has a page! on WikiXL on which the coherence
with other reference architectures is described. In the case of other reference architectures, there is
a lack of information about the coherence with other reference architectures.

While individual reference architectures are a majority of the time well-organised and structured
within semantic wikis, efforts should be directed towards designing a standardised approach for link-
ing reference architectures. This would contribute to an improved coherence between reference
architectures, unlocking the full potential of reference architectures in guiding digital architects with
consistent and high-quality reference architectures across diverse domains within the Dutch public
sector. At this moment, architectural knowledge of reference architectures lives within isolated repos-
itories, i.e. a single semantic wiki. So, there is a need to break out of these single repositories and
link the components of different repositories.

To sum up, there is not a collective approach for improving the coherence between reference archi-
tectures. Moreover, administrators of reference architectures carry their responsibility for the content
and structure of reference architectures. This hinders the collaboration for improving coherence, as
administrators of reference architectures have divergent and not always conforming interests. This
highlights the desire for a generic method that can be used to improve the coherence between ref-
erence architectures within the Dutch public sector. To improve that coherence, multiple aspects of
that coherence should be improved. One of these aspects is de ning and establishing relationships
between reference architectures, to make these relationships explicit and ndable. More speci cally,
relationships between components of reference architectures are needed. What types of relation-
ships are needed is discussed in section 4.8. So, in this research, a method will be designed for
de ning and establishing relationships between components of reference architectures.

1ROSA, Samenhang met andere architecturen https://rosa.wikixl.nl/index.php/Samenhang_met_andere_
architecturen
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4.7.1 Common base of reference architectures

De ning and establishing relationships between components of reference architectures is not suf -
cient for arriving at improved coherence. Multiple aspects of coherence should be improved. Digital
architects state that before relationships can be de ned and established, rst there should be started
with a common base about the goal, core values and contents of reference architectures. So, de-
ne the goals and the core values of reference architectures, and de ne how reference architectures
should be described and modelled. By core values, the following issues are meant:

 Policy frameworks (general laws and regulations and general policy for service provision)
 Core values of Service Delivery

 Quality goals

¢ Generic functions

Architectural principles
Standards
Building blocks (Facilities)

L]

* Themes
< Conceptual framework (Architectural concepts and Information objects)

After that, developers and administrators of reference architectures can come to a common meta-
model and conceptual framework. So, answers should be given to the questions: What is meant by a
'business function’ or an 'information object’, and what is meant by the term 'reference component'?
And how do these concepts relate to each other in an architecture model? Also, the use of different
terms and de nitions should be aligned between different reference architectures. When all these
factors are agreed upon, relationships between components of reference architectures can be de-
ned and established. Furthermore, these relationships should be meaningful and contribute to the
coherence between reference architectures.






	Abstract
	Acknowledgements
	List of Abbrevations
	List of Figures
	List of Tables
	Introduction
	Digital Transformation in the public sector
	Reference architectures
	Problem Statement
	Research Objective
	Research Questions

	Thesis outline

	Research Design
	Design Science Methodology
	Literature reviews
	Exploratory literature review
	Systematic Literature Review

	Unstructured interviews
	Focus group
	Data analysis
	The Focus Group Data Analysis Framework

	Survey
	Case study
	Summary

	Theoretical Knowledge
	Background
	Architecture
	Enterprise Architecture (EA)
	Reference architecture
	Reference Model
	Enterprise Reference Architecture

	Enterprise Architecture benefits for the public sector
	Planning the review
	Conducting the review
	Reporting the review
	Discussion
	Conclusion

	Reference architecture benefits for EA practices
	Conducting the review
	Reporting the review
	Discussion
	Conclusion

	Reference architectures and semantic wikis
	The semantic web and linked data
	Semantic wikis
	Structure of a reference architecture
	Conclusion


	Current state of coherence
	Focus group
	The session
	Data analysis

	Survey
	Structure of the survey
	Data analysis

	Definition of coherence
	Desire for improved coherence
	Drivers
	Other drivers

	Problems of a lack of coherence
	Other problems

	Stakeholder analysis
	Current state of coherence
	Common base of reference architectures

	Desired relationships between reference architectures
	Examples of relationships
	Desired relationship between ArchiMate elements
	Methods and techniques for linking ArchiMate elements

	Conclusion

	Method design
	Method requirements
	Functional requirements
	Non-functional requirements

	Design decisions
	The method
	Phases of the method
	Overview of the method
	Architecture of the implementation


	Method validation
	Case study
	Following the method

	Validation results

	Discussion
	Reflection on the research methodologies
	Design Science Methodology
	Systematic Literature Reviews
	Focus group
	Survey
	Case study
	Unstructured interviews

	Reflection on the method
	Limitations of the research

	Conclusion
	Research questions
	Main research question
	Future work

	Appendices
	BPMN processes of SLRs
	Shortlist of papers of SLR1
	Shortlist of papers of SLR2
	Questions of the focus group
	The focus group data
	The focus group findings
	Dutch summary of the results of the two SLRs
	Questions of the survey
	Dutch version of the validated ArchiMate motivation view
	Dutch version of the designed method
	Dutch summary of the thesis
	References

