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One of the often mentioned applications of enter- 
prise architecture (EA) is IT decision-making support.  
However, little is known about how EA can improve  
IT decisions. This research reveals the success factors 
of how EA can be used to improve IT decisions. 
The number one success factor is the enterprise 
architect’s ability to anticipate the decision-making 
context. When enterprise architects understand their 
decision-making context correctly, they are likely to 
find the right way to collaborate with decision- 
makers, to present the right artifacts, and to provide 
the correct insights. The second success factor is to 
develop more actionable and diagnostic EA artifacts 
and to provide more strategic EA insights. In terms 
of IT investment, the most successful organizations 
use more actionable and diagnostic EA artifacts and 
more strategic EA insights in the preparation of IT 
investment decisions. 
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1
Introduction

1.1 Motivation

Enterprise architecture (EA) has its origin in methodologies such as Informa-
tion Engineering [63, 132], IBM’s Business Systems Planning [237], and James
Martin’s Information Strategy Planning [131]. These methodologies, which date
back to the 1970s and 1980s, were rather top-down methodologies for creating a
plan for developing information systems. These methodologies included a step to
create an information architecture. Such an architecture of information systems
was regarded as important since “these systems share common data and should
communicate easily with each other” [122]. At the time architecture was part
of an overall planning approach. The positive point is that architecture was not
seen as a goal in itself. The weakness is that architecture was developed as a big
design up front. This type of “blueprint” design proved increasingly difficult to
realize due to organizational dynamics such as the changing circumstances in the
external environment. At the time, architecture was not yet a profession.

During the 1980s the notion of architecture grew in importance and became
a discipline in itself with the introduction of frameworks such as PRISM, ARIS,
and the Zachman framework [72, 109]. What these frameworks have in common
is that they provide an enterprise-wide view on the aspects that play a role in the
design of information systems. The importance of creating enterprise information
architectures was “to ensure that processes and information can be interconnected
across departments” [41].

In the 1990s, the discipline became known as enterprise architecture. It was
a National Institute of Standards and Technology (NIST) panel that coined the
term “enterprise architecture” [176] and further frameworks were introduced like
TOGAF, FEAF, and IAF [109]. At a certain moment the number of frame-
works increased to such an extent that a book became popular entitled “How to
Survive in the Jungle of Enterprise Architecture Frameworks” [186]. The intro-
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Chapter 1.

duction and growth of EA frameworks placed the emphasis on the development of
architectures. Principles and models became the main EA artifacts. The upside
is that the profession of architecture grew in importance and architects improved
their skills in developing architectures. The downside is that architecture became
an end in itself. Some organizations became so disillusioned with EA that they
closed their architecture offices.

At the beginning of the 21st century, the attention shifted to the process
of architecture with new releases of TOGAF and approaches such as DYA [85,
223]. It was recognized that, in order to be successful, architecture must be
embedded in organizational processes such as portfolio management and project
management. EA maturity models became popular as a way of improving an
organization’s architecture discipline [203]. It was also this timeframe that EA
started to be advocated as a tool to support decision-making [91, 154, 29, 72,
212, 93]. According to Proper and Lankhorst [168] “the field of EA should take
upon it as its mission to enable evidence-based management of transformations”.

Throughout the decades, EA has been a mechanism to deal with complexity
[154]. Over the years the IT landscapes of organizations had become increasingly
complex. These landscapes consist of numerous information systems and IT in-
frastructures which are interwoven with each other and with business processes
[11, 138]. EA is supposed to give insight and oversight in these complex land-
scapes and provide guidance at the moment of decision-making. Van der Raadt
[170] claims that one of the key outputs of the EA function is “improved decision-
making regarding the solutions to complex organizational problems”. Intuitively,
everybody understands that the EA discipline is indispensable in organizations
that become increasingly complex. Despite the improvements that have been
made by the EA profession, it remains unclear how EA improves decision-making.

EA is still a relatively young discipline. One of the difficulties is that it has
different meanings for practitioners and researchers [120, 166]. Lapalme [120]
introduced the three schools of thought on EA based on a review of EA litera-
ture. He distinguishes between enterprise IT architecting, enterprise integrating,
and enterprise ecological adaptation. Each school is grounded in its own belief
system. In enterprise IT architecting, EA is the glue between business and IT.
In enterprise integrating, EA is the link between strategy and execution. In en-
terprise ecological adaptation, EA is the means for organizational innovation and
sustainability. For this thesis we adopted Greefhorst and Proper’s [72] definition
of EA: “EA is a discipline that provides overview and insights needed to trans-
late strategy into execution, enabling senior management to take ownership of
the key decisions on the design of the future organization”. Like in Lapalme’s
[120] enterprise integrating school, we consider EA as the link between strat-
egy and execution and the enterprise architect as the trusted advisor to senior
management.
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EA can also be viewed as both a design discipline and a business function.
As a design discipline, enterprise architects create high-level designs of the fu-
ture state of an enterprise covering elements like business capabilities, business
processes, information systems, data, IT applications, and IT infrastructure. As
a business function, enterprise architects need to make sure that their designs
are relevant, accepted, and understood by their stakeholders. One important
stakeholder group is senior management, who make decisions with regard to the
design and evolution of the enterprise. In this thesis, EA is considered primarily
as a business function. We trust that enterprise architects make the right designs.
Our main focus is how these designs can be used by the people who decide on
the structure and future of their organization.

Most EA definitions explicitly mention the areas that cover the design of a
future enterprise. Information systems (IS) and information technology (IT) are
among these areas, indicated by terms like information systems, IT applications,
technologies, and IT infrastructure. It was in fact the IS discipline where the
notion of EA originated with the Zachman framework [238]. If the impact of
EA on decision-making were visible, IS and IT decisions would certainly be the
areas to research. However, little is known of how IS and IT decisions have
improved due to EA. According to Janssen [90], a substantial gap exists between
the current and desired state of decision-making as an EA objective. Foorthuis
et al. [66] indicate that although EA provides valuable insights, these insights
have limited effects on real contributions to the business, like cost reduction or
the ability to manage complexity. There appears to be a gap between EA designs
and insights, and the way these designs and insights are used in decision-making;
a gap between EA as a design discipline and EA as a business function. In this
thesis we aim to bridge this gap. How can EA be used to improve IT decisions?

There are three trends that support the need for our research. First, the
increasing role of technology in products and services, also referred to as digiti-
zation or digital transformation [78]. As a consequence, the performance of the
organization increasingly depends on technology. IT decisions, and in particular
IT investment decisions, become increasingly strategic, but are inherently risky.
EA is positioned as a tool to support these IT decisions, but how can EA suc-
cessfully facilitate IT decision-making and mitigate risks of IT decisions? Second,
the need to manage complexity [139]. As a result of the first trend, the complex-
ity of organizations’ IT landscapes increases. EA is positioned as a management
practice to deal with this complexity, but what insight can this management prac-
tice provide when IT decisions are made? Third, in response to this increasing
complexity, awareness has grown that different decision-making contexts require
different approaches [198]. One of the manifestations of this trend is that agile
software development has become mainstream next to the traditional waterfall
approach. EA, by definition, starts with the identification of the context, but
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how can an enterprise architect identify the IT decision-making context he or she
is part of, and properly respond to it?

Decision-making is a science in itself and has been studied by many promi-
nent scholars. March and Simon [129] suggested that managing organizations and
decision-making are virtually synonymous. Studies of strategic decision-making
are central to organization theory. The dynamics of organization require a deep
understanding of decision-making. As organizations grow and become more com-
plex, decision-making becomes a central activity [148]. A decision is a specific
commitment to action (usually a commitment of resources) and a decision pro-
cess is a set of actions and dynamic factors that begins with the identification
of a stimulus for action and ends with the specific commitment to action [137].
Whereas decision-making once was seen as a linear and rational process, current
views are different. Simon [193] coined the term “bounded rationality” meaning
that when individuals make decisions, their rationality is limited by the availabil-
ity of information of the decision problem, the cognitive limitations of their mind,
and the limited time available to make the decision. Decision-makers in the view
of bounded rationality act as “satisficers”, seeking a satisfactory solution rather
than an optimal one. Langley et al. [118] argue that an organization can be
studied as a system of decisions. According to Langley, most decisions arise in a
context in which a given decision has relationships in some ways with preceding,
concurrent and/or successive decisions. Tversky and Kahneman [218] introduced
the idea of cognitive biases, and their impact on decision-making. Different kind
of biases, such as confirmation bias, anchoring and loss aversion, can creep into
every decision [95]. Boonstra [28] studied IT decisions and found that many IS
decisions follow the same messy and difficult path as other (strategic) decisions.
It is in this context where enterprise architects have to use their influence to
improve IT decisions. EA has the potential to add to the quality of IT decisions,
but how can we exploit this potential?

1.2 Research Questions

Based on the research topics identified in the previous Section, the main research
question of this thesis is:

MRQ: How can enterprise architecture be used as an instrument to improve IT
decisions?

To structure the research questions, we use the research model in Figure
1.1. The left hand side of this Figure contains the EA function which develops
artifacts, provides insights, follows processes, has people acting in roles, and has
a certain maturity. The right hand side of Figure 1.1 contains the IT decision,
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with quality as one of the aspects of an IT decision, context as a set of factors
that influences IT decision-making, and investment as one of the types of IT
decisions.

EA 
Function

Artifacts

IT 
Decision

Investment

Context

Contribution

Impact

Quality
Insights

Process

Role

Maturity

Figure 1.1: Research model

As a first step to answer the main research question, we need to gain a better
understanding of what IT decision-making comprises. What stands out in most
EA research so far, is that EA is positioned as a useful management tool without
going into what management means and how it is implemented. It looks like EA
is a solution in search of a problem. When EA is supposed to support IT decision-
making, we should start from the decision-making perspective rather than the
other way around. We start from the right side in Figure 1.1. What kind of
IT decisions are made? What kind of approaches are followed to make these IT
decisions? Who is involved? To what extent is EA involved? And finally, what
is the impact on the EA function. Therefore, the first research question is:

RQ1: What constitutes IT decision-making and what are the implications for
enterprise architects?

Once we have gained more insights in IT decision-making, IT decisions and
the implications for enterprise architects, we now then explore how organizations
perceive the contribution and value of EA in IT decision-making. In particular,
we are interested in what constitutes the successful contribution of enterprise
architects to IT decisions from an empirical point of view. A contribution is
successful when it adds to the quality of a decision. This particular study starts
from the left side in Figure 1.1 and tries to find factors in the EA function that
contribute to the quality of an IT decision. When we can study and compare
organizations where decision-makers successfully experience the support of enter-
prise architects in certain important IT decisions, we can search for the factors
that explain that success. Hence, the second research question is:
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RQ2: What factors determine the successful influence of enterprise architects
on IT decisions?

One of the factors that is likely to have a positive influence on the way en-
terprise architects can improve IT decisions is in recognizing the decision-making
context. Many context variables exist such as the environmental context, the
organizational context, the nature of the decision, and the characteristics of the
managers who make the decision [157]. We start from the right side in Figure
1.1 and explore what the impact is of certain context factors on the role of the
enterprise architect. This leads to the third research question:

RQ3: What is the impact of the decision-making context on enterprise
architects?

One of the context factors is the interconnectedness of decisions. This aspect is
of special interest because the EA discipline is used to study connections between
different elements like business capabilities, business processes, information sys-
tems, data, IT applications, and IT infrastructure. When we regard a decision as
such an element, we can study these elements from an EA perspective, i.e., study
the linkages between these decisions as well as the impact of these linkages on
the role of enterprise architects in their support of IT decision-making. The way
enterprise architects could be involved in and contribute to IT decision-making
may depend upon the linkages between IT decisions. The research question is:

RQ3-1: What kind of linkages between IT decisions can be identified and what
are the implications for enterprise architects?

A second context factor that we want to study is agility. One of the important
and contemporary developments that has an impact on the role of architects
in decision-making is the transition to agile software development (ASD). ASD
brings more decision-making power to teams [229, 59]. This implies that some
other actors see a reduction in their decision-making power. Architects are one of
the actors in an agile context, so the question is how their decision-making power
changes due to the agile transition: are they involved in more or less decisions,
do they have to find different ways to collaborate in decision-making, and how
do stakeholders perceive the role of architects in decision-making? The research
question therefore is:

RQ3-2: What is the impact of the agile transition on the role of architects in
decision-making prior to and during agile iterations?

One of the types of IT decisions that is of particular interest is the IT in-
vestment decision. This is the decision that “selects and funds initiatives and
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addresses how much to spend, what to spend it on, and how to reconcile the con-
cerns of different stakeholders” [227]. The IT investment decision is of particular
importance given the amounts of money invested in IT and the risks associated
with IT investments. Gartner reports an estimated IT spending for 2018 of USD
3.68 trillion, an increase of 4.5 percent from 2017 [126]. The CHAOS report
indicates that in 2015 only 29 percent of projects were successful, i.e., on time,
on budget, and with a satisfactory result, 19 percent of all projects failed and 52
percent were challenged [88]. We start from the left in Figure 1.1 and try to find
EA variables that positively contribute to the quality of IT investment decisions.
This leads to the following research questions:

RQ4: How can EA improve the quality of IT investment decisions?

One of the factors that is likely to have a positive impact on the quality of
IT investment decisions, is the maturity of an EA practice. We consider an EA
practice “the whole of activities, responsibilities and actors involved in the de-
velopment and application of EA” [205]. The maturity of an EA practice is an
indicator for the quality of an EA practice. The purpose of maturing an EA
practice is to increase its performance and effectiveness upon achieving a higher
maturity [133]. The objective of this research is to investigate the relationship be-
tween the maturity of an EA practice and the quality of IT investment decisions.
Therefore, the fourth research question is:

RQ4-1: To what extent does the maturity of an EA practice predict the quality
of IT investment decisions?

Now that we understand the relationship between the maturity of an EA
practice and the quality of IT investment decisions, we can go a step further.
After all, EA practices of organizations have different ways to add to the quality
of IT investment decisions: by improving certain maturity areas of their EA
practice, by producing certain EA artifacts and/or by providing certain insights.
If we would know the differences between organizations with high quality IT
investment decisions as compared to organizations with low quality IT investment
decisions, we could learn from the way the organizations with high quality IT
investments make use of EA. This brings us to the following research question:

RQ4-2: How does EA improve the quality of IT investment decisions?

Once we understand different factors that determine the successful contribu-
tion of EA to IT decisions, and in particular IT investment decisions, we can
create an instrument that can help enterprise architects to contribute to and add
to the quality of IT investment decisions. While the business case has been ac-
cepted as a best practice to support IT investment decisions, the use of EA in IT
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investment decision-making is not self-evident. What is lacking, is a practical aid
like a checklist that can be used by enterprise architects to support IT investment
decisions, and more specifically, the business case. By means of this research we
aim to start closing this gap. We intend to develop a checklist for enterprise ar-
chitects by which they can assess the business case and thus improve the quality
of the IT investment decision. This should ultimately result in more successful
projects. From the perspective of Figure 1.1 we aim to develop an artifact that
supports enterprise architects to contribute to the quality of an IT investment
decision. This leads to the final research question:

RQ5: How can the use of a checklist be a guide for enterprise architects to
improve the quality of a business case?

The answers to the five research questions, partially provide the answer to the
main research question. Many other aspects deserve to be studied in the context
of IT decision-making and EA. Because it is such a large field of research, we have
put the emphasis on IT investment decisions. Other types of IT decisions, such
as the prioritization of IT investments, would be interesting topics to examine
in relationship to EA. Another interesting area for future research is what EA
artifacts and insights are useful for supporting what type of IT decision, and in
what stage of the IT decision-making process. Context is a large area, of which
we have only touched on a limited part. Lastly, we frequently touch the aspect
of biases, but we did not explicitly research biases in IT decision-making.

1.3 Research Approach

The main research approach applied in this thesis is best explained by Gregor’s
taxonomy in Figure 1.2 showing the interrelationships between theory types [73].

We follow Gregor [73] in defining theory as that which explains, analyzes, or
predicts phenomena. Type I theories analyze “what is”. These theories describe
what the research object is without seeking predictions or explanations and are
valuable when little is known about certain phenomena. In this thesis, the rela-
tionship between IT decision-making and EA is such a phenomenon (RQ1). Type
II theories explain primarily “how” and “why” things happen. These theories ex-
plain something that was poorly understood beforehand. In our case, we want
to understand and explain how and why EA is applied in IT decision-making
and what IT decision-making implies for EA (RQ2, RQ3-1, RQ3-2, and RQ4-2).
Type III theories are about the “what will be”. These theories are able to predict
outcomes from a set of explanatory factors, without explaining the underlying
causal connections between the dependent and independent variables in detail. In
this thesis, we want to find out what the impact is on the quality of IT investment
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(II) Theory for 
explaining

(I) Theory for 
analyzing

(III) Theory for 
predicting

(IV) Theory for 
explaining and 

predicting 
(EP theory)

(V) Theory for 
design and 

action

RQ2 
RQ3-1
RQ3-2
RQ4-2

RQ1

RQ4-1

RQ-5

Figure 1.2: Interrelationships between theory types (based on Gregor [73])

decisions if the maturity of an EA practice increases (RQ4-1). Type IV theories
include the “what is”, “how”, “why”, “what will be”, and “when”. These theories
explain and predict phenomena. They imply both understanding of underlying
causes and prediction, as well as description of theoretical constructs and the
relationships among them. Given the breath of our research theme, we did not
intend to develop a “grand theory”. As indicated in the previous Section, several
aspects of our main research question must still be studied. Instead we opted to
develop a type V theory. This type of theory defines how to do something. Since
the business case is an important tool to decide on IT investments, we want to
explore how a checklist can help enterprise architects to improve the quality of
a business case (RQ5). As Figure 1.2 illustrates, different types of theories build
on each other. Type I theory is necessary for the development of all the other
types of theory. Type V theory can be informed by all the other types of theory.
We build theory the same way in this thesis. Once we have answered RQ1 we
can develop theories for explaining and predicting. Once we have answered RQ2
till RQ4 we can use design science to build theory. Type I theory is not only
necessary to answer RQ1, but also to develop constructs and artifacts which are
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required to answer RQ4-2, RQ3-2 and RQ5.

1.4 Research Method

We used various research methods in the development of theories. Table 1.1
contains an overview of the different methods that we used related to the research
question in Section 1.2. Both qualitative and quantitative research methods
were chosen. Regarding qualitative methods, we performed literature studies
and case studies. In the area of quantitative methods, we conducted surveys and
an experiment. We used focus groups to collect explanations for our findings.
Statistical analysis was conducted on the data gathered with the surveys and
experiment. In summary, we applied a mixed method approach.

Table 1.1: Application of research methods in this thesis

Research method RQ1 RQ2 RQ3-1 RQ3-2 RQ4-1 RQ4-2 RQ5

Literature study X X X X X

Case study X X X

Survey X X X

Experiment X

Focus group X X X X X

Statistical analysis X X X

Literature study

Undertaking a systematic literature review (SLR) is a common reason “to pro-
vide a framework/background in order to appropriately position new research
activities” [101]. An SLR was conducted on different topics. First, to understand
what constitutes IT decision-making and explain the role of EA with regard to
IT decision-making. Second, to understand decision-making in general and IT
investment decision-making in particular as well as to develop constructs to mea-
sure the quality of IT investment decisions. Third, to understand the impact of
agile software development on the role of architects in decision-making. Fourth,
to study the use and added value of checklists.

Case Study

The case study approach is suitable “to study contemporary phenomena in their
natural context” [182]. We regard the use of EA in IT decision-making as a com-
plex social phenomenon. Case studies were conducted to gain more empirical in-
sight and build theories on the relationship between EA and IT decision-making.
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We conducted three case studies. First, to find success factors for the use of EA in
IT decision-making. Second, to study the linkages between different IT decisions
in a real-life situation. Third, to study the involvement of EA in decision-making
in an agile context.

Survey

According to Pfleeger and Kitchenham [160] a survey is not just the instrument
(the questionnaire or checklist) for gathering information. In their view, it is “a
comprehensive system for collecting information to describe, compare or explain
knowledge, attitudes and behavior”. In this thesis we conducted a survey to
collect data to gain a deeper understanding of the relationship between EA ma-
turity and the quality of IT investment decisions. The same survey was used to
collect data on how EA contributes to the quality of IT investment decisions. We
performed another survey to collect data on the involvement of different actors
in decision-making in an agile context.

Experiment

According to Wohlin et al. [231] an experiment is “an empirical enquiry that
manipulates one factor or variable of the studied setting. Based on randomiza-
tion, different treatments are applied to or by different subjects, while keeping
other variables constant, and measuring the effects on outcome variables”. We
conducted an experiment to determine how a checklist can be used by enterprise
architects in the assessment of a business case.

Focus group

We used focus groups as an ex-post method to aid in interpreting research results
[209]. The focus groups were supportive to the case studies, surveys and the
experiment. They provided a form of triangulation that allowed us to verify the
findings and gather explanations.

Statistical analysis

We performed a statistical analysis on the data that we collected with the survey
on EA and the quality of IT investment decisions. Furthermore, statistical anal-
ysis was conducted on the data gathered in the experiment. We used SPSS, a
software package for statistical analysis, for different types of analyses and tests
[62].
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Table 1.2 shows the overviews of chapters, the research questions that are cov-
ered in each chapter, Gregor’s theory types, and the research methods that are
applied.

Table 1.2: Research overview

No. Chapter Research
questions

Theory
Types

Research
methods

1 Introduction

2 Enterprise architects
should follow the money

RQ1 Analyzing SLR

3 The decision-making con-
text influences the role of
the enterprise architect

RQ2 Explaining Case study,
Focus group

4 Enterprise architects
should play different roles

RQ3-1 Explaining Case study,
Focus Group

5 Empirical insights into the
evolving role of architects
in decision-making in an
agile context

RQ3-2 Explaining Case study,
SLR, Survey

6 An empirical investigation
of the relationship between
enterprise architecture ma-
turity and the quality of
IT investment decisions

RQ4-1 Predicting Survey, Focus
group, SLR,
Statistical anal-
ysis

7 How enterprise architec-
ture improves the quality
of IT investment decisions

RQ4-2 Explaining Survey, Focus
group, SLR,
Statistical anal-
ysis

8 Preconditions for the use
of a checklist by enterprise
architects to improve the
quality of a business case

RQ5 Design and
Action

Experiment,
Focus group,
SLR, Statistical
analysis

9 Conclusion

1.5 Practical Relevance

According to literature, EA has different purposes. One of these purposes is to
support IT decision-making, and amongst others, IT investment decisions. These
investment decisions have an impact on business and IT landscapes. These land-
scapes tend to become more and more complex. Given this increasing complexity,
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the enterprise architect can and should become an indispensable link in the prepa-
ration of IT investment decisions. After all, enterprise architects are primarily
the ones with insight into the coherence of things. With that insight they must be
able to grow into the role of a trusted advisor, who advises decision-makers on the
solutions and risks of IT investments. This research aims to provide enterprise
architects with insights and tools that help them grow into that role.

1.6 Scientific Relevance

Kotusev [111] studied 1,075 EA articles, published between 1985 to 2015. One
of his figures demonstrates that early research on EA was non-empirical. Many
researchers at the time were focused on how to conduct EA with a strong emphasis
on EA frameworks. It was only since 2012 that the majority of EA research was
classified as empirical. It was recognized that a framework is of less relevance
for making EA a success. Kotusev [111] in his study of EA literature concluded
“EA is a truly complex, multifaceted and overarching organizational practice
having multiple aspects including people, processes, documents and instruments,
related to other specific management practices and technologies, and dependent
on specific types of organizations”. More recently, literature was published on
how to successfully apply EA [117, 65, 188, 3, 228]. The objective of this research
is to empirically develop and test theory to better understand and improve the
relationship between EA and IT decision-making.

1.7 Thesis Outline

The research presented in this thesis has been previously published, or has been
submitted for review for publication. The chapters are based on the publications
listed below. For each, my contribution to the research is described.

Chapter 2

EA offers ways to steer and guide the design and evolution of the enterprise in-
cluding its information technology (IT). One of the outputs of EA is improved
decision-making about IT. This Chapter aims to provide EA researchers and
practitioners with insights into how IT decision-making actually takes place and
what that means for them. A systematic literature review was conducted to find
and analyze primary studies about IT decision-making. We found that IT in-
vestment and prioritization is by far the largest decision category. Money seems
much more important than content. The IT decision-making process itself is
subject to different variables and factors making every IT decision unique. We
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also found that both rational and bounded rational approaches are used in IT
decision-making. EA does not have a prominent role in IT decision-making. IT
decision-making is a messy and complex process where money plays a prominent
role. We argue that, if enterprise architects want to influence IT decision-making,
they should follow the money by combining content with investment planning and
prioritization. This Chapter answers RQ1.

Parts of this Chapter are based on: M. van den Berg and H. van Vliet, (2014).
Enterprise architects should follow the money. 16th Conference on Business In-
formatics [20].

Contribution: Planned and conducted the systematic literature review, and
wrote the paper.

Chapter 3

One of the objectives of EA is to support IT decision-making. The objective of
this Chapter is to provide EA researchers and practitioners with insight into the
factors that influence the role of EA in IT decision-making. For this purpose,
we conducted a multiple case study at three different organizations in which we
analyzed how EA influences IT decisions regarding specific issues. EA’s support
was found to deliver a valuable contribution in all three cases, which however,
varied considerably from case to case. We have identified four different factors
that determine the role of EA in IT decision-making processes: the formalization
of the decision-making process, the mindset of decision-makers, the magnitude of
impact and the time pressure of the issue. These factors determine how the en-
terprise architect will be involved in IT decision-making, the type of deliverables
and the breadth and depth of the architecture analysis. RQ2 is answered in this
Chapter.

Parts of this Chapter are based on: M. van den Berg and H. van Vliet,
(2016). The Decision-Making Context Influences the Role of the Enterprise Ar-
chitect. 20th International Conference on Enterprise Distributed Object Comput-
ing Workshop [21].

Contribution: Planned and conducted the case study, and wrote the paper.

Chapter 4

The goal of this Chapter is to gain insight into linkages between IT decisions and
discuss the implications for EA. For this purpose, we carried out a case study in
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which we analyzed possible linkages between 265 IT decisions. We used a frame-
work that makes a distinction between sequential, precursive and lateral linkages.
By reconstructing issue streams of IT decisions, we identified the three types of
linkages that apply to real situations and analyzed the implications for EA. We
argue that each type of linkage requires a different role from EA. Sequential link-
ages require a high level design, precursive linkages require anticipating guidance
and lateral linkages require a devil’s advocate. The results of this Chapter answer
RQ3-1.

Parts of this Chapter are based on: M. van den Berg and H. van Vliet, (2016).
Enterprise Architects Should Play Different Roles. 18th Conference on Business
Informatics [22].

Contribution: Planned and conducted the case study, and wrote the paper.

Chapter 5

The transition to agile software development changes the decision-making power
in organizations. This Chapter aims to provide researchers and practitioners with
empirical insights into how the participation in decision-making by enterprise, so-
lution, and system architects evolves due to this transition. For this purpose, a
case study was conducted to examine the participation of and challenges for ar-
chitects in decision-making in agile projects. A mixed-method research approach
was used comprising observations, conversations, interviews, literature study, and
a survey. We found that 101 decision types are used prior to and during agile iter-
ations, in which architects and stakeholders collaborate to make these decisions.
The projection of these types of decisions over 25 different actors in the case
study organization demonstrates that decision-making is a group effort in which
solution and system architects are highly involved. Architecture and agility can
indeed co-exist. Another finding of this case study is that stakeholders in agile
teams perceive less architecture involvement in decision-making and expect less
design decisions up front. Architects are challenged to become team players, to
make design decisions only when they are necessary, and finally, to document,
communicate, and share design decisions more effectively. This Chapter answers
RQ3-2.

Parts of this Chapter are based on: F. Heijenk, M. van den Berg, H. Leopold,
H. van Vliet, and R. Slot, (2018). Empirical Insights into the Evolving Role of
Architects in Decision-Making in an Agile Context. 12th European Conference
on Software Architecture [77].
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Contribution: Partly planned the research, and supervised Femke Heijenk
who conducted the research. Wrote 100 percent of the paper.

Chapter 6

According to literature, one of the benefits of EA is improved decision-making.
One of the decisions to which EA is intended to contribute is IT investment.
However, there is no clear evidence of any relationship between EA, the quality
of IT investment decisions, and the quality of the outcomes of these decisions.
The objective of this Chapter is to empirically study the relationship between the
maturity of an EA practice, the quality of IT investment decisions, and the qual-
ity of the outcomes of IT investment decisions. A quantitative research approach
was chosen, in which data were collected from a survey of 142 EA developers,
users and implementers. The main finding from this study is that the maturity of
an EA practice (according to DyAMM, one of the models for measuring EA ma-
turity) has a weak positive relationship with the quality of IT investment decision
outcomes, where this relationship is almost perfectly mediated by the quality of
IT investment decisions. Our study indicates that enterprise architects should
focus on ways to improve the quality of IT investment decisions rather than the
quality of the outcomes of these decisions. RQ4-1 is answered in this Chapter.

Parts of this Chapter are based on: M. van den Berg, R. Slot, M. van Steen-
bergen, P. Faasse, and H. van Vliet, (2019). An Empirical Investigation of the
Relationship between Enterprise Architecture Maturity and the Quality of IT In-
vestment Decisions. Manuscript revised and resubmitted to Information Systems
Frontiers [19].

Contribution: Developed the measurement models. Developed, planned and
conducted the survey, and wrote the paper.

Chapter 7

The objective of this Chapter is to explore how EA can support IT investment
decisions. A quantitative research approach was chosen, in which data were col-
lected from a survey of 142 participants. These data were used to perform a
comparative analysis between top and bottom quartile organizations on 1) the
EA maturity, 2) the use of EA artifacts in the preparation of IT investments, and
3) the key insights that EA provides in preparation of IT investments. We found
that top quartile organizations are more mature in all EA maturity areas. They
also make more extensive use of different types of EA artifacts in the preparation
of IT investment decisions, especially diagnostic and actionable artifacts. Finally,
EA provides top quartile organizations with more key insights in the preparation
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of IT investment decisions, and in particular, strategic insights. As a result of
our research we created a conceptual model that integrates seven propositions.
By doing so, we answered RQ4-2.

Parts of this Chapter are based on: M. van den Berg, R. Slot, M. van Steenber-
gen, P. Faasse, and H. van Vliet, (2019). How Enterprise Architecture Improves
the Quality of IT Investment Decisions. Accepted by and published in Journal of
Systems and Software [17].

Contribution: Developed, planned and conducted the survey, and wrote the
paper.

Chapter 8

What EA is lacking, is a practical tool like a checklist that can be used by en-
terprise architects to support IT investment decisions, and more specifically, the
business case. The business case is a common practice to justify IT investment
decisions. The objective of this research is to investigate how the use of a check-
list can support enterprise architects in improving the quality of a business case.
To answer this question, we conducted design science and developed and eval-
uated a checklist that can be used by enterprise architects in the assessment of
a business case. The evaluation of the checklist was conducted by means of an
experiment. The results of the experiment with 32 architects demonstrate that
using a checklist as such does not lead to higher quality improvement suggestions
in the assessment of a business case as compared to not using a checklist. In other
words, a checklist alone does not make the difference. Discussion of the results
of the experiment with focus groups reveals several preconditions for the use of
a checklist. In any case, the use of the checklist reduces the risk of overlooking
valuable insights to improve the quality of the business case. RQ5 is answered in
this Chapter.

Parts of this Chapter are based on: M. van den Berg, L. Cordewener, P.
Lago, R. Slot, and H. van Vliet, (2019). Preconditions for the Use of a Checklist
by Enterprise Architects to Improve the Quality of a Business Case. Manuscript
accepted by 21st Conference on Business Informatics [16].

Contribution: Developed the checklist, planned and conducted the experiment
and focus groups, and wrote the paper. Lars Cordewener conducted a Systematic
Literature Study on checklists and wrote the corresponding Section of the paper.
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Chapter 9

In this concluding Chapter the main research question is answered. We also
explain the contribution of this research and discuss the limitations as well as
suggestions for future research.
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2
Enterprise Architects Should Follow the

Money

Enterprise architecture (EA) offers ways to steer and guide the design and evo-
lution of the enterprise including its information technology (IT). One of the
outputs of EA is improved IT decision-making. This study aims to provide EA
researchers and practitioners with insights into how IT decision-making actually
takes place and what that means for them. A systematic literature review was
conducted in order to find and analyze primary studies on IT decision-making.
We found that IT investment and prioritization is by far the largest decision
category. Money seems much more important than content. The IT decision-
making process itself is subject to different variables and factors making every
IT decision unique. We also found that both rational and bounded rational ap-
proaches are used in IT decision-making. EA does not have a prominent role in
IT decision-making. IT decision-making is a messy and complex process where
money plays a prominent role. We argue that, if enterprise architects want to
influence IT decision-making, they should follow the money by combining content
with investment planning and prioritization. Further research is required into
what distinguishes enterprise architects that are successful in IT decision-making,
from those that are less successful.

2.1 Introduction

Enterprise architecture (EA) is still a relatively young discipline which is seeking
ways to fully exploit its potential [66, 170, 201, 222]. As stated in Chapter 1, EA
can be considered both a design discipline and a business function. As a design
discipline, EA is an instrument to create a high-level design of the future state
of an enterprise covering both business processes and IT capabilities [181, 72].
As a business function EA supports senior management in making decisions with

19



Chapter 2.

regard to the design and evolution of the enterprise [170, 201, 90]. Van der Raadt
claims that one of the key outputs of the EA function is “improved decision-
making regarding the solutions to complex organizational problems” [170]. That
raises the question of to what extent EA is used in decision-making and whether
decision-making does indeed improve when EA is involved. Most EA definitions
explicitly mention the areas that constitute the design of a future enterprise.
Information systems (IS) and information technology (IT) are among these areas,
indicated by terms like information systems, applications, and IT infrastructure
[119, 223]. It was in fact the IS discipline where the notion of EA originated with
the Zachman framework [238]. If effects of EA on decision-making were visible,
IS and IT would certainly be the areas to look for. However, little is known of
how IS and IT decision-making have improved due to EA. According to Janssen,
a substantial gap exists between the current and desired state of decision-making
as an EA objective [90]. Foorthuis et al. indicate that although EA provides
valuable insights, these insights have limited effects on real contributions to the
business, like cost reduction or the ability to manage complexity [66]. There
appears to be a gap between EA insights and the way these insights are used in
decision-making. That raises the question of how IS and IT decisions actually
are made and what the answers mean for EA.

The goal of this study is to provide EA researchers and practitioners with
insights into IT decision-making1 by means of a systematic literature review
[101]. The specific research questions for this study are:

1. What kind of IT decisions are being made?

2. What approaches are taken to make IT decisions?

3. Who is involved in IT decision-making?

4. To what extent is EA involved in IT decision-making?

We found that IT decisions are contextual. The process that leads to those
decisions is complex by nature and impacted by different factors. Both rational
and more irrational approaches are followed and money plays a dominant role.
IT decision-making processes are messy and unpredictable. All this makes it
difficult for enterprise architects to play their role properly. Most of them have a
background in software engineering or systems analysis where orderly processes
are followed and content related topics are discussed. Our conclusion is that
enterprise architects have to connect content with money and adapt their skills
to gain more influence.

This Chapter is organized as follows: Section 2.2 discusses the research method
used for the study. Section 2.3 presents the results of the systematic review. In

1IT decision-making includes both IT and IS decisions.
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Section 2.4 the results as well as the limitations and threats to the validity of the
results are discussed. Section 2.5 presents conclusions.

2.2 Research Method

This study was conducted according to the systematic literature review method-
ology described by Kitchenham and Charters [101]. Undertaking a systematic
literature review is a common reason “to provide a framework/background in
order to appropriately position new research activities” [101]. Since we want to
find ways to better exploit EA with regard to IT decision-making, a systematic
literature review is an appropriate method for gaining a better understanding of
this subject. We started the systematic literature review by formulating a review
protocol. This protocol specifies the background for the review, research ques-
tions, search process, selection criteria, selection procedures, quality assessment,
data extraction, data synthesis, dissemination strategy, and a project timetable.

2.2.1 Search Process

The scope for this study is IT decision-making. We consider IT not just as tech-
nology or infrastructure. We also wanted to include the application of technology:
the area of information systems (IS). So we decided to search for ‘IT decision-
making ’ as well as ‘IS decision-making ’. In recent years IT decision-making re-
ceived a lot of attention under the umbrella of IT governance (ITG). Weill and
Ross define IT governance as “specifying the decision rights and accountability
framework to encourage desirable behavior in the use of IT” [227]. As part of
ITG, research was conducted on how to organize and implement decision-making
on IT. Therefore we also search for ‘IT governance’. We considered searching
for ‘enterprise architecture’ in combination with one of the above search terms,
but decided against this. We wanted to gain insight into how IT decision-making
takes place and not limit ourselves to decisions where enterprise architecture plays
a role. We assumed that all IT decisions are equally relevant for decision-makers.
We did not make a distinction between less or more relevant decisions. The re-
sulting search string is thus: (“IT decision-making” OR “IS decision-making”
OR “IT governance”). The digital sources searched in this study were:

• ACM Digital Library

• EBSCO

• IEEE Xplore

• JSTOR Knowledge Storage
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• Elsevier Science Direct

• SpringerLink

• Wiley Online Library

• ISI Web of Science

The search results used for this study were generated during the period be-
tween 28 July 2013 and 15 September 2013. The search results covered pub-
lished papers up to these dates depending on when a particular digital source
was searched. For each of the digital sources we documented the search strategy
and the dates of the search. The search process started with a pilot on the ACM
Digital Library. Based on the results, we refined the inclusion and exclusion cri-
teria. A second pilot was performed on ISI Web of Science and Elsevier Science
Direct. This pilot also resulted in adjustments in the selection criteria.

2.2.2 Search Results

The search produced 3573 candidate papers. Because of the semantic ambiguity
of the words “IT” and “IS”, many publications appeared that were totally off
topic. By examining the titles and venues of all 3,573 candidate papers, we
excluded the papers that were totally off topic. As a result 912 candidate papers
remained. Next, one researcher looked at the venue, the title, and abstract and
applied the following inclusion/exclusion criteria:

• Include only primary studies.

• Include only studies which describe IT or IS decisions and how these are
made.

• Include only papers written in English, and with full text available.

• Include papers from conference proceedings.

• If two papers publish the same study, the most recent or most comprehen-
sive is retained.

• Exclude meta studies, like studies about IT governance design and studies
in which generic frameworks are proposed. We want to research how IT
decision-making takes place in practice and thus prefer empirical studies.

• Exclude secondary studies like systematic literature reviews.

• Exclude abstracts, posters and introductions for workshops.
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• Exclude chapters from books.

• Exclude studies about software development governance. We excluded
these because we want to build research around IT decision-making that
can be influenced by EA. We considered software development out-of-scope
for EA.

After applying these criteria 109 studies remained. Two researchers then read
the full text of each of the 109 studies during the data extraction process. During
this step, an additional 37 papers were found to violate one of the selection
criteria and were excluded. Most of these 37 papers were meta studies from
which it was not possible to conclude how decisions were made. Ultimately, 72
primary studies were included in this systematic literature review. The full list
of these studies is available at https://bergmart.wordpress.com/2014/02/21/
enterprise-architects-should-follow-the-money/.

2.2.3 Data Extraction and Synthesis

Both authors read the full text of the 72 primary studies and used a predefined
spreadsheet form to extract and store the following data related to the search
questions:

• The kind of decision that was described in the paper. For this we used the
categories identified by Weill et al.: IT principles decisions, IT architecture
decisions, IT infrastructure decisions, business application needs, and IT
investment and prioritization decisions [227]. IT principles are a set of high-
level statements about how IT is used in the business. IT architecture is the
organizing logic for data, applications, and infrastructure captured in a set
of policies, relationships, and technical choices to achieve desired business
and technical standardization and integration. IT infrastructure contains
the centrally coordinated, shared IT services that provide the foundation
for the enterprise’s IT capability. Business application needs specify the
business need for purchased or internally developed IT applications. IT
investment and prioritization consists of the decisions about how much
and where to invest in IT, including project approvals and justification
techniques [227]. We considered sourcing and outsourcing decisions as part
of IT investment and prioritization. We considered a decision as an IT
investment and prioritization decision if the main decision was about money.
If the main decision was about content we considered it to belong to one
of the other four categories. In some cases, where the main decision was
both about money and content we considered it to belong to more than one
category.
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• The approach that was followed in making decisions. From the pilots we
did, it turned out that it was very difficult to find some kind of classification,
so we decided to describe the approach briefly for each of the 72 studies.
Based on these descriptions, we created a model that illustrates the different
variables and factors that play a role when making IT decisions.

• The stakeholders who were involved in making decisions. We distinguished
between those who made the decision and those who provided input. In
case the study provided clear evidence about who made the decision and
who provided input, we described them.

• Whether or not EA was involved in decision-making. We considered EA
as being involved either when an architecture artifact or an architect was
mentioned.

We also answered two questions about the quality of the results. Quality in
our study was associated with credibility and empirical content. We therefore
included the following questions:

• How credible are the findings? We used three categories: ‘high’ (if the paper
referred to more than one case study), ‘moderate’ (if the paper referred to
just one case study), and ‘low’ (no case study).

• To what extent are the findings based on empirical research? We used two
categories: ‘yes’ (if based on empirical research) and ‘no’ (if not based on
empirical research).

Data extraction was performed independently by the two researchers. Results
were compared, and disagreements were discussed and resolved.

2.3 Results

2.3.1 Demographic Data

The 72 studies were published in 48 different venues. Just 11 venues account for
35 of the papers as shown in Table 2.1. Each of the other 37 venues account for
just one published paper.

The year of publication is shown in Figure 2.1. In 2005 the number of publica-
tions started to increase. The years 2007 and 2008 show a steep increase. During
these years the interest in IT governance increased. The high peak in 2008 is dif-
ficult to explain. The 912 candidate papers show a different distribution pattern
compared with the 72 primary studies. The number of candidate papers grew
steadily from 2005 to 2010 without a peak in 2008. The peak of 2008 of the 72

24



Enterprise Architects Should Follow the Money

Table 2.1: Most frequent publication venues

Venue Number of studies

Hawaii International Conference on System Sciences 8
Decision Sciences 6
European Journal of Information Systems 4
MIS Quarterly 3
Business and Information Systems Engineering 2
Harvard Business Review 2
Information Systems and e-Business management 2
Information Systems Journal 2
Information Systems Management 2
International Digital Government Research Conference 2
Journal of Information Technology 2

Subtotal 35

primary studies might just be a matter of coincidence. Since 2009 the number
of publications remained steady. The rather low number of publications in 2013
can be explained by the period (July 2013 through September 2013) in which the
search took place.
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2.3.2 Kind of Decision

Table 2.2 shows the distribution of the categories of decisions we concluded from
the 72 primary studies. IT investment and prioritization decisions account for
61 percent of all decisions on their own and for 82 percent combined with other
decisions (categories 5, 6 and 7). IT infrastructure decisions and business appli-
cation needs were hardly found as a decision on their own. When these kinds of
decisions arose they appeared to be part of an IT investment decision.

Table 2.2: Number of studies per kind of decision

No. Category of decision Number of studies Percentage of studies

1 IT principles decisions 2 3%
2 IT architecture decisions 7 10%
3 IT infrastructure decisions 1 1%
4 Business application needs 0 0%
5 IT investment and prioritization decisions 44 61%
6 All (all 5 decisions taken together) 13 18%
7 Combination (decision 5 with 3 and deci-

sion 5 with 1 and 2)
2 3%

8 Not specified explicitly 3 4%

Subtotal 72 100%

2.3.3 Decision Approach

For each of the 72 primary studies we briefly described the approach that was
taken in making decisions. For each of these 72 studies a certain approach could
be identified, but none of these approaches were exactly the same. By studying
these approaches we found different variables and factors that play a role in IT
decision-making. We took a model from one of the primary studies, adapted it
slightly and extended it with the variables and factors found in the review [28].
Figure 2.2 illustrates the IT decision-making process with the different variables
and factors we extended it with. It demonstrates that before an IT decision
is made, a decision-making process is followed. This process starts with the
identification of an ‘IT-related problem’ and ends with a decision. In most cases
this will be an IT investment and prioritization decision as we saw before. An
IT-related problem is defined as a gap between the existing IT state and the
perceived optimum for that state [28].

The review clearly indicated that a process that at first might look simple,
is complex by nature. The IT-related problem by which the process starts has
different key variables. These variables determine to a large extent the ease and
speed by which, at the end of the process, a decision can be made. Some decisions
are quite simple and take less than a year, while others are very complex and
take more than four years [28]. The list with different variables is taken from
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IT-related 
Problem 

IT Decision-making 
Process IT Decision

Key variables, e.g.: 
• Necessity (urgency) for a 

solution
• Dependency of other 

problems/solutions
• Number of stakeholders
• Level of consensus among 

stakeholders
• Institutional pressures
• Clarity of objectives
• Risks related to problem
• Availability of information

Key factors:
• Environmental, e.g. what competitors 

and customers do, industry 
clockspeed, industry information 
intensity, economic conditions

• Organizational, e.g. strategic fit, use of 
methodologies and processes, culture

• Group, e.g. recognition, authority, 
negotiation, communication, 
relationships, coalitions

• Personal, e.g. risk perception and 
propensity, mindset, leadership skills

Figure 2.2: IT decision-making process with key variables and key factors

the primary studies and is not limitative. What becomes clear is that an IT-
related problem can have many characteristics with different gradations, with
innumerable combinations.

However, it is not only the IT-related problem that impacts the IT decision-
making process. Different factors also play a role. We took these factors from
the primary studies and grouped them into four categories. The first category
contains the environmental factors. These are factors that come from outside
the organization and are used to steer and influence decisions. Ravichandran et
al., in one of the primary studies, conclude that IT investment decision-making
is a complex budgeting process influenced by, amongst others, external factors
like what suppliers and customers do as well as institutional shareholders and
competitors [172]. In another study Ravichandran and Liu indicate that industry
clockspeed and industry information intensity are considered two environmental
factors that drive the firm’s IT investment strategy [173]. Also, general economic
conditions influence IT decisions [28].

Organizational factors are those factors that originate inside the organiza-
tion, like the use of methodologies and strategic fit. Methodologies are chosen,
adapted, and implemented by organizations. The primary studies were rich in
methodologies. To name a few: net present value [97], real options theory [99],
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return on investment [141], expected utility [98], sensitivity analysis [143], best-
fit [97], appropriateness [98], and portfolio analysis [175, 216]. Methodologies
can be quantitative or qualitative and can be combined with formal or more in-
formal processes [99, 175, 174]. Another organizational factor that steers and
influences decision-making is the organization’s strategy [24, 167]. Finally, the
organization’s culture is an important factor. Boonstra indicates that “some or-
ganizations have a more innovative attitude towards IS, while other organizations
have a more rational or political IS culture, or perceive IS more as a necessity”
[28].

Social factors also play an important role. The decision-making process rarely
is the playground of just one person. When two or more people are involved, dif-
ferent social factors come into play. In one of the primary studies, Ribbers et al.
indicate that successful IT decision-making requires both methodological com-
prehensiveness and social interventions [174]. Social interventions may include
the use of communication and negotiation, the involvement and commitment
of stakeholders and coalition building [174]. Other social factors are authority
and recognition in a group [74]. Guney and Cresswell even state, “authority of
any kind is always communicatively constructed, and therefore, negotiated and
distributed across the relationships between multiple positions” [74]. Decision-
making is not only a question of giving the right to decide but also of earning
the authority to decide.

Personal factors are the final group of factors and not the least important. In
the end, people make decisions. And people differ in the way they make decisions.
Shim et al. state that the IT decision-maker’s risk propensity was identified to
have significant direct and indirect effects on IT platform migration decisions
[192]. Ravichandran et al. indicate that also gut feeling and intuition play a role
when making IT decisions [172]. According to Preston et al. leadership skills
are important especially when making strategic IT decisions [167]. Mindset is
another relevant factor because it determines how processes are shaped [214].

The four key factors account for two approaches in IT decision-making: a
rational and a bounded rational one. The more we move from personal to en-
vironmental factors, the more rational the approach will be. In the rational
approach IT decisions are taken based on information. Boonstra refers to Hitt
who describes it “as a series of.... analytical processes whereby a set of objective
criteria is used to evaluate strategic alternatives” [28]. A good example is the
analytical framework for assessing and evaluating the value and cost effective-
ness of e-government initiatives [143]. Another example is a method based on a
mathematical model to select IT investments, addressing simultaneously projects
and asset operations [216]. In the bounded rational approach, decision-making
is viewed as a political and social process. This approach states that decision-
making processes in organizations are often influenced by the limited ability of
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people to process information [28]. Boonstra concludes from his study that “IS
decision-making follows the same messy and difficult path than other strategic
decisions” [28]. Thouin et al. indicate that rationally bounded people face out-
sourcing decisions in highly complex, uncertain environments and that they may
not therefore make optimal decisions [215].

2.3.4 Decision-makers and Stakeholders

Table 2.3 shows the type of IT decision-makers in the 72 primary studies. In
more than half of the studies the decision-maker remained unknown. It was
either not mentioned or different people were involved. When the business was
involved in decision-making it was often a group of IT and business people who
make the decision, e.g., an IT steering committee or investment review board.
When IT was mentioned as the decision-maker it was often one person, e.g., the
CIO. We compared these outcomes with the six archetypes from Weill and Ross
(business monarchy, IT monarchy, feudal, federal, duopoly and anarchy) [227]. In
the case where we identified just one IT person as decision-maker, this is clearly
an IT monarchy. Where an IT and business group decides, it is less clear what
archetype it is. That can either be a business monarchy, federal or duopoly.

Table 2.3: Number of studies per decision-maker type

Who decides Number of studies Percentage of studies

IT group 6 8%
Business group 2 3%
IT and business group 12 17%
One IT person (e.g. CIO) 9 13%
One business person (e.g. CEO) 1 1%
One IT and one business person 0 0%
Different, various 16 22%
Not mentioned 26 36%

Subtotal 72 100%

Our third research question is difficult to answer based on the results of the
primary studies. Most studies are not precise in explaining who is involved in
decision-making. What became clear is that people from IT are almost always
involved as an IT decision-maker and that people from the business side rarely
decide on their own.

2.3.5 Involvement of EA

For each of the 72 studies we examined whether the EA function was involved in
decision-making or not. A total of 16 studies demonstrated the involvement of an
EA function either because an architecture artifact or an architect was mentioned.
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In the other 56 studies architecture artifacts nor architects were mentioned. This
is not to say that EA was not involved.

It is interesting to see in what categories of decisions EA played a role. Table
2.4 is based on Table 2.2 and has an additional column that shows the studies
where EA was involved. EA is relatively more involved when decision-making
concerns all five decisions (6 of 13 studies) and, logically, in case of IT architecture
decisions (4 of 7 studies). The EA function has relatively little involvement when
IT investment and prioritization decisions are made (only 4 of 44 studies).

Coming back to our fourth research question we conclude that overall, the
involvement of EA in IT decision-making is low, in particular in the most men-
tioned category of decisions: IT investment and prioritization.

Table 2.4: Number of studies in which EA was involved

No. Category of decision Number of studies EA involved

1 IT principles decisions 2 0
2 IT architecture decisions 7 4
3 IT infrastructure decisions 1 1
4 Business application needs 0 0
5 IT investment and prioritization decisions 44 4
6 All (all 5 decisions taken together) 13 6
7 Combination (decision 5 with 3 and decision 5

with 1 and 2)
2 1

8 Not specified explicitly 3 0

Subtotal 72 16

2.3.6 Quality of the Results

We aimed at case studies and studies based on empirical research. Of these
studies, 77 percent contained at least one case study and 90 percent of the studies
were based on empirical research. We therefore conclude that the quality of the
studies is high.

2.4 Discussion

2.4.1 Impacts on Research and Practice

This systematic literature review has a number of implications for research and
practice.
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Enterprise architects should follow the money

Weill and Ross identified five categories of IT decisions [227]. These are the cat-
egories for which an organization must make decisions. We found that the vast
majority of studies are about IT investment and prioritization decisions. The
most likely reason for this is money. Where the other four categories of decisions
deal with content (strategy, architecture, applications and infrastructure), IT in-
vestment and prioritization decisions are primarily about money. Apparently,
decisions about money attract more attention than decisions about content. An-
other explanation could be that a decision about content does not stand on its
own. Such a decision only becomes meaningful when the factor money is taken
into account. What does this mean for enterprise architects? Enterprise archi-
tects are used to focusing on content. They create a high level design of the future
state of an enterprise in terms of principles and models. But what is the impact of
these principles and models on investment levels and priorities in project portfo-
lios? Most enterprise architecture deliverables we have seen only contain content
and are not connected with money. It is unsurprising that these deliverables do
not attract the attention of senior management. These deliverables have a high
‘so-what’ level: the producers of such deliverables may be happy with what they
created, but the consumers do not understand what they can do with it. From our
personal experience as enterprise architects, we know of an insurance company
where the EA function extended their application models with financial figures
like yearly maintenance and operations costs of applications. Once they did that,
they gained much greater attention from senior management. This is in line with
Lindström et al. who suggest adding cost information to existing entities, such
as systems [125]. When enterprise architects want to increase their influence and
want to improve IT decision-making, they have to follow the money. They need
to include investment planning and prioritization in their thinking which may
lead to better IT decisions.

Enterprise architects should focus not on being right, but on getting
their way

What follows from our research is that IT decision-making is not a pure rational
approach where well-informed decisions are made. On the contrary, IT decision-
makers also follow a bounded rational approach [28]. Particularly the group
factors and personal factors make IT decision-making less rational and subject to
group dynamics and personal interests. This has an impact on the EA function.
Enterprise architects are analytical thinkers who want to support and convince
decision-makers on the basis of information they have available. This information
is derived from the principles and models they develop of the future state of the
enterprise. Is this enough to become a trusted advisor of senior management in
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decision-making? Most likely not. Decision-making is more than gathering and
interpreting information. It is also a complex interplay of people with diverse and
conflicting interests and unequal power [28]. This makes decision-making a social
process where enterprise architects needs social and personal skills to play their
role properly. And this is exactly where a lot of enterprise architects struggle
according to our experience. Janssen argues that there is a need for a more rela-
tional view of EA [90]. However, there are exceptions as we know from our per-
sonal experience. An enterprise architect at a pension fund managed to increase
his influence on IT decision-making over the years by combining his knowledge
of the companies’ future business and IT landscape with his communication and
negotiating skills. He played an important role in the achievement of the busi-
ness objectives of the pension fund: a more flexible business and IT operation at
much lower costs. When enterprise architects want to improve decision-making
they have to realize that they are part of a complex interplay of different actors.
This is in line with Gøtze who argues that the enterprise architect “needs to start
working with other enterprise disciplines” [71]. Kruchten states that architects
should have an equal internal and external focus and thus should spend about 50
percent of their time on interacting with other stakeholders [114]. And finally,
to become an equal player, enterprise architects have to learn appropriate skills,
both dialectic and dialogic; dialectic skills like the ability to resolve conflicts,
create consensus, synthesis, and common understanding; dialogic skills like the
ability to interact with people who are different, antagonistic or even aggressive,
to listen well, and to behave tactfully [71]. In the end, it is not a matter of en-
terprise architects being right, but a matter of them getting their way by getting
others to acknowledge they are right.

Enterprise architects should realize that influencing decision-making
is contextual

The different variables associated with IT-related problems as well as the dif-
ferent factors associated with the IT decision-making process, make every IT
decision-making approach unique. This is different from what we would expect,
namely an approach where decisions are made following a well-defined and re-
peatable process. Since IT decisions are contingent to different variables and
factors, enterprise architects have to realize that they need different approaches
to influence IT decision-making. Where certain methodologies like TOGAF may
suggest that a well-defined and repeatable approach will automatically lead to
success, our study suggests that the approach depends on the context and thus
should be adapted to that specific context [85]. Buckl et al. confirm that EA
is situational [36]. This is also the case for organizational design approaches in
management consulting [221].

32



Enterprise Architects Should Follow the Money

Need for better understanding of what determines successful involve-
ment of EA in IT decision-making

Our study reveals that the involvement of the EA function in IT decision-making
is low, especially in IT investment and prioritization decisions. Although this
is not a complete surprise, it is disappointing. EA as a discipline has existed
for about 25 years, has a lot of intrinsic potential, but is barely involved when
it really matters. Fortunately there are some organizations that benefit from
having an EA function. The previously mentioned pension fund is very happy
with their EA function that is acknowledged as providing accurate guidance at
the time of decision-making. What is it that differentiates this organization from
those organizations where they struggle to reap the benefits from EA? Why is it
that in some organizations enterprise architects are really involved in IT decision-
making and in others they are not? Is it because of the skills and behaviors of
the enterprise architects or is it because they have the ability to connect content
with money? Although we are aware of the growing amount of research on orga-
nizational culture and EA, more research is needed to get a better understanding
of what determines successful involvement of EA in IT decision-making and what
not [144, 3].

Need for better understanding of IT decision-making

Our broad search for studies on how IT decision-making takes place, resulted in 72
primary studies. That low number surprised us. On the other hand we found a lot
of candidate papers explaining how to design IT governance in an organization. It
is noteworthy that so much attention is paid to the design of IT governance, while
so little is reported on the process that needs to be governed. More empirical
research is needed to get a better understanding of how IT decisions are made.

2.4.2 Study Limitations and Threats to Validity

This study was conducted following the methodology from Kitchenham and Char-
ters [101] and included 72 primary studies found in peer-reviewed venues through
15 September 2013. We did not include any grey literature (web logs, white pa-
pers) nor did we include backward and forward references from the 72 primary
studies.

The most important threats to the validity of this study are bias in the se-
lection of studies to include and exclude, bias of the field(s) studying decision-
making, and bias in data extraction.

Selection bias was controlled by developing a research protocol. This protocol
was based on the research questions and includes a search process, inclusion/ex-
clusion criteria, and selection procedures. The research protocol was developed
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by the first author and reviewed by the second author. The second author guided
the correct formulation of the research questions and made sure that the search
process, inclusion/exclusion criteria and procedures were properly derived from
the research questions. The inclusion and exclusion criteria were refined after
a first and second pilot. After reading all 109 selected studies another 37 were
excluded. The first author is an experienced enterprise architect. The second
author is an academic experienced in conducting systematic literature reviews.

Bias in the field(s) studying decision-making is about researchers who for
example prefer to study IT investment and prioritization decisions as opposed to
e.g. IT infrastructure decisions. We realize that this might be the case in our
study, although we have no evidence.

Bias in data extraction was controlled by the use of classifications as stated in
Section 2.2.3. These classifications were agreed beforehand between the authors
and part of the review protocol. The classifications were tested in the first and sec-
ond pilot. Data extraction was performed independently by the two researchers
using the same spreadsheet form. Results were compared, and disagreements
were discussed and resolved.

2.5 Conclusion

This study started with the aim of better exploiting the potential of EA. One of
the areas where we see this potential is IT decision-making. Since IT decision-
making is an area of improvement for enterprise architects, we conducted a sys-
tematic literature review in order to better understand this area. The outcome
of this study has several implications for EA researchers and practitioners.

We found only 72 studies that actually went into how decision-making takes
place. Many of the 912 candidate studies were meta studies, introducing frame-
works for IT governance or dealing with the design of IT governance. We wonder
how you can design for IT governance if you do not know what needs to be gov-
erned and how decisions are made. Further research is required to gain a better
understanding of IT decision-making.

Overall, our study indicates that the involvement of EA in IT decision-making
is low. However we know of examples of EA functions that succeeded in exert-
ing more influence on IT decision-making. Further research is needed to gain a
better understanding of what these EA functions differentiate from others. Our
study indicates that in making an IT decision both rational and bounded ra-
tional approaches are followed. Enterprise architects have to learn to cope with
this. They have to realize that they are part of a process in which humans with
different preferences and interests participate. It is not the knowledge of an EA
practitioner that counts, but the way they combines this knowledge with the
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right personal skills to influence IT decision-makers. It not about being right,
but about getting their way by ensuring others acknowledge that they are right.

We also found that IT decision-making is subject to many variables and fac-
tors. These variables and factors make every IT decision-making process some-
what unique and contextual. This is something EA practitioners should be aware
of. They should not blindly follow methodologies.

Finally, we found that IT investment and prioritization is by far the largest
category of IT decisions. However this category has very little involvement of the
EA function. As an important implication of this study, we suggest enterprise
architects follow the money. Although enterprise architects are primarily con-
cerned with content, we suggest that combining content with money will increase
their influence on IT decision-making which may ultimately lead to better IT
decisions.
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3
The Decision-making Context Influences

the Role of the Enterprise Architect

Enterprise architecture (EA) offers ways to steer and guide the design and evo-
lution of the enterprise, including its information technology (IT). One of the
objectives of EA is to support IT decision-making. This study aims to provide
EA researchers and practitioners with insight into the factors that influence the
role of EA in IT decision-making. For this purpose, we conducted a multiple case
study at three different organizations in which we analyzed how EA influences IT
decisions regarding specific issues. EA’s support was found to deliver a valuable
contribution in all three cases, which however varied considerably from case to
case. We have identified four different factors that determine the role of EA in
IT decision-making processes: the formalization of the decision-making process,
the mindset of decision-makers, the magnitude of impact and the time pressure of
the issue. These factors determine how the enterprise architect will be involved
in IT decision-making, the type of deliverables and the breadth and depth of the
architecture analysis.

3.1 Introduction

Enterprise architecture (EA) is a mechanism to support IT decision-making [154].
EA is intended to provide guidance at moments of decision-making [91, 90]. Var-
ious literature reviews indicate that EA leads to better decisions [212, 29]. Em-
pirical evidence of how and what EA contributes to better decision-making is still
lacking, however. We therefore wanted to explore how organizations perceive the
contribution and value of EA in different IT decision-making situations. The aim
of this study is to empirically examine the factors that determine the successful
influence of EA on IT decisions. Our main research question is therefore: What
factors determine the successful influence of EA on IT decisions?
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We conducted a multiple case study in which we examined the contribution
of EA to IT decisions regarding specific issues. Three different organizations
with a multi-year EA practice participated in our study, each providing a case in
which they were satisfied about the role of EA in supporting decisions to resolve
a particular issue. Although EA’s role was in all cases perceived as successful,
we found that it varied considerably from case to case. The role of the enter-
prise architect depends on the decision-making context. We have identified four
different context factors that determine the role of the enterprise architect in IT
decision-making processes. The formalization of the IT decision-making process
influences the involvement of the enterprise architect in IT decision-making. The
mindset of decision-makers determines the type of deliverables expected from the
enterprise architect. The magnitude of impact of an issue and the time pres-
sure involved also have an impact on the breadth and depth of the architecture
analysis.

This study is important for a number of reasons. Firstly, it provides insights
in different IT decision-making situations. These insights may enable organiza-
tions to make better IT decisions. Secondly, it provides EA practitioners and
researchers with empirical insight into how to improve their supporting role in
IT decision-making processes.

This chapter is structured as follows: in Section 3.2 we discuss related work
that we used in this multiple case study. The research method is explained in
Section 3.3. In Section 3.4 we present the results. In Section 3.5 we discuss
results and limitations. Section 3.6 summarizes the conclusion.

3.2 Related Work

The topic of decision-making has garnered considerable interest in research. March
and Simon suggested that “managing organizations and decision-making are vir-
tually synonymous. The dynamics of organizing require a deep understanding of
decision-making” [129]. Mintzberg et al. considered decision-making as a pro-
cess. They argue that a decision process is “a set of actions and dynamic factors
that begins with the identification of a stimulus for action and ends with the
specific commitment to action” [137]. However, decision-making includes more
than a process. Papadakis et al. created an integrative framework in which
they make a distinction between the context, process and outcomes of decision-
making [157]. Tamm et al. developed a model of factors influencing strategic IT
decision-making [210]. In this model they make a distinction between the factors
affecting strategic IT decision-making, the nature of the strategic IT decision-
making process, the strategic IT decision itself, and the organizational outcomes
of the decision. Among the factors they identified are organizational character-
istics, decision-maker characteristics and decision-matter characteristics. These
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factors influence both the decision-making process as well as the IT decision itself,
and, as we will argue, the role of the enterprise architect.

In this study we assume that a decision does not stand on its own but is
interconnected with other decisions over time. Langley et al. argue that an
organization can be studied as a system of decisions [118]. According to Langley
et al. most decisions arise in a context in which a given decision is related in
some ways to preceding, concurrent and/or successive decisions. She introduced
the concept of “issue streams”. Issue streams require different decisions over
time. We follow Dutton et al. in their definition of an issue as “a development
or trend that emerges from an organization’s internal or external environment;
that is perceived to have the potential to affect an organization’s performance”
[56]. We will take issues as the unit of analysis for our study. An issue requires
several decisions over time to resolve it.

The outcome of a decision is another element of our study since one of the
objectives of EA is to contribute to better decisions. Different perspectives exist
on the quality or successfulness of a decision. One such perspective is that if a
decision is adopted, it may be said to be successful. However, we regard this as
too simple [135]. Adoption does not necessarily lead to successful outcomes. Ac-
cording to Miller, successful decisions were found “to be more on time, have lived
up to intentions more than others, and (be) more satisfactory to those concerned”
[135]. We also found these quality dimensions in the definition provided by Het-
ebrij, who argues that the quality of a decision depends on two factors: decision
power and content quality [79]. A decision has decision power if it is made on a
timely basis and if it is actually implemented. A decision has content quality if
it is based on relevant knowledge and if the concerns of the stakeholders involved
are carefully considered. We will use Hetebrij’s definition in the remainder of this
Chapter.

3.3 Research Approach

3.3.1 Research Method

Our goal is to identify the factors that determine the successful influence of EA
on IT decisions and build a theory about how EA can contribute to improving
IT decision-making. We selected the multiple-case design to achieve this. The
case study approach is suitable to understand complex social phenomena [235].
Multiple-case designs are desirable when the intent of the research is description,
theory building, or theory testing [13]. By using cases from different organizations
we were able to compare results between organizations and find similarities and
differences. IT decision-making is influenced by many factors [210, 191], which
is why we chose different types of organizations, such as profit and not-for-profit
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organizations. We started this multiple-case study by formulating a protocol
that specified the initial study design. We used cross-case analysis to compare
the three cases and to generate propositions [235].

3.3.2 Case Study Organizations

The first case study organization is a municipality of approximately 500,000 res-
idents. The second organization is a government agency that has an important
role in Dutch society and in representing the Netherlands in international fora.
The third organization is a commercial infrastructural organization with revenue
of EUR 1,5 billion in 2014. All organizations have a permanent EA function.
Some architects in each of the organizations have more than 10 years’ experi-
ence. Table 3.1 lists the characteristics of the case study organizations.

Table 3.1: Characteristics case study organizations

Municipality Government
Agency

Commercial
Organization

# of Employees 7500 1800 2100

# of IT Em-
ployees

270 200 250

IT Budget in
million Euros
per Year

65 50 70

EA Function Distributed
over Business
units, Corpo-
rate Center,
and IT Depart-
ment

Nested in IT
Department

Nested in IT
Department

# of Architects 18 6 7

Year EA was
introduced

2008 2008 2011

3.3.3 Case Study Subject

We have taken issues as the unit of analysis for our study. We looked at three
issues in three different organizations as shown in Figure 3.1. An issue requires
IT decisions to resolve it. For each of the issues we studied how EA influences
these IT decisions. We asked the organizations to select an issue where EA
had a positive impact on decision-making. The Portal and Collaboration (P&C)
issue originates from 2011 when the municipality realized that they wanted to
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improve integration and collaboration across different business units. To resolve
this issue a first project was started to implement an intranet portal for the entire
municipality. Digital collaboration was the second project. Both the intranet
and collaboration project make use of the same technology. The total amount of
investment was approximately EUR 1 million, equally divided over the intranet
and collaboration projects. The Digital Workplace (DW) issue emerged in 2012
when the need for an improved digital workplace and an upgrade of the datacenter
was felt in the government agency. The estimated investment for the DW was
EUR 10 million. The Enterprise App Store (EAS) issue originates from 2013.
The EAS was supposed to lay a solid foundation for the deployment of mobile
apps. An amount of EUR 435,000 was allocated to establish an EAS.

Multiple Organizations

Government 
agency

Digital
Workplace

Commercial
organization

Enterprise
App Store

Portal and
Collaboration

Municipality

Figure 3.1: Case study organizations and issues

3.3.4 Data Collection

We collected data from different sources: documents, interviews, and a focus
group study. We asked the organizations to supply relevant documents pertaining
to the preparation of the decisions, the decisions itself, and its follow-up. We
received 31 documents from the P&C case, 14 from the DW case, and 3 from
the EAS case. The documents supplied included business cases, project plans,
EA studies and reports, minutes of meetings, decision logs, status reports, and
evaluation reports. As a second source of evidence we collected data by means
of semi-structured interviews. The interviews were structured on the basis of
the following themes: the decisions, the context of the decisions, the quality
of the decisions, and the role and contribution of EA. We were interested in
different perspectives on the role and contribution of EA. We therefore wanted
to interview the Chair of the board or committee that made the decisions, the
sponsor of the issue that required the decisions, the manager of the corresponding
project or program, and the architect involved. Table 3.2 gives an overview of
the interviewees per issue. The interviews were conducted during 2015 and were
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recorded and transcribed. The third source was a focus group study in which the
lead architects of the three organizations participated together with an external
consultant hired by one of the case study organizations. On average, the focus
group members all had more than twelve years’ experience in the field of EA.
A meeting was held in March 2016, in which the members of the focus group
provided feedback on the propositions and gave additional comments on our
research. The meeting was recorded and transcribed.

Table 3.2: Interviewees per issue

P&C DW EAS

Chair of the
board

Chair of do-
main board

Chair of corpo-
rate IT gover-
nance board

Sponsor CIO IT infrastruc-
ture manager

IT manager

Manager Project man-
ager

Project man-
ager

Project man-
ager

Architect Architect Architect (3x) Architect

3.3.5 Data Analysis

Data analysis was conducted in parallel with data collection. Before we started
the interviews, we studied the documents supplied by the organizations. Based
on these, we reconstructed the decisions per issue. We used field notes to record
our findings. We decided to create an ex-ante list of interrelated decisions based
on the documents we studied. We used this list in each of the interviews to ask
the interviewees whether they recognized the decisions. After the interviews we
created a new list of decisions based on the information provided in the interviews,
the ex-post list. The interviews were analyzed using template analysis [100]. We
created a first set of codes based on the themes we used in the interviews. Our
initial list of codes contained six main categories and twelve subcategories. As
a second step we tested these categories on three transcripts; one transcript for
each of the three issues that we studied. We adapted the codes based on the
findings of the test. Table 3.3 contains the final list of codes that we used.

For the next step we coded all transcripts by assigning the code to the cor-
responding pieces of text of the interview. The specific clause in the transcript
was underlined. Finally, we copied the clauses and grouped them by issue and
by code. The result was a list with relevant pieces of text for each issue and code
that we used for further analysis.

42



The Decision-making Context Influences the Role of the Enterprise Architect

Table 3.3: List of codes used to analyze interviews

Main categories Subcategories

Decisions

Context

Quality of the decisions Decision power, Content quality

Role of EA Involved architects (who), De-
liverables created by architects
(what), Way of involvement of
architects (how)

Contribution of EA to the deci-
sions

Perceived contribution, Expected
contribution

3.4 Results

In this Section we will present the results of the multiple case study per issue.

3.4.1 Portal & Collaboration

The interviewees of the municipality did not really recognize the ex-ante list of
decisions that we had created based on the documents. The interviews revealed
that the actual decisions that were made could not be traced back to the docu-
ments. There was a considerable difference between the ex-ante and ex-post list
of decisions. The ex-ante list contained the following decisions: allocation of bud-
get for a single overarching intranet, agreement on project-start architecture for
the intranet, agreement on merging the steering committee of the single overarch-
ing intranet program with the steering committee of document management into
one domain board, postpone the approval of the proposal for the collaboration
program (as some essential parts were missing), approval of the proposal for the
collaboration program, approval of the adoption plan for digital collaboration,
approval of the collaboration program, and finally, the governance proposal is
commented. The ex-post list contained the following decisions: approval to start
the intranet program, choice for one single intranet, choice for a product suite
from one single vendor, choice for an integrated platform, choice for product A
as the integrated platform, choice to implement product A for intranet purposes,
approval to reduce the scope of the intranet program, choice to implement prod-
uct A ‘off-the-shelf’ and not customize it, choice to prepare for cloud computing,
approval to start the collaboration program, choice to implement product A for
collaboration purposes, and finally, the choice not to implement product A for
document management purposes (at least for the time being). The interviewees
had the following possible explanations for the differences between the ex-ante
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and ex-post list: ‘You must have missed a few documents ’, ‘We do not create
decision logs ’, and ‘People have different views of what exactly has been decided ’.

IT decisions in this particular case were not made in a formal way. Some
decisions were implicit or had already been made before they were discussed in
the formal decision-making body, in this case a domain board: ‘Usually the CIO
office launches initiatives. Afterwards the domain board is asked for approval.
You can imagine that the members of the board wonder to what extent they can
steer matters, as they are often faced with a fait accompli ’. The decision-making
context in the municipality is to a large extent determined by politics. Decisions
can only be made when the business units and corporate center agree. This
implies that compromises have to be sought. One of the interviewees said: ‘The
most important role of the domain board is to achieve consensus and support
among the stakeholders’.

The interviewees had different opinions about the quality of decisions with
regard to the P&C program. The sponsor found that ‘The decision (to have one
single intranet) should have been made four years ago’, and ‘The decision (to
have one single intranet) has absolutely been executed ’. The architect was of the
opinion ‘That the decision (to have an integrated platform) should have been made
earlier as a more strategic decision’, and ‘The decision (to have an integrated
platform) is not yet fully completed ’. They also expressed different opinions
regarding the content quality of decisions: ‘We collected a lot of information
from different parties’, ‘Both management and employees of corporate staff and
business units were involved ’, ‘Only the information of a small group is used in
decision-making ’, and ‘It is questionable whether all concerns were considered,
sometimes we thought on behalf of the business ’.

The role of EA in the P&C program was quite diverse. Four different ar-
chitects were involved at different times. Initially, a business architect was in-
volved who created diagrams for the single intranet program. In a later phase,
an enterprise architect of the corporate center joined the program as well as an
IT architect of the IT department. At the start of the collaboration program,
an external project architect was hired. Finally, an architecture working group
comprising all architects of the municipality played a role. They created a refer-
ence architecture for document management that was used in the collaboration
program. According to the interviewees the different architects created different
deliverables like ‘Diagrams’, ‘Standards’, ‘Principles’, ‘Project-start architecture’,
‘Reference architecture’, ‘Governance plan’, and ‘Advice’. The way the architects
were involved in decision-making also varied. The architect we interviewed told
us that his role was to ‘Create a strategy to support collaboration for which a
solution should then be found ’. The architect proceeded as follows: ‘Influence
key players’, ‘Keep up with developments ’, and ‘Ensure that projects comply with
standards and policies’. The role of EA in the P&C program was an advisory

44



The Decision-making Context Influences the Role of the Enterprise Architect

one: ‘Provide advice on behalf of the architecture working group and ensure that
it is taken seriously ’, ‘Propose a project-start architecture, offering options and
advice’, and ‘Provide advice to the project team’.

The contribution of EA was perceived as valuable: ‘They pointed to the link-
ages and dependencies between projects ’, ‘They created principles on which we
can fall back ’, ‘They showed us opportunities’, ‘They considered intranet, content
management system, and digital collaboration as one field of play ’, and ‘They
focused on standardization’. When asked what would have happened if no ar-
chitects had been involved in the P&C program, the interviewees answered: ‘We
would have ended up with an as-is solution, a solution with a limited scope’, ‘We
would have had a solution that is not secure, not user-friendly, not integrated, and
not standardized ’, and ‘We would have lost consistency and encountered problems
in a later phase’.

This specific case demonstrates that in a situation where decision-making is
not so formalized and rather driven by politics, the EA function delivered different
pieces of content at different moments in time in the course of the program. In
this way different decisions were successfully supported.

3.4.2 Digital Workplace

The decision to approve the business principles of the DW by the corporate IT
governance board was the major decision to resolve the DW issue and was in-
cluded in the ex-ante list. The business principles were part of a future-state
architecture (FSA) for a new DW. Based on the interviews we created an ex-post
list containing the following decisions: choice to start an architecture project in
advance of the DW program, choice to focus the FSA on the users of the DW
instead of the device, choice to create the FSA based on the IEEE 1471-2000
viewpoint concept, choice for compartmentalization for access control reasons,
choice for eight possible user access profiles on the desktop, choice to approve
the FSA, and finally, the choice not to search for alternative solutions. The FSA
was a comprehensive high-level design of the future state of the DW. Most of the
decisions on the ex-post list were made in the context of the FSA. The business
principles were written in a way that also enabled non-IT experts to understand
the essence of the DW. This allowed the members of the corporate IT gover-
nance board to understand the content about which they had to decide. It was
remarked: ‘Architecture is a very good means to communicate’ and ‘Everybody
in the corporate IT governance board agreed with the eight possible user access
profiles’. The chair of the corporate IT governance board took the decision very
seriously; ‘As one of the executive board members I have read part one of the FSA
because I wanted to show that this topic is important for us’.

IT decisions in this organization are made in portfolio boards and steering
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committees. The DW business principles were first approved in the DW steering
committee before they were approved in the corporate IT governance board. The
corporate IT governance board was asked to agree with the business principles
by means of a cover note. The minutes to the board meeting indicated that the
business principles were indeed approved. IT decision-making in this organization
is highly formalized. Decisions are well prepared. In this particular case an FSA
was created before the decision was made to start the DW program.

Regarding the quality of the decision to approve the business principles, there
was a broad consensus among the interviewees that the decision was made in time.
At the time of our research the DW was not yet fully implemented. There were
doubts about whether the original ideas could be completed. The sponsor and
one of the architects were confident that the original ideas would be implemented.
Another architect doubted whether the concept of the user access profiles would
be feasible. The content quality was judged to be extremely high. There was a
broad involvement of different groups of stakeholders. All relevant information
was available, and all concerns were considered carefully. According to one of the
architects, ‘This was an example of a very good project ’. The project manager
agreed: ‘Better than this would be hard to achieve’.

The core team that created the FSA consisted of two enterprise architects,
three technical specialists and a project manager. The team created an FSA of
more than 100 pages that consisted of three main parts. The first part comprised
the business principles and the user view. The second part addressed the de-
vice, network, and security view as well as the target operating model of the IT
department. Part three comprised the impact analysis. The interviewees all un-
derstood that the business principles and the matrix with the user access profiles
were at the core of the FSA. The decision to approve the business principles was
one of the outcomes of an architecture project that took eight months. During
this period different workshops and roadshows were held with different groups
of stakeholders. There was a steering committee for the architecture project, a
sounding board, and an extended team in addition to the core team. The fol-
lowing remarks were made with regard to the creation of the FSA: ‘There was
out-of-the-box thinking ’, and ‘It was a creative process’. The FSA itself required
some iterations during which the quality of the text was improved. The view-
points concept was introduced in a later phase after one of the first drafts was
found to contain too much jargon. The sponsor ultimately appreciated the FSA
as a ‘Means to communicate in the mindset of decision-makers’.

The interviewees appreciated the contribution of EA: ‘They achieved a very
good means to communicate’, ‘They offered overview to decision-makers’, and
‘They wrote the content in a consistent and comprehensible way ’. The involve-
ment of EA and the creation of the FSA in advance of the DW program prevented
quick fixes. It was remarked that without EA involvement ‘There would have been
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no DW program’, ‘We would have been confronted with problems that we did not
see coming ’, and ‘We would have jumped from incident to incident, doing rather
individual projects ’.

In summary, in this formalized context where decisions are well prepared, the
EA function conducted a comprehensive architecture study and provided a solid
foundation for the DW program. The architecture deliverables were appreciated
by decision-makers who were able to understand the essence of the DW and made
the decision to start the program.

3.4.3 Enterprise App Store

The investment committee of this commercial organization approved a EUR
435,000 investment to establish an EAS including the extension of the mobile
infrastructure. This was the major decision to resolve the EAS issue. The ex-
ante list of decisions corresponded substantially with the ex-post list. Basically
three decisions were made: the choice to invest in an EAS, the choice for a par-
ticular EAS solution, and the approval of the investment. The decisions were
initiated and prepared by a team of architects. First they convinced the sponsor,
then the ICT management team, and finally the investment committee approved
the investment.

Decision-making in this particular case was rather straightforward. Some ar-
chitects put forward an idea that was adopted by the sponsor. Once the idea
was approved by the ICT management team, a project plan was written. This
served as an investment proposal, which was then approved by the investment
committee. All investments must be approved by this committee, consisting of all
executive board members and the management level one tier below it. The deci-
sion of the investment committee was recorded in the minutes. Decision-making
is formalized and based on a balanced consideration of possible improvements
to the quality of services and the cost involved. According to the sponsor: ‘We
always decide on the basis of quality, but we do look at the costs’.

The interviewees held different views on the quality of the decision to approve
the EAS investment. According to the sponsor: ‘The decision should have been
made much earlier ’. At the time of the interviews the EAS was not yet completed.
Some problems in the complex infrastructure had delayed the delivery of the
solution. These problems could have been avoided if the architecture analysis
had been more in-depth: ‘We did not consider the network when we made the
decision’. The interviewees were satisfied with the involvement of stakeholders:
‘Anyone who had an opinion was involved ’.

The architecture team that prepared the decisions consisted of three enter-
prise architects. They ‘Studied certain mobile technologies thoroughly and made
the translation of how to apply these technologies in the organization’. They cre-
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ated a PowerPoint document that they discussed with stakeholders and adjusted
when necessary: ‘We informed the sponsor regularly and we continuously involved
the ICT management team in our decision-making ’. In the end, the architects
delivered a PowerPoint document of 10 pages containing background information,
the rationale for the EAS, the business demands, benefits and risks, a roadmap,
a product comparison, an advice for the short term and long term, and finally a
pricing comparison. The document was presented to the ICT management team
which subsequently approved it. As a next step, the project manager created
a project plan. The goal of this plan was to ask the investment committee’s
approval of the EUR 435,000 budget. The PowerPoint document created by
the architects more resembled a policy document than an architecture document
with different layers. The architect admitted: ‘We did not elaborate formal ar-
chitecture models. We created an inventory of all mobile business initiatives and
analyzed the consequences of all these initiatives for the generic infrastructure’.

All interviewees perceived the contribution of EA as valuable. The architects
took the initiative for the EAS and created a basis for what was missing: a
mobile strategy and policy. The perception of the architects was: ‘They think
conceptually and look at the whole’, ‘They have an independent mindset and bring
objectivity ’, and ‘They create long-term views’. Without EA involvement ‘We
would have had a bottom-up approach, with a proliferation of solutions in the
business’. EA ‘prevented quick fixes ’.

To summarize, this case shows that in a more formalized decision-making
process, driven by a commercial mindset, the EA function successfully convinced
management to invest in an EAS. A concise document formed the basis for dis-
cussion and decision-making.

3.5 Discussion

3.5.1 Implications for Enterprise Architecture

The three case studies show similarities and differences. What the cases have in
common is the appreciation for the role of EA in IT decision-making. The cases
demonstrate that EA stands for consistency, a certain level of abstraction, and
a long-term view. Without EA, a bottom-up approach with quick fixes would
have been the result. Generally, the three organizations were satisfied with the
IT decisions that we studied and the role of EA in these decisions.

The main difference between the three cases is how the EA discipline con-
tributed to the IT decisions. In the DW case a comprehensive architecture study
of eight months resulted in a highly elaborate design of over 100 pages. The pro-
gram to establish the DW was only started after the design had been approved.
In the P&C case a program was started to establish a single intranet, and in a
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later phase, digital collaboration. Different architects delivered different pieces
of content at different moments in time in the course of the program. In the
EAS case, the architects were the initiator of the project. They created a concise
PowerPoint document with a roadmap and a recommendation for both the short
and long term. However, it was not an in-depth architecture study using formal
architecture models. We argue that these different methods of support from EA
have a relationship with the decision-making context of the three cases. Figure
3.2 illustrates these relationships that we deduced from the three cases. We will
discuss these relationships individually.
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Figure 3.2: Relationships between decision-making context and role of EA

A formalized decision-making process can be characterized by formal and
standardized processes and procedures [191, 134]. Decision-making in the EAS
case is rather formalized. The ex-ante and ex-post lists of decisions were vir-
tually the same. The architects were involved from the outset. They initiated
the project and provided advice. After the ICT management team adopted the
advice it was included in a project plan for which formal approval was asked from
the investment committee. The involvement of the architects was clear: provide
advice for setting up an EAS. The DW case is another example of a rather formal-
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ized way of decision-making. In this particular case architects were also involved
from the beginning. They were asked to create an FSA for the DW. The in-
volvement of the architects was clear: deliver an FSA. The DW program started
with the corporate IT governance board’s approval of the DW business princi-
ples. The P&C case is different. Decision-making is not so formalized compared
with the other two cases. The ex-ante and ex-post list of decisions differed to
a large extent. Different decisions were made by different people. Consequently
the role of the architects was rather unclear. They could not rely on a standard
way of involvement with standard deliverables. They had to adapt themselves to
the process they were part of. We argue that the formalization of the decision-
making process impacts the involvement of EA. Decision-making processes differ
from organization to organization and even from decision to decision [157]. This
requires the EA discipline to constantly reconsider its manner of involvement.
However, the more formalized a decision-making process, the more an enterprise
architect can rely on a standard way of involvement with standard deliverables
[18]. We therefore posit:

P1: A more formalized decision-making process results in a more formalized
involvement of the enterprise architect.

The mindset of decision-makers is the second context variable that impacts the
role of EA. Mindset is the underlying mental model held by decision-makers that
determines the way that managers frame the situation, evaluate the alternatives,
and select a behavior [214, 124]. We argue that the mindset of decision-makers
influences the architecture deliverables they expect from EA. The mindset of
decision-makers in the DW case is rather analytical, not to say intellectual. The
corporate IT governance board consists of division directors with an academic
background, some of them holding a PhD. They attach importance to a thorough
analysis, such as the FSA, and require deliverables with a certain rationality and
logic [70]. In the P&C case the dominant mindset is rather political. A political
mindset entails that alternatives are evaluated in terms of gains and risks in light
of personal needs [124]. Members of the domain board of the municipality are
not so much interested in the architect’s analysis but rather in deliverables to
evaluate alternatives and achieve consensus, such as a diagram shown at a meet-
ing or a set of principles. In the EAS case the organization is more commercially
driven. The mindset of decision-makers is rather commercial. They are inter-
ested in getting the job done [190]. They prefer actionable deliverables such as
short and long-term scenarios and roadmaps over a thorough analysis [37]. This
leads to the following proposition:

P2: The mindset of decision-makers determines the type of architecture de-
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liverables.

Magnitude of impact and time pressure are decision-matter characteristics
[191]. The magnitude of impact of an issue refers to the impact of an issue on
various parts of the organization [147]. The reach and range of an issue are good
indicators to assess impact. Reach refers to “the location and people the infras-
tructure is capable of connecting” and range refers to “functionality in terms
of the business activities that can be completed and shared automatically and
seamlessly across each level of reach” [226]. The DW case is an example of an
infrastructure issue with a considerable magnitude of impact. It impacts the
organization as a whole as well as external people that want to connect to the
government agency. Since most business operations involve data processing, the
upgrade of the data center is of vital importance for this organization. Both reach
and range are considerable and justify a thorough architecture analysis. Such an
analysis can be used to mitigate the risks of the investment. The EAS on the
other hand is a new service. Its reach is potentially considerable but its range is
yet unknown. The magnitude of impact is lower compared to the DW case. A less
thorough architecture analysis would suffice in this case. The magnitude of im-
pact of an issue is among the strongest explanatory variables of decision-making
behavior, as decision-makers act more comprehensively and rationally when de-
cisions imply important consequences [147, 158]. A more thorough architecture
analysis contributes to more comprehensiveness and rationality. We thus propose:

P3: The greater the magnitude of impact of an issue, the more need there is
for a thorough architecture analysis.

Time pressure is another variable that influences architecture analysis [191].
Time pressure was most evident in the EAS case. Some of the interviewees re-
marked that the decision to invest in an EAS should have been taken earlier.
The architects did not make an in-depth analysis, but opted for an in-breadth
approach: they delivered different scenarios with possible solutions. In the DW
case on the other hand, time pressure was not an issue. Before the actual DW
program was started, an 8-month architecture project was executed that deliv-
ered an in-depth architecture analysis. However, no alternatives were explored.
Instead a target architecture was proposed and approved. These two cases are in
line with Eisenhardt who stated that “a breadth-not-depth decision-making strat-
egy is highly efficient in situations in which time pressure is high” [58]. Therefore
we propose:

P4: The greater the time pressure of an issue, the stronger the preference for
in-breadth architecture analysis over in-depth architecture analysis.
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The focus group commented that beyond this study more factors play a role
with regard to the successful influence of EA on IT decisions. Firstly, maturity
of the EA function is an important factor. It influences the potential success of
the EA discipline as well as the level of acceptance by the organization’s man-
agement. A certain level of maturity is required to be able to at least play a
role in decision-making [18]. Another aspect of architecture maturity is that a
more mature EA discipline will be able to act more efficiently and effectively
in the support of decision-making: ‘A more mature EA discipline has a body of
knowledge to act more quickly in decision-making ’. A second comment is that
an enterprise architect can influence the decision-making context: ‘An enterprise
architect with strong analytical skills, who can create strong proposals, who has a
strong personality, and has the competencies to act in different decision-making
contexts; such an enterprise architect will enforce consistency, despite differences.
A highly experienced and skilled architect will be less influenced by the context,
but instead influence the context himself ’. A third remark considers the nature
of the decision-making process itself. The EA discipline brings rationality in the
decision-making process. But other, more intuitive factors also play a role: ‘Ac-
cording to my experience in different organizations two factors always play a role
in big decisions: gut feeling and mutual trust. These are the factors that matter ’.

3.5.2 Study Limitations and Threats to Validity

The four propositions claim that there is a relationship between decision-making
context and the role of the EA discipline. This is in line with other researchers
who argue that a situational approach for EA is needed [154, 36]. We realize,
however, that a data collection base of three organizations is narrow. Our propo-
sitions are in line with decision-making theory that states that different factors
affect decision-making [210, 191]. However, decision-making theory recognizes
many other factors, like environmental and organizational context, that we did
not include in our research. This implicates that more relationships between
decision-making context and EA can exist. In this respect our research must
be regarded as a starting point to empirically explore the area where EA and
decision-making meet. In a subsequent study we want to develop a checklist for
enterprise architects by which they can improve the quality of IT investment de-
cisions. We are aware that our propositions have a relationship with organization
theory. EA will differ between organizations because organizations differ. Organi-
zations differ because of their structural dimensions and contingency factors [45].
These dimensions and factors do not only impact EA, but other organizational
functions as well.

This study was conducted using the case study approach [235, 13], which has
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a number of limitations. According to Darke et al. two types of biases may
occur in case studies: bias arising from researcher effects at the site and from
the researcher’s collection and analysis of case data [46]. The first type of bias
is unavoidable according to Darke et al. We tried to minimize this type of bias
by using a questionnaire for the interviews and informing the participants about
the purpose of our research [46]. The second type of bias was counteracted by
using multiple sources of evidence (triangulation of data). In our case we used
data from documents, interviews, and a focus group. We documented the trail of
evidence for each of the case studies, i.e., the link between the case study data and
the propositions. According to Runeson and Höst four different threats to the
validity may occur in case studies: construct validity, internal validity, external
validity, and reliability [182]. The following countermeasures were taken against
these threats. Construct validity was counteracted by triangulation of data. We
used documents, interviews and a focus group. The members of the focus group
reviewed a draft version of the paper. Internal validity is not applicable since this
is an exploratory study. External validity was counteracted by using multiple
organizations to collect data. Reliability was established by creating a folder per
case study organization with all collected data, interview questions, and a list
of documents. For documents that had to be stored inside in the case study
organization, a reference was included in the list of documents. In a separate
document all coding steps and results of the coding process were captured.

3.6 Conclusion

We studied the influence of EA on IT decisions in three different organizations.
In each of the three cases the contribution of EA to the quality of the IT decisions
was perceived as valuable, although the contributions differed significantly. After
a cross-case analysis we found that four factors, which are part of the decision-
making context, influence the role of EA. It should be noted that more organiza-
tional and contextual factors might influence the role of EA. The four factors that
we found in this study are the extent to which the IT decision-making process is
formalized, the mindset of decision-makers, and the magnitude of impact and the
time pressure of the issue. The formalization of the IT decision-making process
impacts the involvement of the enterprise architect. The more formalized the
process, the more the enterprise architect can rely on standard ways of involve-
ment with standard deliverables. Different mindsets of decision-makers require
different types of deliverables to be provided by the enterprise architect. For
analytical mindsets diagnostic deliverables are required, such as a thorough FSA
[37]. Operational mindsets require actionable deliverables such as a roadmap or
a project proposal [37]. The greater the magnitude of impact of an issue, the
greater the need for a more thorough architecture analysis at the outset. Fi-
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nally, the greater the time pressure of an issue, the stronger the preference for
in-breadth analysis over in-depth architecture analysis. These propositions were
deduced from three cases where EA had a successful influence on IT decisions.
More research is required to find additional factors and test the propositions.
This multiple case study demonstrated that EA is not a one-size-fits-all disci-
pline. Successful support of IT decision-making depends on how the role of EA
is tailored to the specific IT decision-making context.
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4
Enterprise Architects Should Play

Different Roles

Enterprise architecture (EA) offers ways to steer and guide the design and evo-
lution of the enterprise, including its information technology (IT). One of the
objectives of EA is to support IT decision-making. This study aims to provide
EA researchers and practitioners with insight into the linkages between IT deci-
sions and discuss the implications for EA. For this purpose, we carried out a case
study in which we analyzed possible linkages between 265 IT decisions. We used
a framework that makes a distinction between sequential, precursive and lateral
linkages. By reconstructing issue streams of IT decisions we identified the three
types of linkages that apply to real situations and analyzed the implications for
EA. We argue that each type of linkage requires a different role from EA. Sequen-
tial linkages require a high level design, precursive linkages require anticipating
guidance and lateral linkages require a devil’s advocate.

4.1 Introduction

Organizations have large and complex IT landscapes that consist of numerous
IT applications and IT infrastructures which are interwoven with each other
and with business processes [11, 138]. One of the mechanisms to deal with this
complexity is enterprise architecture (EA] [154]. EA is intended to give insight
and oversight in complex matters and provide guidance at the moment of decision-
making [91, 4]. In an earlier study we found that the involvement of EA in IT
decision-making is low [20]. The aim of this study is to examine empirically the
interconnectedness of IT decisions, to shed light on how the discipline of EA can
support IT decision-making. Our contention is that different linkages between IT
decisions may require different kinds of support from EA. To determine the right
type of support that EA should offer, we have explored different types of linkages
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between IT decisions. Our main research question is therefore: What kind of
role of the enterprise architect is required in IT decision-making situations where
different kind of linkages between IT decisions occur?

We conducted a case study in an organization where all IT decisions are
documented. We found that the 265 IT decisions we analyzed are interconnected
in different ways. IT decisions have sequential, precursive and/or lateral linkages.
This entails that IT decisions cannot be made in isolation. Information about
linkages is useful when making a particular IT decision. EA is a source that can
provide this kind of support. After all, EA is a discipline that ensures coherence
and consistency [83, 52]. We argue that the type of support provided by EA
depends on the type of linkage. Sequential linkages require a high level design,
precursive linkages require anticipating guidance, and lateral linkages require a
devil’s advocate.

This study is important for a number of reasons. The notion that IT decisions
do not stand on their own and have different linkages is useful for making better
IT decisions, regardless of the disciplines involved. It also helps EA practitioners
and researchers improve the support of IT decision-making.

The Chapter is structured as follows: in Section 4.2 we present the framework
of linkages that we use in the case study. The research method is explained in
Section 4.3. In Section 4.4 we present the results of this case study. In Section
4.5 we discuss results and limitations. Section 4.6 summarizes the conclusion.

4.2 Theoretical Framework

4.2.1 Linkages between IT Decisions

Langley et al. argue that an organization can be studied as a system of decisions
[118]. According to Langley et al. most decisions arise in a context in which a
given decision is related in some ways to preceding, concurrent and/or successive
decisions. Langley et al. introduced the concept of “issue streams” in order to
study interactions or linkages between different decisions. Issue streams require
different decisions over time. Figure 4.1 contains Langley’s model that we have
used in our research, and in which we replaced the word ‘decision’ with ‘IT
decision’.

Langley makes the distinction between sequential, lateral and precursive link-
ages. A sequential linkage occurs if two decisions on the same issue become
interrelated over time. A lateral linkage occurs if concurrent decisions on differ-
ent issues are linked as they share resources or common context. A precursive
linkage occurs when a decision on one issue affects future decisions on other issues.
Sequential linkages indicate a linkage between decisions on one issue. Precursive
or lateral linkages indicate a linkage between decisions on different issues. We
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Figure 4.1: Theoretical model (based on Langley et al. [118])

follow Dutton et al. in their definition of an issue as “a development or trend
that emerges from an organization’s internal or external environment; that is
perceived to have the potential to affect an organization’s performance” [56]. We
consider a decision a “specific commitment to action” [137].

4.2.2 Enterprise Architecture

There is a broad understanding that EA can help articulate an organization’s
future direction and support senior management in the coordination and steering
of the transformation towards that future direction [72, 168]. One of the applica-
tions of EA is decision support. According to Proper and Lankhorst, “the field of
EA should take upon it as its mission to enable evidence based-management of
transformations (instead of intuition-based management)” [168]. For the EA dis-
cipline to operate effectively, it is important not only to create the right content
but also to have the right competencies and to be involved at the right moment
[18]. We will refer to content, competencies, and involvement of EA when we
discuss the implications of the linkages that we found.
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4.3 Research Approach

4.3.1 Research Method

Our goal is to study IT decisions in practice. The case study approach is an
effective way to reach this goal. The case study approach enables us “to study
contemporary phenomena in their natural context” [182]. The main objective of
this case study is to explore the interconnectedness of IT decisions and the impli-
cations for EA. We found an organization where all decisions were documented
and archived systematically. This provided a rich basis for our research. We
also obtained evidence from a focus group study [235]. Meetings and interviews
were held with the information managers of the case study organization. Each
information manager acts as secretary of one of the IT governance boards and is
the manager of the project portfolio of the appropriate domain. In the meetings
and interviews the information managers reflected on the findings of the case
study. The meetings and interviews were recorded and transcribed. This form of
triangulation allowed us to verify the findings and gather explanations.

4.3.2 Case Study Organization

The case study organization is a mid-sized government agency that has an im-
portant role in society, both in the Netherlands and representing the Netherlands
in international fora. The total number of employees is approximately 1,800.
The total IT budget in 2012 was about EUR 50 million and the total number
of IT employees was about 225. IT decision-making is organized in different IT
governance boards as is shown in Figure 4.2.

At the corporate level, the corporate IT governance board (CB) is the main
decision-making body where formal decisions are made. At a lower level, the
domain level, five boards make formal decisions within the scope of their domain.
Four of these boards cover business domains (BD1, BD2, BD3, and BD4). The
fifth board (ITB) covers the IT domain. The chairs of the domain boards rep-
resent their domain in the corporate board. The CB develops and enforces the
corporate IT policies, approves and manages the portfolio of projects of more than
one million Euros and acts as sponsor for corporate wide projects. The domain
boards approve and manage the portfolio of projects under one million Euros, and
act as sponsor for domain-specific projects. The main topics that require board
decisions are business cases, project plans, changes in the project portfolio, the
IT-strategy, the information strategy, and the enterprise architecture. All board
meetings are scheduled in advance and have an agenda comprising the subjects
to be addressed with links to the associated documents. Minutes are taken at all
meetings. The actual decisions are recorded in the minutes.
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Figure 4.2: IT governance boards in the case study organization

The EA function in the case study organization consists of 6 enterprise archi-
tects and resides in the IT department. One of the architects is the lead architect,
and the others act as domain architect for each of the five domains. The lead
architect is member of the CB as well as of three domain boards. On the corpo-
rate level the EA function is responsible for the corporate principles, standards
and policies. Per domain future-state architectures (FSA) are developed and
per project, so-called project-start architectures (PSA). FSA and PSA consist of
business, application, and technical layers. Projects must comply with EA and
should prove it.

4.3.3 Case Study Subject

The unit of analysis of this case study is an IT decision. An IT decision is
considered to be an explicit decision which is made by one of the IT governance
boards of the case study organization and is designated as such in the minutes.

4.3.4 Data Collection

Data were primarily collected from documents. We studied agendas and minutes
from board meetings as well as documents that were referred to in agendas and
minutes. These data are the basis of an inventory of all decisions. The time
period chosen for collecting data is from 2012 to the end of the first quarter of

59



Chapter 4.

2014. Agendas, minutes, and documents from all IT governance board meetings
in that period were studied. We created an inventory of all agenda items of all
meetings in the selected time period as a point of departure for the documentary
study. For each of these agenda items, we studied minutes and related documents
to determine whether the agenda item resulted in a decision. In total, 650 agenda
items were recorded from which 265 led to an IT decision. For each agenda item
a number of data were collected: the identification, the description, references
to related agenda items, the reference numbers of the related documents, the
requested IT decision, the actual IT decision, the identification of the IT decision,
the problem addressed by the IT decision, the board that made the IT decision,
the required investment in Euros and/or hours, and the date on which the IT
decision was made.

4.3.5 Data Analysis

Data analysis was conducted in parallel with data collection. To find sequential
linkages between IT decisions we identified for each of the 265 IT decisions the
issue underlying the IT decision. Issues were identified in a number of steps. First,
the issue was deduced from the problem addressed by the IT decision, from the
description of the IT decision itself and from the related IT decisions. The result
was a preliminary list of issues. These issues were somewhat disparate. In the
second step we compared all the issues. Similar issues were grouped based on
Dutton’s definition of an issue, and were assigned a more generic name [56]. A list
of 13 rather strategic issues emerged. As a third step the information managers
of the case study organization verified the issues. As a result, five different issues
were merged into one issue, three definitions of issues were adjusted, and 40
decisions were allocated to another issue. Finally, maps were created to visualize
issue streams with consecutive IT decisions for each of the nine issues. Precursive
linkages were detected by analyzing decisions in detail. Based on the data we
collected, discussions with the information managers, and the knowledge of a
researcher of the case study organization, we compared decisions from different
issue streams with each other and discovered precursive linkages. Regarding the
lateral linkages, we studied similar types of decisions per board covering different
issues. We focused on IT investment and prioritization decisions as these decisions
in particular compete for resources. We also studied governance charters of the
different boards. These charters explain how decisions are made, what criteria
are used, and who participates.
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4.4 Results

The 265 IT decisions represent a wide variety of decisions. Some of them are
strategic in nature, like the approval of business cases for multi-year projects
with multi-million Euro budgets, or the approval of a set of business principles
for a new IT infrastructure. Some, however, have a rather tactical and even
operational character such as the agreement that information plans have to be
updated half-yearly and the decision that business cases with a budget under 100
hours do not need approval of a business domain board. We will now discuss the
interconnectedness of IT decisions per type of linkage.

4.4.1 Sequential Linkages

Sequential linkages were found by assigning issues to IT decisions. We found nine
issues that underlie the 265 IT decisions as is shown in Figure 4.3.
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Figure 4.3: Number of IT decisions per issue

Figure 4.3 demonstrates that the issue with the highest number of IT decisions
is ‘Be in control ’. This issue contains IT decisions like the approval of portfolio
plans, the approval of priorities in a project portfolio, and governance proposals.
‘Reduce operational risks’ refers to decisions to decommission legacy systems
and replace them with state of the art systems. Operational risks are risks of
improperly functioning systems which can endanger the execution of business
processes and ultimately the continuity and reputation of the organization. Two
issues are business issues that can be traced back to the role of this organization
in its international context. The issue ‘Comply with regulations’ refers to IT
decisions on how to deal with changes in international rules and regulations in the
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ecosystem where this organization operates. The issue ‘Comply with information
exchange requirements’ refers to IT decisions on how to anticipate and respond
to the growing demand to exchange information with different bodies within the
organization and in the organization’s ecosystem. A third business issue concerns
IT decisions related to the implementation of a new internal way of working. As
a consequence, new systems had to be implemented. Three issues are driven by
IT. The issue ‘Improve IT infrastructure’ refers to decisions to improve different
parts of the data center infrastructure. ‘Create secure IT ’ deals with decisions
to secure information and IT infrastructure. Lastly, ‘Build a new workplace’
contains decisions on the implementation of a new digital workplace. Two IT
decisions could not be related to an issue and are classified as ‘Other ’.

The IT decisions that belong to one issue have sequential linkages. However,
these linkages differ in terms of how strong they are. Although we did not measure
the strength of linkages per issue, some issues clearly demonstrate more coherence
than others. We will now discuss four issues one by one and provide examples
of sequential linkages. These examples demonstrate the differences in strength of
linkages per issue.

Be in control

The ‘Be in control ’ IT decisions are rather independent. Although all these de-
cisions contribute to the generic issue to remain in control, most decisions can
be made without considering other specific decisions. The linkages between con-
secutive decisions are weak. The ‘Be in control ’ decisions are tested against
generic criteria like the rules and perception of correct IT governance, the com-
position of the project portfolio, the available space in the project portfolio, and
the available yearly budget. Figure 4.4 shows an example of consecutive ‘Be in
control ’ decisions of BD2. All these decisions have one thing in common: the
management of the project portfolio of BD2. B001, B007, B010, B017, and B018
are decisions in which the criteria for the management of the project portfolio
are determined and adjusted. B002, B006, and B014 are decisions where the
portfolio itself is adjusted using these criteria. Although all these decisions are
made with the project portfolio in perspective, they are rather independent from
one another. Decision B006 can be made irrespective of the outcome of decision
B002. Certain decisions have stronger linkages than others because they share
the same subject. B007 for example is a very similar decision situation to B001.
B007 recurs because prior choices in B001 have not resolved the subject. All six
IT governance boards make similar ‘Be in control ’ decisions because they have
to manage their portfolio.

62



Enterprise Architects Should Play Different Roles

Issue:
Be in
control

B001
IT governance
charter BD2
requires some
adjustments

B007
Approval
IT Governance
charter BD2

B010
Agreement
proposal
reporting
ICT-budget

B014
Approval 
proposal
to reallocate
budgets

B002
Agreement
postpone
2 projects
till 2013

B006
Approval
proposal
to reduce 
demand
budget

BD2
Okt-2012

BD2
Okt-2012

BD2
Dec-2012

BD2
Jan-2013

BD2
Jan-2013

BD2
Mar-2013

B017
Approval
information
plan

BD2
Mar-2013

B018
All budget
changes
must be 
discussed in the
portfolioboard

BD2
Apr-2013

Figure 4.4: Consecutive ‘Be in control’ decisions of BD2

Reduce operational risks

About 25% of all IT decisions can be traced back to the issue ‘Reduce operational
risks’. Figure 4.5 shows a selection and demonstrates that these IT decisions
deal with different kind of systems: a treasury data warehouse, a set of systems
to collect and analyze data, an HR-system, a project portfolio management tool,
a relationship management system, and finally an operational sorting system.
The common factor in these decisions is the mitigation of risks of improperly
functioning systems. This requires making IT decisions about whether to replace,
upgrade or decommission systems. The linkage between these IT decisions is
stronger when in the same period of time decisions are made regarding systems
that have interfaces. Another factor that increases the strength of the linkage is
when the same system returns different decisions over time. A good example is
the set of systems to collect and analyze data. The implementation of this set
of systems was organized in a large program where a big decision (to start the
program) generated a nested series of smaller ones (like M077).
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Figure 4.5: ‘Reduce operational risks’ decisions per board first identified in 2013
per board
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Comply with regulations

Whenever rules and regulations change, this organization has to adapt its pro-
cesses and systems. Most of these changes are implemented in projects. One of
these projects is shown in Figure 4.6. This example is from BD4 where a new
reporting framework was implemented as part of a new legislation. The decisions
within this project demonstrate strong sequential linkages. All decisions shown
in Figure 4.6 aim at the implementation of a specific reporting framework.

M192
Agreement
to test a 
certain 
scenario for
the implemen-
tation of 
validation rules

M213
Agreement
to implement
the proposed
scenario

M229
Approval of
project plan
to implement
reporting
framework
for
institutions A

BD4
Sep-2013

BD4
Okt-2013

BD4
Nov-2013

Issue:
Comply with
changing
regulations

M234
Approval of
project plan
to 
implement
reporting
framework
for 
institutions B

BD4
Nov-2013

M251
Approval of
change 
requests
for project
institutions B

BD4
Dec -2013

Subject:
New reporting
framework
due to
new legislation

Figure 4.6: Consecutive ‘Comply with regulations’ decisions of BD4 for a partic-
ular subject

Build a new workplace

Two major programs accounted for the majority of the decisions on the issue of
‘Build a new workplace’. The CB initiated both programs. The first aims to
implement a high performance workplace; a software platform to enable collabo-
ration. The second aims to implement a digital workplace; a hardware platform
that allows for anytime, anywhere access. The high performance workplace pro-
gram started in 2012. Figure 4.7 illustrates a number of consecutive decisions
that were made from 2012 onwards. All these decisions were made in the prepa-
ration phase of the program and show strong sequential linkages. Each decision
builds on previous decisions.

4.4.2 Precursive Linkages

Precursive linkages are linkages that occur between issues. Figure 4.8 contains
examples of precursive linkages between IT decisions on three different issues.

The issue ‘New internal way of working ’ required the rethinking of support-
ing systems like relationship management and document management. The issue
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G012
Agreement to 
assess
situation high 
performance
workplace 
(including
document 
management)

G025
Agreement
direction and
governance
high 
performance
workplace

G035
Agreement 
with high 
level plan 
for high 
performance 
workplace

CB
Mar-2012

CB
Aug-2012

CB
Okt-2012

Issue:
Build a
new
workplace

G050
Agreement 
to deliver 
business
case and 
project
plan in 6 
weeks 

CB
Jan-2013

G052
Project 
plan
has to be
adjusted

CB
Mar-2013

G057
Approval
of business
case and
project plan

CB
Mar-2013

G074
Scenarios
have to 
elaborated

CB
Jun-2013

G083
Agreement
proposed
governance

CB
Sep-2013

Program:
High
Performance
Workplace

Figure 4.7: Consecutive ‘Build a new workplace’ decisions of the CB

Issue:
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management

T007
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future-state 
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Approval
overall 
program to 
support 
new
way of 
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T026
Approval 
business 
function and
business 
context
model (part of 
FSA)

T027
Acceptance of 
risk that old 
relationship
management 
system must be  
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production

T012
Approval
solution
relationship
management

BD1
Mar2012

BD1
May-2012

BD1
Mar-2012

BD1
May-2012

T023
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connect with
solution 
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management

BD1
Sep-2012

BD1
Dec-2012

BD1
Sep-2012
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New 
internal
way of
working

G012
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situation high 
performance workplace 
(including document  
management)
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Approval direction and 
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performance workplace
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Approval plan for
high performance 
workplace

CB
Mar-2012

CB
Aug-2012

CB
Okt-2012

Issue:
Build a new
workplace

Figure 4.8: Example of precursive linkages between IT decisions

‘Reduce operational risks’ led to decisions to replace the relationship management
system. Document management came under the scope of the high performance
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workplace program requiring decisions on the issue ‘Build a new workplace’. As
a result, IT decisions of BD1 and CB were necessary in conjunction with one
another to resolve the three issues. One of the precursive linkages is the link-
age between T005 and T011. In T005, the business case for a new relationship
management system was approved. In T011 the overall program for a new in-
ternal way of working was approved. The implementation of a new relationship
management system was part of that program. T005 evoked T011. The decision
to launch the program (T011) in turn provided an opportunity to jump start
the high performance workplace program which led to decision T023. T011 en-
abled T023 to select a new document management solution to connect with the
new relationship management system. T023 was enabled by G025, where the
high-level direction of the high-performance workplace program was approved.
Finally, T023 cascaded off T027 and G035. Although the approval of the new
document management solution (T023) facilitated the approval of the project
plan for the high-performance workplace (G035), it also had a consequence: the
new relationship management system and the new document solution had to be
integrated which might require extra time. This led to decision T027, which
established that the old relationship management system might be required for
longer. This example demonstrates that different decisions on different issues
made by different boards can have strong precursive linkages.

Another example of precursive linkages is demonstrated in Figure 4.9. This
example builds on the previous relationship management example. As was al-
ready shown in Figure 4.8, the decision to approve the business case for a new
system for relationship management was made by BD1 (T005). This decision
was positively influenced by the decision to approve a framework for enterprise
information management. An important part of that framework was relationship
data. The new relationship management system was seen as an opportunity to
improve the management and quality of relationship data. Once the solution for
relationship management was selected (T012) the need for adequate management
of relationship data was felt more clearly and led to the approval of the continu-
ation of the master data management initiative (G026). The information model
of relationship data was approved by the CB (G033) and had to be implemented
in the solution for relationship management. This led to the final approval of the
solution for relationship management (T032).

4.4.3 Lateral Linkages

Concurrent IT decisions have lateral linkages when these decisions share resources
or context. The IT decisions in this case study were made by six different IT
governance boards. One of the instruments to steer the project portfolio is the IT
resources budget available. Each year, every board receives a budget in terms of
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Issue:
Reduce
operational
risks

T032
Approval 
solution
relationship
management

T005
Approval
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management
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solution
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BD1
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BD1
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across domains
for relationship 
data

G026
Agreement to
continue with
MDM for 
relationship 
data
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Jan-2012

CB
Mar-2012

CB
Aug-2012
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Figure 4.9: Example of precursive linkages between IT decisions

IT resources. The CB determines and controls the total IT budget and spending.
The CB also determines the distribution of budgets per domain. The domain
boards have to control their own budget. BD2 for example made 26 IT investment
and prioritization decisions on different issues. In the portfolio board meeting of
May 2013, four IT investment and prioritization decisions were made. Two of
these decisions were about the issue ‘Be in control ’, one was on ‘Comply with
regulations’ and the final one was on ‘Reduce operational risks ’. These decisions
have lateral linkages with one another in the sense that they all require resources
that have to be assessed against the IT resources budget available.

4.5 Discussion

4.5.1 Implications for EA

This case study demonstrates that IT decisions have linkages of different types.
This raises the question of how EA can support IT decision-making. We argue
that the type of support EA can provide depends on the type of linkage. The
type of support is a combination of content, competencies, and involvement. This
combination requires EA to play a certain role. We identified different roles from
EA for each type of linkage found in this case study. We will discuss each different
role and explain the specific combination of content, competencies and involve-
ment. The involvement of EA is illustrated in Figure 4.10. The competencies
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are defined according to the study by Steghuis and Proper [206]. Before we dis-
cuss the differences per role, we want to stress that all roles require certain basic
EA competencies; analytical and communication skills, and abstraction capacity
[206].

IT Decision 1 IT Decision 2

Issue 
stream 1

Issue 
stream 2

Issue 
dimension

Time dimension

IT Decision 3

Sequential
Linkages

Lateral
Linkages

Precursive
Linkages

1 2 3

Figure 4.10: Involvement of enterprise architecture per type of linkage

Sequential linkages require a high-level design

Sequential linkages occur on one issue stream. As we noted earlier, issues differ
to the extent the decisions on that issue are linked. The decisions on the issue
‘Be in control ’ show much weaker linkages than those on the issue ‘Build a new
workplace’. This also impacts the role of EA. We will now discuss both issues
and the role of EA therein.

Figure 4.7 illustrates a sequence of highly interconnected decisions for the high
performance workplace program that is part of the issue ‘Build a new workplace’.
The series of decisions starts with an assessment followed by a future direction,
a governance plan, and a high-level plan. These steps allow an initially vague
idea to become more crystallized, ultimately resulting in an approved business
case and project plan. The pattern followed to resolve this issue is a top-down

68



Enterprise Architects Should Play Different Roles

approach. EA is considered to be a top-down approach for high-level business
and ICT planning and decision support [194, 169]. A new workplace is a piece
of shared infrastructure for an organization. It would not make sense to leave
the decision for a workplace to individual business domains [227]. It is essential
that the workplace functions as a whole for all employees of the organization. A
new workplace connects people, processes and technology across the organization
and thus requires an overall, enterprise-wide, design considering the architecture
dimensions ‘business’, ‘information’, ‘systems’, and ‘technology’ [169]. EA can
provide such a high-level design. In this respect, the correct time to involve EA
is at the point in the issue stream where an issue unfolds, as is illustrated with
the black arrow 1 in Figure 4.10. The earlier a high level design is available, the
greater the value it provides for all consecutive decisions required to resolve the
issue. Regarding the content of such a high-level design, we consider it should
cover all architecture dimensions, bridging business and IT. The high-level design
should start with the function of the new workplace. This is information that can
be used to decide on the desirability and added value of a new workplace. As a
next step, the components that comprise the construction of the new workplace
should be designed. Information about the construction is important to develop
a business case, to determine the investment, and to make a decision about the
feasibility and the return on investment.

A less concrete issue like ‘Be in control ’ requires a different kind of decision
support from EA. To resolve the issue ‘Be in control ’, ongoing management
attention is required as to whom has to decide on ‘Be in control ’ events that
occur. Take for example decision B002 in Figure 4.4 where two projects were
postponed. This decision proved necessary because of resource constraints. A
decision like this does not require EA involvement. On the other hand, in decision
B017 in Figure 4.4 the information plan of BD2 was approved. This information
plan contains a multi-year roadmap of future projects and estimated budgets.
A decision like the approval of the information plan can certainly benefit from
EA involvement. To begin with, EA can provide as-is and to-be models of the
domain. In these models, the business capabilities of the domain could be taken
as a starting point. These models are an important input for the preparation of
a roadmap. An information plan is useful when making decisions like B002, as it
provides a baseline against which ‘Be in control ’ decisions can be made. EA is
one of the parties that can contribute to the development of such a plan.

What the issues ‘Be in control ’ and ‘Build a new workplace’ share is the
demand for insight and overview. Insight and overview are necessary to make
well-informed decisions. In both cases, a high-level design contributes to that
insight and overview. EA is the discipline that can provide such a high level
design [154, 72]. The main competencies required are creativity, facilitation skills
and teamwork [206]. The enterprise architect providing a high level design can
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be positioned in the “Enterprise IT Planning” school of thought where enterprise
architects see themselves “as consultants involved in consulting, advising and
guiding the EA planning process” [166].

The main difference between the issues ‘Be in control ’ and ‘Build a new
workplace’ is that the former issue is perpetual while the latter is a one-time
issue. Decisions like the approval of the information plan appear on the agenda
every year. A decision like the approval of the business case for a new workplace
is a one-time decision. As a consequence, the high-level design for the issue
‘Be in control ’ should be adjusted yearly while the high level design for a one-
time issue should be created once, as early as possible when the issue unfolds.
When we consider all the issues of Figure 4.3, most of these issues are perpetual.
‘Reduce operational risks’, ‘Comply with regulations’, ‘Improve IT infrastructure’,
‘Comply with information exchange requirements ’, and ‘Create Secure IT ’ are
perpetual issues. Only the issues ‘Implement new internal way of working ’ and
‘Build a new workplace’ are one-time issues. This means that, at least in the
case study organization, the high level designs should be adjusted periodically.
In organizations where more one-time issues occur, one-time high-level designs
are required to resolve that issue. All issues require a high-level design. The
stronger the sequential linkages, the greater the need for it.

Precursive linkages require anticipating guidance

Precursive linkages indicate linkages between different issues. For example, the
linkage between T005 and T011 in Figure 4.8 where a linkage exists between
the decision to approve the business case for relationship management and the
approval of an overall program to support a new internal way of working. From
the reconstruction of issue streams, it became clear that the T005 decision con-
tributed to the T011 decision. If the business case in T005 were to have been
disapproved, there would have been a strong likelihood that the overall program
would not have started, making T011 obsolete. What is interesting in Figure 4.8
is the interplay between the relationship management system and the document
management system. BD1 was in need of a new relationship management sys-
tem that required a connection with a document management system. The CB
wanted to promote a new document management system as part of the high per-
formance workplace program. Different issues and interests converge at a point
where a decision on one issue has an impact on a future decision on another is-
sue. Decision T023 is a major decision in this example, in which it was decided to
make use of the new document management system in conjunction with the new
relationship management system. The question arises as to what information is
needed to make a well-informed decision in such a case. Apparently, there are
alternatives: connecting the new relationship management system with the old
document management system or with the new document management system.
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This requires an analysis of these two alternatives with their pros and cons, and
their risks. The role of the enterprise architect in such a case is that of an antic-
ipating guide. A person that combines initiative, organizational awareness, and
persuasiveness [206]. These competencies are not only necessary to play a role in
the abovementioned analysis but particularly to bring the precursive linkages to
the attention of decision-makers. In other words, EA is a discipline that is able to
spot precursive linkages and raises the need for decisions which otherwise would
not have come to light. In these decisions, enterprise-wide and local interests
have to be reconciled. The role of an anticipating guide can be positioned in
the “Enterprise Configuration” school of thought where the enterprise architect
can be seen “as a futurist, trying to understand the organization and considering
the various configurations on how decisions will impact the organization in the
future” [166].

The other example, in Figure 4.9, demonstrates the same decision situation as
in Figure 4.8. It requires organizational awareness to anticipate a linkage between
an enterprise-wide information model for relationship data, which is relevant for
the CB, and a local implementation of a relationship management system, which
is of interest for BD1. The approval of the solution for relationship management
(T012) enabled the decision to continue with master data management for re-
lationship data (G026). As a next step, an information model was created and
approved (G023). This model would also be beneficial for the implementation
of the relationship management system (T032). High-level designs are useful for
resolving individual issues. Next to these designs, the aforementioned anticipat-
ing guidance is required. Enterprise architects may study the high-level designs
of both issues and raise questions about the linkages they expect. Different al-
ternatives can be identified and elaborated when a linkage results in a situation
that requires a decision.

An important conclusion is that in case of precursive linkages, EA may not
only support decision-making, but also raise precursive linkages itself, and thus
help determine the decision-making agenda. This requires insight in project and
investment portfolios. It also requires an EA function that has broad access to
different stakeholders in the organization and is familiar with all the issues. When
this is the case, EA can also bridge the gap between business and IT. Being famil-
iar with IT-related issues, the EA function can spot possible precursive linkages
with more business-related issues. A good example of the case study organization
is the issue ‘Reduce operational risks’. This is an issue where EA can spot future
business decisions that offer opportunities to replace legacy systems. The issues
‘Comply with information exchange requirements’ and ‘Implement new internal
way of working ’ contain business decisions where EA can find opportunities to
replace legacy systems. Issues like ‘Reduce operational risks’ are the right can-
didates for assigning an EA function with the task of finding and identifying

71



Chapter 4.

precursive linkages, and thus creating win-win situations. The right moment for
the involvement of EA is the point at an issue stream where a decision is made.
This is illustrated with the black arrow 2 in Figure 4.10.

Lateral linkages require a devil’s advocate

Lateral linkages indicate decisions that share resources or context. In Section
4.4.4 we explained the example of BD2. The main task of BD2 is to manage the
project portfolio. The majority of the decisions of BD2 are IT investment and
prioritization decisions that impact the project portfolio. It became apparent
that these decisions touch different issues. Although these decisions may at first
glance seem to be of no interest to EA (they just relate to allocating resources
and controlling budgets), they can impact how an issue is being resolved and
thus impact other issues with which that issue has linkages. When for example
an investment proposal is rejected because of a lack of resources, this might
impact a decision on another issue that builds on that investment. When in a
particular board meeting concurrent IT investment and prioritization decisions
have to be made, insight in the project and investment portfolios is necessary.
Furthermore, all possible linkages with other decisions have to be taken into
consideration. Information about these linkages can be provided by EA. Insight
in the high-level designs of different issues as well as in (possible) precursive
linkages can be used to judge whether to support or question decisions from a
“linkage perspective”.

The right moment for involving EA is at a gathering to discuss concurrent
decisions, like a portfolio board meeting, as illustrated with the black arrow 3 in
Figure 4.10. What is required in this case is a devil’s advocate. Devil’s advo-
cacy produces cognitive conflict and ultimately leads to higher quality decisions
[189]. The most important competencies required are leadership, negotiation,
and independence [206]. The enterprise architect must understand the contex-
tual elements like culture and power that influence decision-making. After all,
the linkage perspective is just one of the perspectives for judging a business case
or a portfolio reallocation. Other perspectives include financial and resources,
not to mention the personal or group interests that play a role when concurrent
decisions are discussed.

The enterprise architect playing the role of a devil’s advocate can be posi-
tioned in the “Enterprise Power Authority” school of thought. In this school
the enterprise architect is seen “as a politician, trying to negotiate and alter the
future state of the organization” [166].

72



Enterprise Architects Should Play Different Roles

Table 4.1: EA support per type of linkage

Type of link-
age

What EA
information
required

Main content
of EA

Main com-
petencies of
EA

Timing EA
involvement

Role from
EA

Sequential link-
ages one-time

Top-down
insight and
overview in
function and
construction of
the one-time
issue

To-be models
of the solution
to resolve the
issue

Creativity, Fa-
cilitation skills,
Teamwork

When the issue
unfolds

High-level de-
sign upfront

Sequential link-
ages perpetual

Top-down
insight and
overview in fu-
ture state of
the perpetual
issue

To-be models
of the future
state of the
issue

Creativity, Fa-
cilitation skills,
Teamwork

Periodically High-level de-
sign perpetual

Precursive link-
ages

Pros and cons
and risks of
decision alter-
natives, Possi-
ble precursive
linkages

Analysis of de-
cision alterna-
tives, Analysis
of possible pre-
cursive linkages

Initiative, Or-
ganizational
awareness, Per-
suasiveness

At the moment
a decision is
made that has
possible precur-
sive linkages

Anticipating
guidance at
the moment of
decision-making

Lateral linkages All possible
linkages with
other decisions

Analysis of con-
sequences

Leadership,
Negotiation,
Independence

At the moment
a decision is
made that has
lateral linkages

A devil’s ad-
vocate at the
moment of
decision-making

Different types of linkages require different types of EA support

Table 4.1 summarizes the different types of linkages and the possible support from
EA. The type of EA support differs significantly depending on the type of linkage.
In case of sequential linkages, the support from EA is rather traditional and
consists of high-level designs providing decision-makers with insight and overview
in an issue. It should be noted that these overviews are needed at an early stage.
The competencies required in case of sequential linkages are the skills to engage
stakeholders in the creation of the high level design. In case of precursive and
lateral linkages the support is quite different and consists of analyses at the
moment of decision-making, together with the right competencies to influence
decision-making. In both cases insight in project and investment portfolios is
necessary. For sequential linkages, EA is particularly involved in the preparation
of decisions. For precursive and lateral linkages, EA is part of decision-making,
and determines the agenda. Our conclusion that EA should play different roles,
corresponds with Strano who concludes that “the role of the enterprise architect
is multidimensional and that there is no single role but, rather, there are many
roles” [208]. Whether EA is allowed to play the roles that we identified, depends
on different factors like the maturity of the EA function and the maturity of the
portfolio management function. A certain maturity of the EA function is required
to become part of an IT governance board like in the case study organization.
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4.5.2 Study Limitations and Threats to Validity

We present an understanding of IT decisions and their linkages drawing from
empirical data collected from one organization. In our view, the types of IT
decisions and linkages we found are quite common in organizations. However the
way these decisions are being made can differ from one organization to another.
Different factors can affect decision-making [191, 210].

We have only considered EA as a source to provide information about link-
ages. We are aware that other sources such as a Project Management Office
can play a role in decision support [50]. Another limitation is that we did not
strive for completeness in reconstructing all possible linkages. We are also aware
that the reconstruction of linkages depends on the interpretation of decisions by
the researchers. However, this case study clearly demonstrates that sequential,
precursive and lateral linkages occur. This is what we expect to occur in most
organizations.

According to Darke et al., two types of biases may occur in case studies [46].
Firstly, biases arising from the researcher effects at the site. These are partly
unavoidable according to Darke. There is still a risk that we did not reconstruct
the right issues. The other type of bias is in the researcher’s collection and
analysis of data. This was counteracted by using data from documents and focus
groups. Another type of bias we are aware of, is confirmation bias caused by the
fact that the first author is a practising enterprise architect.

According to Runeson and Höst four different threats to the validity may
occur in case studies: construct validity, internal validity, external validity, and
reliability [182]. The following countermeasures were taken against these threats.
Construct validity was counteracted by triangulation of data. The information
managers of the case study organization tested the issues that were assigned to the
decisions, following Dutton’s definition of an issue [56]. One of the information
managers reviewed the draft case study report. Internal validity is not applicable
since this is an exploratory study. External validity was counteracted by using
Langley’s theory as a starting point to identify linkages [118]. Reliability was
established by creating a database in MS Excel with all the agenda items and
decisions per portfolio board.

4.6 Conclusion

The main conclusion from this empirical study of 265 IT decisions is that each
of the types of linkages between IT decisions requires a different role from EA.
A different role means a different combination of content, competencies and in-
volvement. The sequential linkages indicate the necessity of a top-down approach
to resolve issues. The appropriate support from EA is to provide decision-makers
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with a high-level design. Precursive linkages indicate rather complex and future
dependencies between different issues. These kinds of linkages require antici-
pating guidance at the moment of decision-making. Lateral linkages, which can
be sensitive, require a devil’s advocate at the moment of decision-making. Ta-
ble 4.1 summarizes the different types of linkages and the appropriate role from
EA. We discussed the implications for EA. It became clear that enterprise archi-
tects should play different roles dependent on the linkages between IT decisions.
Further research is required to test our theory about EA’s role in different IT
decision-making situations.
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5
Empirical Insights into the Evolving Role

of Architects in Decision-making in an
Agile Context

The transition to agile software development changes the decision-making power
in organizations. This study aims to provide researchers and practitioners with
empirical insights into how the participation in decision-making by enterprise,
solution, and system architects evolves due to this transition. For this purpose,
a case study was conducted to examine the participation of and challenges for
architects in decision-making in agile projects. A mixed-method research approach
was used comprising observations, conversations, interviews, a literature study,
and a survey. We found that 101 decision types are used prior to and during
agile iterations, in which architects and stakeholders collaborate to make these
decisions. The projection of these types of decisions over 25 different actors in
the case study organization demonstrates that decision-making is a group effort in
which solution and system architects are highly involved. Architecture and agility
can indeed co-exist. Another finding of this case study is that stakeholders in
agile teams perceive less architecture involvement in decision-making and expect
less design decisions up front. Architects are challenged to become team players,
to make design decisions only when they are necessary, and finally, to document,
communicate, and share design decisions more effectively.

5.1 Introduction

The adoption of agile software development has become mainstream [153, 200].
The transition to agile, however, is still a challenge in the areas of people, orga-
nization, project and process [81]. One of the consequences of this transition is
that agile gives more decision-making power to teams and developers [229, 59].
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This implies that some other actors see a reduction in their decision-making
power. Architects are one of the actors in an agile context, so the question is
how their decision-making power changes due to the agile transition: are they
involved in more or less decisions, do they have to find different ways to col-
laborate in decision-making, and how do stakeholders1 perceive the role of ar-
chitects in decision-making? Several publications describe an adapted role for
architects in agile software development, albeit from a more theoretical perspec-
tive [123, 233, 162, 60, 75, 33]. In this research, we intend to empirically explore
the involvement of architects in all kinds of decisions in agile projects and their
collaboration with stakeholders. Just as stakeholders of architecture may be in-
volved in design decisions, architects may participate in other types of decisions,
like management decisions [175]. The main research question of this study is
therefore: What is the impact of the agile transition on the role of architects in
decision-making prior to and during agile iterations?

To answer the main research question we divided it into the following sub-
questions:

1. What types of decisions are used prior to and during agile iterations?

2. What is the involvement of architects in these types of decisions?

3. What is the perception of stakeholders about the way architects participate
in decision-making prior to and during agile iterations?

To answer the research questions, a case study was conducted. In this case
study, we used a mixed method research approach comprising observations, con-
versations, interviews, literature study and a survey. The transition to agile is
still ongoing [75, 2]. Case studies can therefore provide useful insights to research.
The case study was conducted in an organization that has an architecture practice
for eight years, and has applied agile in software development for two years.

The results of this case study demonstrate that 101 different types of deci-
sions are used prior to and during agile iterations. The projection of these types
of decisions over 25 different actors in the case study organization demonstrates
that decision-making is a group effort in which solution and system architects
are highly involved. Stakeholders in agile teams perceive less architecture in-
volvement and expect less comprehensive documents. Architects are challenged
to become team players, to make design decisions only when they are neces-
sary, and finally, to document, communicate, and share design decisions more
effectively.

This study is important for a number of reasons. First, it provides architec-
ture practitioners and researchers with empirical insights into how the role of

1We consider stakeholders as the actors other than architects who participate in decision-
making
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architects in decision-making evolves due to agile software development. These
insights are useful to confirm and extend existing theories, as well as to improve
architecture practices. Second, it provides insights into what types of decisions
are made in an agile context. These insights may enable organizations to assess
and improve themselves.

This Chapter is structured as follows: in Section 5.2 we discuss related work.
The research method is explained in Section 5.3. In Section 5.4 we present the
results of this case study. In Section 5.5 we discuss results and in Section 5.6
threats to the validity and limitations. Section 5.7 contains the conclusion.

5.2 Related Work

To answer our main research question we first need to know what decisions are
made in an agile context. Drury et al. studied the decision-making process in
agile teams extensively [54, 53, 55]. In one of their studies Drury et al. identified
various decision types that are used during software development [53]. Drury’s
study focuses on the decisions generally made by agile teams during the iteration.
These decisions are divided over four phases. In the first phase, the iteration plan-
ning, the team plans the upcoming iteration. They assign story points to a user
story and divide tasks. In the execution phase, the team works on developing the
actual product. In the review phase, the stakeholders get the opportunity to give
feedback to the team and review progress. They determine if the requirements
are met and which user stories need to be more detailed or debugged and taken
to the next iteration. In the final phase, the iteration retrospective, the team
members give feedback on the iteration [53]. We used Drury’s decision types as
a starting point to identify different types of decisions.

With regard to the role of architects in decision-making two aspects play a
role. First, decision-making is described as one of the major tasks of architects
and key design decisions are seen as the main artifact of architects [115, 163].
Traditionally, the main task for architects is to make decisions that would be
costly and risky to change mid-project [82, 232]. These decisions are made prior to
or in the early stages of a project, and therefore architects are linked to big design
up front planning and decision-making [232]. Second, architecting is conducted on
different organizational levels. That means that there are different levels on which
key design decisions are made. All these levels are relevant when studying the
impact of agile on the role of architects. TOGAF makes the distinction between
enterprise, segment and solution architects. The enterprise architect operates at
the enterprise level, the segment architect operates in a given domain, and the
solution architect has its focus on system technology solutions [85]. SAFe makes
the distinction between enterprise, solution and system architects. Enterprise
architects act at the portfolio level and solution/system architects at the program
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and large solution level [123].
The impact of agile on architecture has been studied by different scholars

[75, 130, 76]. Architecture has traditionally a top-down approach, while agile
works bottom-up. Architects are plan and documentation-driven, while agile
works with a trial-and-error approach and documentation is of less importance.
The question is whether these two will complement each other, or if there is
an unbridgeable gap [60, 75, 130]. In the early days of agile, there was doubt
whether agility and architecture could co-exist [1]. Contemporary frameworks
and approaches demonstrate that agility and architecture can co-exist [59, 123].
This research aims to provide empirical insight into the challenges for architects
in the way they participate in decision-making in an agile context and compare
these insights with existing theories.

5.3 Research Approach

5.3.1 Research Method

We regard the way different actors are involved in decision-making in an agile
context as a complex social phenomena. The case study approach is suitable to
understand such phenomena [182, 235]. As part of this case study, we used a
mixed method research approach comprising observations, conversations, inter-
views, literature study and a survey. Figure 5.1 visualizes the research design.
As the unit of analysis, we chose the architect [235]. The architect, and more
specifically, the enterprise, solution or system architect, is one of the actors who
is involved in decision-making in the case study organization.

5.3.2 Case Study Organization

The case study organization is a Dutch government body, with approximately
1,800 employees and which operates in the financial sector. The organization has
applied the agile approach for software development for two years and is generally
aware that architecture and agile teams need to be aligned. The challenge for the
organization is to find a way to connect the more bottom-up agile software devel-
opment approach and the more top-down organizational governance approaches
like business planning and portfolio management. In this study, we focus on the
decisions that are required prior to and during the agile iterations and what the
role of architects is in these decisions. The case study organization employs six
enterprise architects, who operate at the enterprise and the domain (portfolio)
level, and twelve solution architects who act at the program and project level.
Regularly, solution architects work for two or three agile teams. In the domain
where this research was conducted, two system architects operate as part of an
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What is the perception on 

architects in DM?

Figure 5.1: Research design

agile team. The main architecture artifacts are: architecture criteria at the en-
terprise level, future-state architectures (FSA) at the domain and program level,
and project-start architectures (PSA) at the project level. Architecture crite-
ria consist of principles, policies, and standards. An FSA describes the future
state of a domain or program in terms of business, application, and technical
architecture. A PSA contains the relevant principles, policies and standards for
a project, as well as the current and future state of a project in terms of the
business, application, and technical architecture. Figure 5.2 illustrates the dif-
ferent levels, associated artifacts and positioning of architecture roles in the case
study organization. For example, in the development of a new payment system,
an enterprise architect created an FSA containing the target organization and
processes, the relevant architecture criteria, and the high level requirements for
the system. A solution architect and a system architect created a PSA containing
the software architecture and the required infrastructure for the system. During
the development of the system, two system architects were involved as part of
two agile teams. These system architects were also acting as developer.
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Figure 5.2: Organization of architecture function in case study organization

5.3.3 Data Collection

As a first step, ethnographic methods were applied to gain an understanding in
the way of working of the case study organization [182]. The first insights were
obtained during observations while attending agile team meetings. In addition to
these observations, informal conversations were held with practitioners to expand
and clarify observations. Furthermore, documents of the case study organization
were studied, in particular architecture documents like FSAs and PSAs. Lastly,
a literature study was conducted to gain an understanding of relevant literature.
Four databases (Google Scholar, IEEE Xplore Digital Library, Springer Link,
and the digital library of the VU University) were searched based on the fol-
lowing keywords: “Enterprise Architecture”, “Architecture”, “Decision-making
Agile projects”, “Agile and Architecture”, and “Architecture Decision-making
Agile”. The literature with the most relevance for the research questions, is in-
cluded in the related work Section. Based on the information gathered to date,
semi-structured interviews were held in the last quarter of 2016. The goal of
these interviews was to create a list of decision types that were used prior to and
during agile iterations. As a starting point, we used Drury’s list of decision types
[53]. In the interviews different decisions were explored in which each respondent
participated. These decisions were summarized at the end of each interview. The
respondent had the opportunity to confirm or reject a captured decision. A list
of the decision types made by the respondent was obtained on the basis of each
interview. These decision types were added to Drury’s original decision list. A
project leader, a product owner, and an enterprise architect validated the com-
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plete list of decision types. As a result, duplicate and unclear decision types were
removed. The final decision list reflects the decision types of an organization in
an agile transition. The interviewees were also asked for their perception about
the role of architects in decision-making. Table 5.1 shows the number of partici-
pants per role in the interviews, as well as in the subsequent survey. The average
number of years of experience of all participants with agile software development
is 4.7. Six agile teams were included in this research. These teams worked on a
variety of systems: a customer relationship management system, a portal, a data
collection system, a payment system (two teams), and a contribution collection
system: all larger systems (more than one million Euros).

Table 5.1: Number of participants involved in case study

Role Interview Survey

Enterprise Architect (EA) 2 3
Solution Architect (SA) 1 3
System Architect (SY) 2 2
Developer (DV) 2
Head of Section (HS) 2
Information Manager (IM) 1
Portfolio Manager (PF) 1
Information Analyst (IA) 1
Project Manager (PM) 1
Project Leader (PL) 2 2
Product Owner (PO) 3 4
Scrum Master (SM) 3

Total 10 25

As a next step, we used a survey to gain insight into the participation in
decision-making according to respondents. The decision list we created in the
previous step was used as the basis for the survey. Initially we asked 35 peo-
ple to participate in the survey. These people all play a role related to the six
agile teams. Ultimately 25 people participated between December 2016 and Jan-
uary 2017. The respondents can be categorized into two groups: the architects’
perspective of their participation in decision-making and the stakeholders’ per-
spective of the architects’ and their own participation in decision-making. The
architects were asked to identify the decision types in which they participate. By
participation, we mean active participation in the sense of having a say in deci-
sions of that type. The stakeholder group consists of all the other participants
in the survey. The stakeholders have each a different concern, regarding agile
iterations and have different perspectives on decision-making. The stakeholder
group was asked to identify participation of the different roles of architects in the
different decision types and to identify the decision types in which they partici-
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pate themselves. As a final step in this research, the results of the interviews and
survey were analyzed and discussed among the researchers.

5.4 Results

5.4.1 Decision Types

Based on the outcome of the interviews, a list was created with 101 decision
types2 divided over five different phases and three perspectives as shown in Table
5.2.

Table 5.2: Number of decision types per phase and per perspective

Phase Management User Design Total

Initiating 10 3 9 22
Operational 28 5 4 37
Execution 8 0 13 21
Review 4 8 2 14
Retrospective 7 0 0 7

Total 57 16 28 101

The first phase is the initiating phase with decision types that are made
prior to the agile iterations. Decisions made in this phase provide the context
for the agile iterations. The second phase is the operational one with decision
types used at the start of each agile iteration. The third phase contains types
of decisions used during the execution of the iteration. We then have the review
phase that contains end-of-iteration decision types. The final phase contains
decision types on the retrospective. Compared to Drury’s list of decision types,
72 decision types were added, and one decision type was removed. Drury did
not take the initiating phase into account; so all decision types in this phase
were added. The decision type removed during validation was ‘who is the owner
of the user story’. The three persons validating the decision list interpreted
this decision type differently. Furthermore, they remarked that ‘everyone is the
owner of a user story’, and therefore ‘what is the decision here meant to be?’.
We also classified the decision types according to different perspectives. The
management perspective contains decision types regarding planning, estimation,
resourcing, and prioritization. The user perspective includes decision types on
topics like requirements and acceptance. The third and last perspective is the
design perspective with decision types on design and engineering. The decision
list provides a snapshot of the decision types identified at the time of this research

2The complete list can be found in Appendix A
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when the architects in this organization followed a rather traditional, document
driven approach. That is why decision types were added like ‘Decide on the
content of the FSA’ and ‘Decide on the content of the PSA’ and ‘Decide if the
PSA is final’.

5.4.2 Involvement in Decision-making

We first wanted to know who participates in which decision types. Figure 5.3
shows the absolute number of decision types in which the 25 respondents of the
survey considered themselves to participate.

0	 10	 20	 30	 40	 50	 60	 70	 80	 90	 100	

Enterprise	Architect-1	
Enterprise	Architect-2	
Enterprise	Architect-3	
Solution	Architect-1	
Solution	Architect-2	
Solution	Architect-3	
System	Architect-1	
System	Architect-1	

Developer-1	
Developer-2	

Head	of	Section-1	
Head	of	Section-2	

Information	Manager	
Portfolio	Manager	

Information	Analyst	
Project	Manager	
Project	Leader-1	
Project	Leader-2	
Product	Owner-1	
Product	Owner-2	
Product	Owner-3	
Product	Owner-4	
Scrum	Master-1	
Scrum	Master-2	
Scrum	Master-3	

Initiating		

Operational	

Execution	

Review	

Retrospective	

Figure 5.3: Absolute number of decision types per phase per actor

One of the findings from Figure 5.3 is that agile decision-making in this or-
ganization is a collaborative group effort. Different actors participate actively in
the same decision types. On average, eleven actors participate actively in one
decision type. Over 50% of all decision types involved all solution and system
architects, product owners, the information analyst, one of the enterprise archi-
tects, one of the developers and one of the project leaders. Under 30% of decision
types involved the scrum masters, the heads of section, the portfolio manager, the
project manager, two of the enterprise architects, one of the developers, and one
of the project leaders. One enterprise architect participates in far more decision
types than the other two. Such a big difference also appears with the developers
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where one of them participates in 56 decision types and the other one in only
three. The heads of section and the project leaders demonstrate considerable,
but fewer major differences. With regard to the participation of architects, the
system and solution architects are the ones that are most involved. They par-
ticipate strongly in all phases and there is considerable overlap in the decision
types they participate. In 29 decision types, all system and solution architects
indicated their participation.

Secondly, we wanted to find out who participates in design decision types and
whether architects participate in other kind of decisions. Figure 5.4 demonstrates
that most actors have a say in decision types of all three perspectives. E.g.,
product owners not only decide on user-related topics, but also on management
and design related topics. Solution and system architects not only participate in
design decision types, but also in user and management related decision types.
Conversely, scrum masters are mostly focused on management decision types.
The perspective with which architects are most familiar, the design perspective,
is certainly not the domain of the architects alone. As can be seen in Figure 5.4,
different stakeholders participate in design decision types.
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Figure 5.4: Relative division of decision types over perspectives per actor

The finding that decision-making is a group effort, is further underpinned by
looking at the participation in individual decision types. Table 5.3 contains the

86



Empirical Insights into the Evolving Role of Architects in Decision-making in
an Agile Context

decision types that respondents consider have the most simultaneous participa-
tion.

Table 5.3: Decision types with most participants

No Decision PhasePers EA SA SY DV HS IM PF IA PMPL PO SM Total

19 Decide on non-
functional require-
ments

Init User 3 3 2 1 1 1 - 1 1 1 4 - 18

16 Decide who is suit-
able for the team

Init Man - 2 2 1 2 1 1 1 1 2 2 2 17

95 Decide what to im-
prove during the
next iteration

Retro Man 1 3 2 1 - - - 1 - 2 4 3 17

97 Decide what new
things the team will
try in next iteration

Retro Man 1 3 2 1 1 - - 1 - 2 4 2 17

17 Decide for someone
(extern or intern)
to join the team
during the project

Init Man - 2 2 - 2 1 - 1 1 2 3 2 16

33 Decide if a user
story meets the
scope (time, bud-
get, minimal viable
product)

Oper Man - 3 2 1 - - - 1 1 2 4 2 16

67 Decide if a func-
tional direction or
solution is too com-
prehensive

Exec Des 2 3 2 1 - 1 - 1 - 2 4 - 16

98 Decide root cause if
team did not meet
its iteration goal

Retro Man 1 3 2 1 - - - 1 - 2 4 2 16

100 Decide issues that
will most influence
team success

Retro Man 1 3 2 1 1 - - 1 - 2 4 1 16

6 Decide on the time
scope of a project

Init Man 1 2 1 - - 1 1 1 1 2 4 1 15

21 Decide the roadmap
of the project

Init Man 3 2 - - 1 1 1 1 1 1 4 - 15

96 Decide what went
well to continue
during next itera-
tion

Retro Man 1 3 2 1 - - - 1 - 1 4 2 15

The decision type on the non-functional requirements attracts the most par-
ticipation. In total 18 of the 25 respondents indicated that they participate
actively in decisions of this type. Five of the 12 decision types with the highest
participation relate to the initiating phase and another five to the retrospective
phase. The first and last phase show the highest participation across the different
participants. It is notable that both system and solution architects are heavily

87



Chapter 5.

involved in almost all decision types. Furthermore, Table 5.3 demonstrates that
10 of 12 decision types have a management perspective.

In order to provide a balanced view, we also wanted to chart the decision
types with the least simultaneous participation. Table 5.4 contains these decision
types, all of which have a management perspective. Table 5.4 shows that these
decision types require fewer participants than the decision types in Table 5.3.
What stands out, is that system and solution architects play a role in some of
the decision types with a management perspective. We already saw in Figure 5.3
and Table 5.3 that system and solution architects are quite heavily involved in
decision-making compared to stakeholders.

Table 5.4: Decision types with least participants

No Decision PhasePers EA SA SY DV HS IM PF IA PMPL PO SM Total

64 Decide who will pair
together for paired
programming

Exec Man 1 1 1 3

50 Decide task esti-
mates

Oper Man 2 1 1 4

28 Decide capacity for
team members

Init Man 2 2 1 5

26 Decide which people
will be available

Init Man 2 1 2 1 6

57 Decide if a task fits
in the scope of the
project

Oper Man 2 2 1 1 6

5.4.3 Perception about Architectural Participation in Decision-
making

Finally, we were interested in stakeholders’ perception of the participation of ar-
chitects, so that we could derive the challenges for architects. Table 5.5 contains
the number of decision types in which architects participate according to stake-
holders. We considered there to be participation of an architecture role if over
50% of the stakeholders thought this was the case. For comparison reasons, we
also included the scores of the eight architects themselves. As can be seen, stake-
holders have a different perception than architects. Especially in the operational
and review phases, stakeholders perceive less participation than system and so-
lution architects. Table 5.6 is similar to Table 5.5, although the decision types
are clustered per perspective instead of per phase. Architects and stakeholders
agree on the participation of architects in design decisions. The big differences
are in the user and management perspective where solution and system architects
participate in much more decision types than stakeholders perceive. Our next
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analysis addresses which architecture role is dominant in which decision phase
according to stakeholders. An architecture role is dominant in a decision type
when it has the highest percentage of participation according to stakeholders,
and when this percentage is higher than 50%. As is shown in Table 5.7, stake-
holders perceive the system architect overall as the dominant architecture role in
the iterations compared to the other two architecture roles. The enterprise and
solution architects play a more dominant role in the initiating phase only. This
differs from the perception of solution architects themselves (see Table 5.5), who
are of the opinion that they are strongly involved in all phases.

Table 5.5: Number of decision types in which architects participate according to
themselves and to stakeholders, per phase

Phase StH EA EA1 EA2 EA3 StH SA SA1 SA2 SA3 StH SY SY1 SY2

Initiating 11 12 8 14 13 19 13 18 10 14 12
Operational 1 0 4 15 8 32 23 19 19 35 25
Execution 5 3 9 17 14 18 16 18 17 17 15
Review 2 2 1 9 2 12 6 9 5 10 10
Retrospective 0 0 0 6 6 7 7 7 7 7 6

Total 19 17 22 61 43 88 65 71 58 83 68

Table 5.6: Number of decision types in which architects participate according to
themselves and to stakeholders, per perspective

Perspective StH EA EA1 EA2 EA3 StH SA SA1 SA2 SA3 StH SY SY1 SY2

Design 14 13 18 25 24 27 24 26 24 20 24
User 1 2 2 11 1 14 6 10 4 15 9
Management 4 2 2 25 18 47 35 35 30 48 35

Total 19 17 22 61 43 88 65 71 58 83 68

Table 5.7: Number of decision types where a certain architecture role is dominant
according to stakeholders

Phase Enterprise architect Solution architect System architect

Initiating 8 8 5
Operational 0 2 18
Execution 1 5 14
Review 2 0 4
Retrospective 0 0 7

Total 11 15 48

The interviewees commented on the role of architects and their way of working
with agile teams. They acknowledged the role of architects but questioned the
way in which architects contribute. According to a product owner: ‘Architects
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are not so important during iterations. However, I recognize their value during
the initiating phase. The FSA provides us with a framework within which we work
and with the rationales of the decisions that were made early on. The PSA is
also a good starting point in terms of how applications interact and what tools to
use. Our system architect has the PSA in his head. We do not use the document,
the system architect works accordingly. I think that the FSA and PSA could be
shorter. One should not go into too much detail in the beginning ’. One of the
enterprise architects remarked: ‘To make sure that the architecture framework
becomes part of the team’s DNA, you need stable teams. When this is the case
you do not need a PSA or any big up front documentation. The most important
task of an architect is to talk and talk ’. One of the solution architects thought
that the FSA and PSA were overly detailed. He also commented on the role
of the enterprise architect versus the solution architect: ‘Enterprise architecture
is about the ideal world. As a solution architect I am part of the real world. I
have to deal with resource and budget constraints. These constraints determine
the architecture to a large extent. I value the FSA, although it is too detailed.
I personally make many decisions, and I agree that these decisions should be
documented and motivated. We need to find a better way instead of creating a
PSA’.

5.5 Discussion

The list with decision types shows a mixed picture. On the one hand, it con-
tains decision types that are typical for an agile process, on the other hand, it
includes decision types that belong to a more traditional way of working. Espe-
cially, the design decision types in the initiating phase fit to a traditional way of
working with decision types on FSA and PSA. This case study shows a snapshot
of an organization that applies software development in an agile manner, while
at the same time applying architecting in a rather traditional fashion with ar-
tifacts like FSAs and PSAs. Two interesting observations can be made. First,
despite the rather old-fashioned architecture artifacts, the value of architecture is
not questioned by the stakeholders, and according to architects themselves, they
participate strongly in decision-making. This is in line with literature that archi-
tecture and agility can co-exist [59, 123]. Second, the architects that participated
in the interviews are aware of the changes that are needed, i.e., that architecture
artifacts like FSAs and PSAs are at some point no longer appropriate. Remember
that one of the enterprise architects explained that once agile teams are stable, a
PSA or any big documentation is not needed. When we took our snapshot, that
stable situation was not yet reached. The agile teams in this study were formed
less than two years ago and had many external employees. So it was reasonably
obvious for architects to continue creating FSAs and PSAs while at the same
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Table 5.8: Challenges for architects in decision-making in an agile context

Topic Challenge for architects Action for architects

Who to
involve in
design de-
cisions and
make sure
these de-
cisions are
adopted by
teams?

Stakeholders expect to be in-
volved in design decisions. Ar-
chitects can no longer make de-
sign decisions on their own and
impose these decisions on teams.
Imposing design decisions on a
team is a situation that does not
really motivate teams, partic-
ularly agile teams. “Teams, in
general, have the potential to
make more effective decisions
than individuals because teams
can pool knowledge and informa-
tion, which helps them to make a
good decision” [53].

Architects must become team players who are able to
discuss and explain decisions to stakeholders and col-
league architects. They need to focus on effective com-
munication and collaboration and be able to compromise
and negotiate decisions with stakeholders [233, 60, 107].
Architects have to find ways to intervene effectively:

• Learn from organization theory: “effective inter-
ventions are based on valid information about the
organization’s functioning; they provide organiza-
tion members with opportunities to make free and
informed choices; and they gain members’ internal
commitment to those choices. Free and informed
choice suggests that members are actively involved
in making decisions about the changes that will
affect them” [44].

• Apply nudge theory, which is “a concept in behav-
ioral science, political theory and economics which
argues that positive reinforcement and indirect
suggestions to try to achieve non-forced compli-
ance can influence the motives, incentives and
decision-making of groups and individuals, at least
as effectively if not more effectively, than direct
instruction, legislation, or enforcement” [59, 213].

When to
make de-
sign deci-
sions?

Stakeholders expect architects
not to go into much detail in the
beginning.

Architects should try to create a minimal set of design
decisions at the level on which they operate, be it a sys-
tem, solution, domain, or the enterprise as a whole. Ar-
chitects must try to delay design decisions until they are
absolutely necessary [59]. This can be done by applying
a risk and cost driven approach to architecting [82, 44].
Such an approach supports architects to identify the key
concerns at the right level to address in their decision-
making.

How to
document
design de-
cisions?

Stakeholders do not expect thick
documents like FSAs and PSAs.
Delivering these types of standard
documents can become a goal in
itself, which is a common pitfall
of architects (not only because of
agile) [18].

Architects must find a more integrated way of docu-
menting and communicating design decisions instead of
creating documents with design decisions on each or-
ganizational level, and passing these documents to the
next organizational level. Different authors identified
and described the required change from documents to
key decisions [233, 162]. The implementation of this
change is not straightforward and requires further re-
search.

With
whom to
share de-
sign deci-
sions?

Stakeholders expect design deci-
sions to be shared along the lines
of different organizational lev-
els. The simultaneous participa-
tion of different architecture roles
in the same decision types (like
in the case study organization)
may seem inefficient, especially
in the eyes of stakeholders, but is
very valuable from a knowledge-
sharing perspective.

Ultimately, design decisions at different levels need to be
coordinated. How design decisions can be coordinated
and knowledge can be shared across different organiza-
tional levels like enterprise, domain, and software sys-
tem, is an area for future research.
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time being aware of the necessary transition in the architecture function. From
this case study we learn that changes in the way of working of architects lag the
changes in the way of working in software development.

This study also confirms that decision-making in an agile context is a col-
laborative group effort [229, 142]. On average, eleven actors (of a maximum of
25) participate actively in the decisions of one decision type. The actors most
involved are the solution architect, system architect, product owner, and infor-
mation analyst. We also found that solution and system architects just as much
participate in management and user-related decision types as product owners
participate in design decision types. Where architects in the past had the au-
thority to make design decisions on their own, they now collaborate with other
stakeholders [53]. This case study also demonstrates that architects have a say in
other types of decisions. Another finding from this study is that all solution and
system architects, and one of the enterprise architects, are heavily involved in all
decision phases. However, stakeholders have the perception that the involvement
of enterprise and solution architects can be limited to the initiating phase.

This case study raised various challenges for architects with regard to their
role in decision-making in an agile context. Table 5.8 summarizes these challenges
and discusses possible actions for architects.

5.5.1 Threats to Validity and Limitations

According to Yin, four different threats to the validity may occur in case studies:
construct validity, internal validity, external validity, and reliability [235]. The
following countermeasures were taken against these threats. Construct validity
was counteracted by having the list of decision types validated by three different
roles in the case study organization. Furthermore, the case study report was
drafted by one of the authors and reviewed by two of the other authors. Nev-
ertheless, we do not exclude misinterpretation of survey questions. The results
of the survey show some large differences between respondents in the same role.
Internal validity is not applicable since this is an exploratory study. Regarding
external validity, we argue that the findings of this case study are of interest to
other practitioners and researchers outside the case study organization. Although
we focused on a single domain in only one organization, the results correspond
with contemporary research and confirm earlier defined theories. Reliability was
established by creating a case study protocol and a database in MS Excel where
the results were stored [235]. Another approach we used was that two authors
conducted the data analysis to reduce the threat of bias. This was done partly
in parallel, and partly sequential.

A limitation of this study is that we did not include implicit decisions. In
an agile approach most of decision-making is done in daily stand-ups, sprint-
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planning or pre-refinement sessions and documented to a bare minimum. This is
an area for future research. The decision list in this study can be used as a point
of departure to study what decisions in agile projects are implicit or explicit.
Another limitation is that the decision list reflects the decision types identified at
some point during an agile transition of just one organization. The findings of this
study are thus based on decision types that may change over time. Compared
to Drury et al. we found much more different types of decisions [53]. One
explanation is that we included the decision types used prior to an agile iteration,
where Drury et al. only had the agile iteration in scope. Another explanation is
that our list was created based on interviews with architects, project leaders, and
product owners, where Drury et al. collected the decisions during a focus group
meeting with mainly agile practitioners. A third limitation is the ambiguity of
architectural roles. Different respondents of the survey may have had a different
understanding of a particular architectural role. A final limitation is that we did
not study the interaction between different actors. This is also an area for future
research. Social network analysis is a good starting point [128]. Using the lens of
social network analysis could help to explain why participants in the same role
differ so much in their participation in decisions.

5.6 Conclusion

This research focused on the role of architects in decision-making in agile projects.
The purpose was to provide insights in decision-making participation of archi-
tects, especially enterprise, solution, and system architects, and to align the em-
pirical insights with a theoretical perspective. At first a list was created covering
all the decision types made in various phases prior to and during agile iterations.
From this list we concluded that architecture and agility indeed can co-exist and
that changes in the way of working of architects lag the changes in the way
of working in software development. The decision list was taken as a starting
point for a survey that was designed to receive insights in the architects’ and
stakeholders’ participation in decision types in practice. The results of our study
reveal a mixed participation of different actors including architects in all decision
types. On average, eleven actors (of a maximum of 25) participate actively in
the decisions of one decision type, confirming that decision-making in an agile
context is a collaborative group effort. Another finding from this study is that
stakeholders in agile teams perceive less architecture involvement and expect less
comprehensive documents. Architects are challenged to become team players, to
make design decisions only when they are necessary, and finally, to document,
communicate, and share design decisions more effectively.
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6
An Empirical Investigation of the
Relationship between Enterprise

Architecture Maturity and the Quality of
IT Investment Decisions

According to literature, one of the benefits of enterprise architecture (EA) is im-
proved decision-making. One of the decisions to which EA is intended to con-
tribute is IT investment. However, there is no clear evidence of any relationship
between EA, the quality of IT investment decisions, and the quality of the out-
comes of these decisions. The objective of this research is to empirically study
the relationship between the maturity of an EA practice, the quality of IT invest-
ment decisions, and the quality of the outcomes of IT investment decisions. A
quantitative research approach was chosen, in which data were collected from a
survey of 142 EA developers, users, and implementers. The main finding from
this study is that the maturity of an EA practice (according to DyAMM, one of
the models for measuring EA maturity) has a weak positive relationship with the
quality of IT investment decision outcomes, where this relationship is almost per-
fectly mediated by the quality of IT investment decisions. Our study indicates that
enterprise architects should focus on ways to improve the quality of IT investment
decisions instead of the quality of the outcomes of these decisions.

6.1 Introduction

Enterprise architecture (EA) is employed by many organizations as a mechanism
to deal with the complexity of their corporate IT environments [3, 228]. EA
provides holistic overviews and insights in the areas of business, information/data,
applications, and technical infrastructure of an organization [223, 85]. These
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overviews and insights should be used to steer the direction and evolution of
an organization. One of EA’s claims is that it enables senior management to
take ownership of the key decisions on the design of the future organization
[72, 91, 90, 154]. There is still no real evidence to support these claims. This
research aims to fill that gap.

For this study we consider EA as a discipline that supports senior management
in making key decisions regarding the design of the future organization [72] . One
of these key decisions is IT investment. This decision is of particular importance
given the amounts of money invested in IT and the risks associated with these
investments. Gartner reports estimated IT expenditure for 2018 of USD 3.68
trillion, an increase of 4.5 percent from 2017 [126]. The CHAOS report indicates
that in 2015 only 29% of projects were successful, i.e., on time, on budget, and
with a satisfactory result, 19% of all projects failed and 52% were challenged
[88]. EA is not the only discipline or variable that may contribute to the success
of IT investments. Jurgens [92] identified no less than 80 different project or
input variables relevant to a project, like project management and skills of people
involved. However, if the quality of IT investment decisions can be improved with
the support of EA, this may reduce risks and generate considerable savings.

Most studies on the benefits of EA regard it as a black box without further
operationalizing it. We consider the application of EA a multifaceted process
where different steps have to be taken to build and mature an EA practice [18].
An EA practice is defined as “the whole of activities, responsibilities, and ac-
tors involved in the development and application of EA” [205]. The purpose of
maturing an EA practice is to increase its performance and effectiveness [133].
Tamm et al. [212] indicate that a high-quality EA is likely to improve availabil-
ity of information on the organization’s resources and thus contribute to better
decision-making. This suggests a relationship between the maturity of an EA
practice and the quality of decisions. In this study we consider EA as a white
box and define the different building blocks that together constitute an EA prac-
tice and its maturity. To the best of our knowledge, no research has yet been
performed to test in-depth whether EA contributes to IT investment decisions.
The objective of this research is to increase our knowledge about the elements
that constitute the maturity of an EA practice and the quality of IT investment
decisions and the relationships between these elements. Specifically, we seek the
answer to the following question: To what extent does the maturity of an EA
practice predict the quality of IT investment decisions?

To answer this question, a quantitative empirical research approach was ap-
plied. The aim of our research is to develop theory for predicting [73]. According
to Gregor such a theory is able to predict outcomes from a set of explanatory
factors, without explaining the underlying causal connections between the de-
pendent and independent variables in any detail. The reason we do not pursue
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causality is the large number of variables next to EA that may impact the quality
of IT investment decisions.

A theory that predicts that improvements in the maturity of an EA practice
correlate with the quality of IT investment decisions is important for both practi-
tioners and researchers. Practitioners are provided with insights to increase their
effectiveness; researchers with a theory on how the maturity of an EA practice
correlates with the quality of IT investment decisions.

The theoretical background of this research is presented in the next Section.
Section 6.3 describes the research design and the hypotheses. Section 6.4 contains
the results of our research and in Section 6.5 we discuss these results. Finally,
we outline the implications of this research, and elaborate on the limitations in
Section 6.6. We end with a conclusion in Section 6.7.

6.2 Theoretical Background

In this Section we discuss related work on the maturity of EA and the quality
of IT investment decisions in order to further clarify the different elements that
make up our research question.

6.2.1 Enterprise Architecture

We first discuss the relationship between EA and IT decision-making, and then,
the maturity of EA.

Enterprise architecture and IT decision-making

The relationship between EA and IT decision-making has been studied in liter-
ature reviews and quantitative studies. Various literature reviews indicate that
one of the benefits of EA is improved decision-making [212, 29, 93]. According
to Tamm et al. [212] improved decision-making is one of the commonly cited
benefits of EA. Tamm et al. [212] posit that EA reduces the subjectivity of the
decision-making process and more closely aligns business and IT investment de-
cisions with organizational goals. Furthermore, they posit that EA improves the
information availability on the organization’s resources that may prove valuable
for informing organizational decision-making. In an extensive structured litera-
ture review, Boucharas et al. [29] include literature that indicates that EA aids
in the context of general decision-making activities, as well as in decisions re-
lating to sourcing and the adoption of commercial of-the-shelf (COTS) software.
General decision-making refers to one of the findings of a survey indicating that
EA is important for an organization because it supports decision-making [187].
Decisions relating to sourcing and the adoption of COTS refer to Bucher et al.
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[35] who found that EA is a less critical success factor for decisions related to
sourcing and a more critical success factor for the adoption of COTS. Jusuf and
Kurnia [93] found that EA improves strategic decision-making. This finding is
derived from literature and interviews with EA experts. All these literature re-
views considered various EA benefits, while regarding decision-making as a black
box without further operationalizing it. The few quantitative studies that we
found, concentrate on the impact of EA on the outcome of decisions. A study
of 49 IT projects shows that for custom software development projects with a
maximum cost of EUR 2.5 million, the use of solution architecture is positively
correlated with improved project results [197]. Another study, based on a survey
with 293 respondents, indicates that architectural insight is positively correlated
with project performance [65]. Finally, based on 3,076 projects reports, Kurek
et al. [116] report indications for the value of EA on IT projects. In this study
we want to empirically explore whether the application of EA improves decision-
making by considering decision-making as a white box. As part of this white box
approach we define the items to measure the quality of IT investment decisions.
The goal of our study is to find evidence as to the extent to which EA predicts
the quality of IT investment decisions.

There is broad consensus that the EA discipline should guide and inform IT
investment decisions [27, 71, 34, 43]. One of the aims of EA is reduced risk of
future IT investments [85]. However, measurement of EA benefits, in our case bet-
ter IT investment decisions, is not straightforward. Several studies demonstrate
that EA leads to intermediate outcomes [145, 66, 204, 117]. These intermediate
outcomes, in turn, lead to organizational and project benefits. This implies that
in studying the relation between EA and IT investment decisions we need to
distinguish between the quality of IT investment decisions and the quality of the
outcome of IT investment decisions.

Enterprise architecture maturity

To aid organizations in the adoption of EA best practices, maturity models have
been developed and proposed. These models offer assessment frameworks and
roadmaps for increasing EA maturity [219]. Maturity models in general have been
subject to criticism [164]. Vallerand et al. [219] argue that “a single, universally
adequate EA maturity model seems unreasonable at the present time” given the
different schools of thought of EA and different design approaches for maturity
models. However, there is reported evidence that maturity models are valuable
[25, 203]. With regard to EA, several EA maturity models exist, with different
purposes and different ways of measuring the EA maturity [133, 219, 203]. We
studied a number of these maturity models in order to compare them and chose
one for our research. We used the following criteria to select a model. Firstly,
since we want to test the relationship between the maturity of an EA practice
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and the quality of IT investment decisions, we require an EA maturity model
that measures the maturity of an EA practice and not the outcome(s) of an
EA practice. Secondly, since EA is a discipline that evolved over the years we
prefer a model that co-evolved with the EA discipline, the most recent version of
which has been published after 2010. Finally, we prefer a model that is publicly
available and applied across different industries.

As a starting point to find a suitable model, we studied papers in which
EA maturity models and frameworks are discussed [133, 219, 203]. We included
the specific EA maturity models mentioned in these papers in our comparison.
Generic maturity models like CMM-I and COBIT were not included since we
want to measure EA maturity specifically. The Forrester EA maturity model was
not accessible and thus excluded. The Architecture Capability Maturity Model
(ACMM) of the US Department of Commerce was not included because we could
not retrieve it anymore on the Internet. The models we included are, in alphabet-
ical order: Dynamic Architecture Maturity Matrix (DyAMM) [203, 205, 202], EA
Assessment Framework (EAAF) [68, 149], EA Maturity Model (EAMM) [150],
EA Management Maturity Framework (EAMMF) [151, 152], IT Score for EA
[67], and Massachusetts Institute of Technology, Centre for Information Systems
Research (MIT CISR) [181, 139].

Table 6.1 contains a comparison of the different maturity models. The MIT
CISR model measures outcomes instead of the elements that constitute an EA
practice and is thus not suitable for this particular research. The latest version
of EAMM dates from 2003, which we regard as outdated. The EAAF is not
suitable since it is very specific, i.e., it contains a lot of US-government jargon.
Gartner’s IT Score for EA is by far the most used model and the most recently
adjusted one. The major disadvantage is that the model is not publicly available.
Only Gartner clients can make use of it. Ultimately, only two models meet
our criteria: DyAMM and EAMMF. Of these two models, we prefer DyAMM
over EAMFF. The latter model is rather specific: the core elements of EAMFF
describe practices and conditions, some of which use vocabulary aimed at U.S.
federal departments and agencies. The checkpoints in the DyAMM are more
generic, describing goals using vocabulary that is not specific to an economic
sector. Therefore, we choose to apply the DyAMM in this study. It is a model
that can be used to assess the maturity of an EA practice, the latest version
was published in 2012, the model is publicly available, and has been applied
across different industries [205]. A qualitative evaluation of DyAMM took place
primarily by applying the instrument to about 20 real-life cases [203]. In all
these cases “the results of the matrix met with much recognition from both
management and architects. The strengths and weaknesses that emerged were
recognized, as well as the priorities that were suggested by the matrix”. In a later
stage a more quantitative analysis of DyAMM was performed [205]. The results
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of this analysis did not give rise to fundamental changes in DyAMM, though it
did provide some input to fine-tune DyAMM.

Table 6.1: EA maturity models compared

DyAMM EAAF EAMM EAMMF IT Score EA MIT CISR

Publisher Sogeti US OMB Nascio US GAO Gartner MIT CISR

First pub-
lished

2001 2004 ?? 2002 2010 2003

Last ver-
sion

2012 2009 2003 2010 2015 Unknown

Version 3.0 3.1 1.3 2.0 Unknown Unknown

Availability Public Public Public Public Proprietary (for Gart-
ner clients only)

Public

Applicability Broad US Government agen-
cies (until 2009)

US States and broader US Government and
broader

Broad Broad

# Applied 56 (until 2008) Unknown Unknown In 2012 different agen-
cies were assessed

> 1000 (until 2015) 255 in 2015

Underlying
philosophy

Goal-oriented, evolu-
tionary development
of the architectural
function

Responsibility to man-
age (IT) investments
wisely with EA as a
blueprint

EA as characteristics
to support the IT in-
frastructure

EA as blueprint Business outcome
driven EA

EA as organizing logic
for business processes
and IT infrastructure

Subject
of mea-
surement
(scope)

EA practice Completion of EA-
models, use of these
models and results

EA practice EA program manage-
ment maturity

EA practice Foundation for execu-
tion (outcome of EA
practice)

Outcome Scale of maturity that
has been achieved
across the focus areas:
0-12

Level of maturity that
has been achieved: 1-
5 for completion, use
and results of EA

Level of maturity that
has been achieved: 0-5

Stage of maturity that
has been achieved: 0-6

Level of maturity that
has been achieved: 1-5

Stage of maturity that
has been achieved:
business silos, stan-
dardized technol-
ogy, optimized core
or business modularity

Main Fo-
cus

Development EA
practice

Improve IT Invest-
ments

Providing path for
architecture and pro-
cedural improvement

Improve architecture
management

Development EA
practice

Create a foundation
for business execution

As can be seen in Table 6.1, the maturity models differ in terms of their
underlying philosophy. When using DyAMM as a model to measure the maturity
of an EA practice, we implicitly opt for a goal-oriented, evolutionary development
of an EA practice. We discuss DyAMM and its measurement model in more detail
in the research design Section.

6.2.2 Quality of IT Investment Decisions

The quality of IT investment decisions consists of several components that we
discuss in this subsection: a decision, the quality of a decision, and an IT invest-
ment decision. Ultimately, this justifies our understanding of the quality of IT
investment decisions as we use it in this study.

Decision

We consider a decision “a specific commitment to action” [137]. A decision is
made in a process comprising two stages, the first of which is the formulation of
the decision, in which the decision is prepared and ends with the specific com-
mitment to action. In the second stage the decision is implemented [157]. In the
formulation of the decision a problem or opportunity is defined, various alterna-
tives are generated, alternatives are evaluated, and the best possible alternative
is selected. The formulation stage ends with a commitment to implement the
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selected alternative: the decision approval. In the implementation stage, the
selected alternative is implemented. Figure 6.1 shows the two stages.

Figure 6.1: Stages of decision-making (based on Papadakis et al. [157])

Figure 6.1 suggests a rather linear and rational process. Boonstra [28], Lan-
gly et al. [118], and Sabherwal and King [183] found that this is not always the
case. Boonstra [28] considers an IS decision-making process as “a set of actions
that begins with the identification of a stimulus (the IS-related problem) and
ends with the IS decision”. Boonstra points to the contrasting approaches in
decision-making in general: the rational and bounded rational approach. One of
the outcomes of his research is that these approaches also apply to IS decisions.
His study shows that “many IS decisions follow the same messy and difficult
path as other (strategic) decisions”. A systematic literature review of IT (includ-
ing IS) decision-making literature underpins Boonstra’s conclusion [20]. Both
rational and bounded rational approaches were found in IT decision-making lit-
erature. Another finding of this literature review was that IT decision-making is
subject to many variables and factors. These variables and factors make every IT
decision-making process somewhat unique and contextual. Langley et al. [118]
argue that an organization can be studied as a system of decisions. According
to Langley, most decisions arise in a context in which a given decision has in
some ways relationships with preceding, concurrent and/or successive decisions.
She introduced the concept of “issue streams” in order to study interactions or
linkages between different decisions. Langly also concluded “a decision like with
many other concepts in organization theory, is sometimes an artificial construct, a
psychological one that imputes commitment to action”. In a case study of 265 IT
decisions, inspired by Langley, Van den Berg and Van Vliet [21] discovered that
these 265 decisions indeed have many linkages with other decisions. For example,
a decision to approve a business case (the IT investment decision) for a new work-
place was preceded by five other decisions where each decision builds on previous
decisions. Sabherwal and King [183] identified five alternative ways of making IS
decisions: planned, provincial, incremental, fluid, and political decision-making
processes. A survey among 85 executives demonstrated that all these five ways
are followed with the planned decision-making process on number one, with 32
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percent of cases. For this study, we reasonably assume that somewhere in the
process a decision is made to start implementation and that the implementation
process ends at some point with (or without) certain outcomes.

Quality of a decision

Different perspectives exist on the quality of a decision. These perspectives can be
related to the different stages of the decision-making process. One perspective is
that rational analysis during the formulation phase improves the initial quality of
the decision: “in high velocity environments, the more comprehensive the search
for strategic alternatives, the better the performance of the firm” [30]. The quality
of a decision thus depends on the formulation stage. Another perspective is that
successful decisions were found “to be more on time, have lived up to intentions
more than others, and [are] more satisfactory to those concerned” [135]. In this
perspective the quality of a decision highly depends on the implementation. Miller
[135] regards a decision as being successful when it is completed, achieved, and
acceptable. Completion refers to the extent to which everything intended to be
done, is done, within the expected time period. Achievement refers to the extent
to which what was done performs as intended. Acceptability refers to the extent
to which the method of implementation and outcomes are satisfactory to those
involved in, or affected by, the implementation. A decision “may be implemented
in full, may achieve all that is required and still be carried out in such a way,
or have outcomes that are so widely unpopular, that it cannot be acclaimed an
unmitigated success” [136]. Following the definition of Miller et al. [136], the
quality of a decision can only be measured after its implementation. While the
decision itself is established at the end of the formulation stage, its completion,
achievement, and acceptability can only be measured after the implementation.
Hetebrij [79] argues that the quality of a decision depends on two factors: decision
power and content quality. A decision has decision power if it is made on a
timely basis and if it is actually implemented. A decision has content quality if
it is based on relevant knowledge and if the concerns of the stakeholders involved
are carefully considered. Hetebrij [79] relates the success of a decision to both
its formulation and implementation. Nooraie [147] also states that the decision
outcomes may be investigated in two stages. In the formulation stage “the quality
of the decision-making process output in terms of timeliness or speed of the
decision-making, acceptability to interested units and people, and adaptiveness
to change can be evaluated. This actually defines how well the decision process
is carried out”. The implementation stage determines “how well the decision
(selected alternative) is accomplished, the decision goals are achieved, or problems
are solved” [147]. The results of both the formulation and implementation stage
determine the quality of a decision.
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IT investment decision

We consider an IT investment a major initiative with an IT component for which
funds are requested. Examples are a business transformation program to change
the organization’s business model, the purchase and deployment of an ERP sys-
tem, or the outsourcing of a data center. The IT investment decision is the
decision to approve or reject an IT investment. IT investment decisions select
and fund initiatives and address how much to spend, what to spend it on, and how
to reconcile the concerns of different stakeholders [227]. According to Weill and
Ross [227], “the IT investment decision is one of the five interrelated IT decisions
that every enterprise must address, and often the most visible and controversial
as some projects will be approved, others are bounced”.

Compared with other types of decisions, IT investment decisions have some
specific characteristics. First, IT investments require funds or budgets. Budgets
are amounts of money required for the investment. As part of the IT invest-
ment decision, a budget should be approved. Second, IT investment decisions
cannot be taken in isolation: other IT investment decisions must be taken into
account when making a particular IT investment decision. Organizations try to
achieve an optimal IT investment portfolio, i.e., a portfolio in which all invest-
ments contribute to strategic, long-term objectives. Strategic alignment between
business strategy and IS strategy positively moderates the relationship between
IT investments and firm performance [39].

Two approaches can be followed to study IT investment decision-making:
attribute-based and stage-based [183]. The attribute-based approach states that
the decision-making process can be described by a set of key attributes such as
analysis, planning, procedural rationality, and politics [30, 135]. The stage-based
approach, on the other hand, regards the IT investment decision as a complex,
multistage process [234]. In this research we follow the attribute-based approach
and focus on the attributes that determine the quality of the IT investment
decision. We consider an IT investment decision to follow the two stages of
decision-making: the formulation and the implementation stage. The results of
both stages determine the quality of IT investment decisions.

Quality of IT investment decisions

Figure 6.2 contains the attributes that we study regarding the quality of IT in-
vestment decisions. These attributes are primarily derived from decision-making
literature [135, 136, 79, 147] with additions from IT investment literature [227,
39, 225]. Figure 6.2 shows the attributes for both stages of an IT investment
decision. We translate these attributes into measurement items in the research
design Section.

The desired outcomes of an IT investment can be quantitative, e.g., a certain

103



Chapter 6.

Figure 6.2: Stages of IT investment decision-making and their quality attributes

return on investment, or more qualitative, e.g., improved corporate identity. The
due date of an IT investment decision is the date by which the implementation
tasks should be completed. The budget of an IT investment decision is the
amount of money required for the investment. Relevant information in case of an
IT investment decision consists of objectives, benefits, requirements, alternatives,
costs, risks, stakeholders, planning, portfolio of investments, and governance.

6.3 Research Design

We stated our research question in the introduction referring to the extent to
which the maturity of an EA practice predicts the quality of IT investment deci-
sions. In the previous Section we further explained the constructs of EA maturity
and quality of IT investment decisions. In this Section we translate the research
question into our research model and discuss the research methodology. Since we
want to develop a theory for predicting [73], we translate the research question
into hypotheses and we operationalize our constructs into measurement items.

6.3.1 Research Model

Tamm et al. [212] indicate that EA may help decision-makers arrive at better
informed decisions but that this pathway received very little attention in exist-
ing research, possibly because of lower visibility and difficulties in measuring the
benefits from planning, as they tend to be less tangible. However, as indicated in
the introduction Section, there is broad consensus that the EA discipline should
guide and inform IT investment decisions [27, 93, 34, 71, 43]. The “2012 Clinger-
Cohen Core Competencies and Learning Objectives (11.4)” even state that the
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use of EA in IT investment decision-making should be one of the competencies
of EA [43]. We thus expect a positive relationship between the maturity of an
EA practice and the quality of IT investment decisions. Because we want to
distinguish between the quality of IT investment decisions and the outcomes of
these decisions, we posit the following two hypotheses:

H1: There is a positive relationship between the maturity of the EA practice
and the quality of the IT investment decision outcomes.

H2: There is a positive relationship between the maturity of the EA practice
and the quality of the IT investment decisions.

The results of an explanatory study indicate that EA does not offer projects
much in terms of time and cost savings [66]. A further elaborated version of this
study demonstrates that EA and EA practices do not achieve end goals directly,
but work through intermediate outcomes [65]. The quality of IT investment de-
cisions may be such an intermediate outcome. That is why we posit H3.

H3: The relationship between the maturity of the EA practice and the quality
of the IT investment decision outcomes is mediated by the quality of the IT in-
vestment decisions.

The application of EA depends on the context [3, 21]. Contextual factors
such as type of decision-maker, economic sector, and organization size, might
impact the relationship between the maturity of the EA practice and the quality
of the IT investment decision outcomes. We included these contextual factors as
moderators in our model. First, IT investment decisions can be made by different
combinations of people from business and/or IT [227]. This leads to the question
of whether the type of decision-maker has an effect on the relationship between
the maturity of the EA practice and the quality of the IT investment decision out-
comes. In this study we make the distinction among decision-making by business
people only, IT people only, and business and IT people jointly. We test business
people only against IT people only and business and IT people jointly against
IT people only. Second, Foorthuis et al. [66] found that it is relatively difficult
for the public sector to reap benefits from EA compared with the finance and
insurance sector. This indicates differences between economic sectors. Plessius
et al. [161] on the other hand found no significant differences between sectors
in his study on EA benefits. Therefore, it is of interest to test for differences
between economic sectors. We test the differences between the public and non-
public sector. Third, the size of the organization is the last contextual factor that
we consider as a possible moderator. We expect that large organizations differ
from small and mid-sized organizations, since large organizations are more likely
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to have started an EA practice earlier because of their larger and more complex
IT landscapes. This is why we posit:

H4.1: The relationship between the maturity of the EA practice and quality of
IT investment decision outcomes is moderated by type of decision-maker: business
vs. IT.

H4.2: The relationship between the maturity of the EA practice and quality of
IT investment decision outcomes is moderated by type of decision-maker: business
and IT vs. IT.

H5: The relationship between the maturity of the EA practice and quality
of IT investment decision outcomes is moderated by economic sector: public vs.
non-public.

H6: The relationship between the maturity of the EA practice and quality of
IT investment decision outcomes is moderated by size of organization: large vs.
small and medium.

The resulting research model is illustrated in Figure 6.3.

Quality
IT Investment 
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Figure 6.3: Research model
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6.3.2 Research Methodology

In order to test the hypotheses H1-H6 we followed a quantitative empirical ap-
proach by means of a questionnaire used in a survey among EA developers, EA
users, and EA implementers. The data collected in this survey are then used to
test the hypotheses using multiple linear regression. Finally, to collect explana-
tions for our findings, we worked with three focus groups.

Measurement model

Our measurement model has three major constructs: 1) EA maturity (EAM), 2)
the quality of IT investment decisions (DQ), and 3) the quality of IT investment
decision outcomes (OQ). In operationalizing these constructs into measurement
items, we followed Bagozzi and Phillips’ [8] recommendations for a) gathering
and adopting existing measurement items, or, if not available, b) generating and
revising measurement items that appropriately capture each construct.

Data were collected by means of a questionnaire that comprised different
sets of questions. The first set contained seven general questions on EA and IT
investment decisions. The second set comprised 23 questions on EAM. The third
set contained eight questions on DQ and the fourth set six questions on OQ. The
fifth set had five questions on the relationship between EAM and IT investment
decisions. The last set contained five questions relating to demographics.

Measurement EAM

The measurement model for EAM is based on DyAMM [203, 202]. The way we
applied DyAMM in this research is different from its regular application. First,
DyAMM is primarily an instrument to incrementally build an architecture func-
tion. In this study we only apply the measurement part of DyAMM. Second,
the total number of checkpoints or indicators of DyAMM is 137. We regard this
number of measurement items as too large to handle in a survey. Instead of
asking whether these 137 indicators have been achieved, we created statements
that describe the different maturity levels per focus area. Since the initial level
is not described in DyAMM, we added statements for this level for each of the
focus areas. DyAMM measures the maturity of an EA practice in 17 focus areas.
Accordingly, the measurement model for EAM consists of 17 construct dimen-
sions (focus areas). Each dimension is measured on a maturity level ranging
from 0 to A, B, C or D. Table 6.2 illustrates that fifteen dimensions have four
levels, one dimension has three levels, and one dimension five. For 12 construct
dimensions we asked one question containing statements for each maturity level.
For Development of architecture we divided the statements over three questions.
For Alignment with realization, Implementation of the architectural role, Inter-
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action and collaboration, and Architectural tools we divided the statements over
two questions. In total we asked 23 questions to determine the maturity level per
construct dimension. Each question contains two to four statements.

Table 6.2: Measurement model for EAM

Construct dimen-
sion

Level 0 Level A Level B Level C Level D

Development of archi-
tecture

Initial Architecture is de-
veloped with a clear
focus on objectives

Architecture is devel-
oped in consultation
with the stakeholders

Architectures are de-
veloped as a cohesive
whole

-

Use of architecture Initial Architecture is infor-
mative

Architecture is pre-
scriptive

Architecture is aligned
with the decision-
making process

-

Alignment with busi-
ness strategy

Initial Architecture is related
to business objectives

Architectural process
is steered by the busi-
ness objectives

Architecture is an
integral part of the
strategic dialogue

-

Alignment with real-
ization

Initial Ad hoc Structural Interactive -

Relationship to the
as-is state

Initial Attention to the as-is
state

Future and existing
situations are viewed
in connection

- -

Responsibilities and
authorities

Initial Responsibility for ar-
chitecture as a prod-
uct has been assigned

Management is re-
sponsible for the ar-
chitectural process

Senior management
is responsible for the
effect of architecture

-

Alignment with
change portfolio

Initial Steering the content of
individual projects

Coordination between
projects

Strategic portfolio
management

-

Monitoring Initial Reactive monitoring Proactive monitoring Fully incorporated
monitoring

-

Quality assurance Initial Explicit quality review Quality assurance pro-
cess has been set up

Fully incorporated
quality assurance pol-
icy

-

Management of the
architectural process

Initial Management is inci-
dentally executed

Management proce-
dures have been set
up

Continuous process
improvement

-

Management of the
architectural products

Initial Management is inci-
dentally executed

Management proce-
dures have been set
up

Presence of a manage-
ment policy

-

Commitment and mo-
tivation

Initial Allocation of budget
and time

Architecture is ac-
knowledged as a man-
agement instrument

Architecture is ac-
knowledged as a
strategic issue

-

Implementation of the
architectural role

Initial Role has been recog-
nized

Role has been detailed Role is supported Role is
appreci-
ated

Architectural method Initial Ad hoc Structural Fully incorporated -

Interaction and collab-
oration

Initial Collaboration between
architects

Involvement of the
stakeholders

Shared ownership -

Architectural tools Initial Ad hoc and product-
oriented

Structural and
process-oriented

Integration of tools -

Budgeting and plan-
ning

Initial Ad hoc Structural Optimizing -

The way we measure EAM is the same as the measurement of maturity in
DyAMM, which is based on a step-by-step approach. The first step toward EA
maturity starts by reaching level A in three areas: Development of architecture,
Alignment with business strategy, and Commitment and motivation. Once a start
has been made on these areas, then focus on obtaining level A in the Use of
architecture, Alignment with realization, and Interaction and collaboration. In
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effect, the levels for all 17 construct dimensions can be comparatively ranked in
a similar manner. The resulting set of interdependencies is represented by Table
6.3 [202].

Table 6.3: EAM, describing 17 construct dimensions with different maturity levels
for each construct dimension

Construct dimension 0 1 2 3 4 5 6 7 8 9 10 11 12

Development of architecture A B C

Use of architecture A B C

Alignment with business strategy A B C

Alignment with realization A B C

Relationship to the as-is state A B

Responsibilities and authorities A B C

Alignment with change portfolio A B C

Monitoring A B C

Quality assurance A B C

Management of the architectural process A B C

Management of the architectural products A B C

Commitment and motivation A B C

Implementation of the architectural role A B C D

Architectural method A B C

Interaction and collaboration A B C

Architectural tools A B C

Budgeting and planning A B C

The columns within Table 6.3 represent increasing scales of maturity. The
rows contain the 17 construct dimensions. The letters in the matrix represent
the levels of maturity for each construct dimension. Step by step improvement of
maturity is done by moving left to right through the matrix. A scale of maturity
is achieved when all the levels at that scale and all previous scales have been
attained. The scores on all construct dimensions together determine the scale of
maturity that has been achieved, ranging from 0 to 12 where 0 is the lowest scale
of maturity and 12 the highest. Table 6.4 contains an example to demonstrate
the measurement of EAM. Each of the construct dimensions in Table 6.4 has
achieved a certain level of maturity, indicated by the grey fields. For example,
Development of architecture is at level B. EAM is determined by looking at the
first column where a letter is not colored grey. This is the “A” in column 2 for
Interaction and collaboration, which indicates that this construct dimension has
not yet reached maturity level A. This means that in this example column 1 has
been achieved, so EAM is 1.

To summarize, we measure EAM according to the scales of maturity of DyAMM.
Whenever we refer to “EA maturity”, “EAM”, or “the maturity of an EA prac-
tice”, this should be read as “EA maturity according to DyAMM”, “EAM ac-
cording to DyAMM”, or “the maturity of an EA practice according to DyAMM”
respectively.
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Table 6.4: Example of how to determine the overall EA maturity

Construct dimension 0 1 2 3 4 5 6 7 8 9 10 11 12

Development of architecture A B C

Use of architecture A B C

Alignment with business strategy A B C

Alignment with realization A B C

Relationship to the as-is state A B

Responsibilities and authorities A B C

Alignment with change portfolio A B C

Monitoring A B C

Quality assurance A B C

Management of the architectural process A B C

Management of the architectural products A B C

Commitment and motivation A B C

Implementation of the architectural role A B C D

Architectural method A B C

Interaction and collaboration A B C

Architectural tools A B C

Budgeting and planning A B C

Measurement DQ and OQ

DQ and OQ are based on the quality attributes in Figure 6.2 and measured in
a formative mode by eight respectively six items. The items are measured by
means of a five-point Likert scale (1 = never, 2 = seldom, 3 = about half the
time, 4 = often, 5 = always). Table 6.5 provides an overview of the measurement
items for DQ, Table 6.6 for OQ.

Table 6.5: Measurement items for DQ with corresponding quality attributes and
factor loadings

Measurement item Quality attribute λ

DQ1 When IT investment decisions are made in my orga-
nization, the desired outcomes of IT investments are
determined

Availability of desired outcomes 0.768

DQ2 When IT investment decisions are made in my organi-
zation, the concerns of stakeholders are carefully consid-
ered

Availability of stakeholder con-
cerns

0.673

DQ3 When IT investment decisions are made in my organiza-
tion, the contribution to strategic, long-term objectives
is considered

Compliance with strategic, long-
term objectives

0.580

DQ4 When investment decisions are made in my organization,
due dates are set for IT investments

Availability of due dates 0.679

DQ5 IT investment decisions in my organization are made on
a timely basis

Timeliness of the decision 0.725

DQ6 When IT investment decisions are made in my organiza-
tion, budgets are determined for IT investments

Availability of budgets 0.681

DQ7 When IT investment decisions are made in my organiza-
tion, all relevant information is available

Availability of relevant informa-
tion

0.589

DQ8 When IT investment decisions are made in my organiza-
tion, all relevant information is used

Degree of use of relevant informa-
tion

0.586
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Table 6.6: Measurement items for OQ with corresponding quality attributes and
factor loadings

Measurement item Quality attribute λ

OQ1 The desired outcomes of IT investments are achieved in
my organization

Achievement of desired outcomes 0.751

OQ2 Stakeholders are satisfied with the final outcomes of IT
investments in my organization

Satisfaction with desired out-
comes

0.685

OQ3 The final outcomes of IT investments contribute to
strategic, long-term objectives in my organization

Compliance with strategic, long-
term objectives

0.590

OQ4 The due dates for IT investments are achieved in my
organization

Completion within due dates 0.688

OQ5 IT investments in my organization are implemented on a
timely basis

Timeliness of the implementation 0.718

OQ6 IT investments in my organization are on budget Completion within budget 0.748

DQ is computed based on the sum of eight individual measurement items DQ1
till DQ8. OQ is computed based on the sum of the six individual measurement
items OQ1 till OQ6. The factor loadings in the Tables 6.5 and 6.6 demonstrate
sufficient indicator reliability of DQ and OQ meaning that DQ and OQ are solid
factors.

Measurement of moderators

Three moderators are measured: type of decision-maker, economic sector and
size of organization. Regarding the type of decision-maker, we asked partici-
pants in the first part of the survey who makes the final decision to approve IT
investment decisions. Based on the answer to this question, participants were
classified as either business only, IT only and business and IT jointly. Regarding
economic sector, we asked to what economic sector the organization of the par-
ticipant belongs. Public administration (including defence) and Education and
research are considered as public; the other sectors as non-public. With regard
to the size of organizations, we asked participants for the headcount of their or-
ganization. We consider organizations with more than 5,000 employees as large;
all other organizations as small or medium. Both questions on economic sector
and organizational size were part of the sixth and last set of the survey.

Data collection

Data were collected by means of a questionnaire. The target population of the
survey is defined as “all people working in commercial or public organizations
(either as internal employees or external consultants) who in a professional ca-
pacity have to deal with EA as an EA developer, EA user, or EA implementer”.
The EA developer is the role that develops EA artifacts, either as an enterprise
architect, domain architect, EA manager, or external EA consultant. The EA
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user is the role that uses EA artifacts in making decisions on the design of the
future organization, e.g., as a C-level executive, business manager, IT manager,
information manager, or portfolio manager. The EA implementer is the role that
applies EA artifacts in projects, e.g., as a project manager, solution architect,
software architect, business analyst, information analyst, or developer. The unit
of analysis of this study is the individual worker, who is asked about his or her
perceptions on the maturity of the EA practice and the quality of IT investment
decisions and their outcomes. We followed the principles of survey research from
Kitchenham and Pfleeger [160, 102, 103, 104, 105, 106].

The development of the survey underwent several iterations. Originally, the
survey was developed by the first author of the corresponding article and im-
proved in several iterations with the other authors [19]. Then a web version of
the survey was created which was tested for reliability and validity in two itera-
tions. In a first iteration, the survey was tested by 13 experienced EA developers,
EA users, and EA implementers. Six of them provided feedback by email. Seven
participants were asked to think aloud when answering the questions in the pres-
ence of one of the researchers who took notes. The participants were asked to
fill in the survey and provide feedback on a) the clarity of the questions: identify
missing or unnecessary questions, ambiguous questions, and instructions, b) the
questions that could not be answered due to a lack of knowledge, or because one
could not remember anymore, c) how much time it took to complete the survey,
and d) any suggestions for improvement. Based on the feedback the survey and
instructions were improved for clarity, consistency, and comparison reasons. The
most important improvement was to adjust questions on EA maturity. Origi-
nally, we had one question per focus area containing three to five statements per
maturity level depending on the number of maturity levels per focus area. Based
on the feedback of participants we subdivided certain questions into two or even
three further questions because some statements were ambiguous; they included
different topics in one statement. Because of this rather fundamental adjustment
we conducted a second test with two participants. These participants were also
asked to think aloud. The results of this test led to some small adjustments.

A special issue that we had to overcome was the timeframe. According to
Kitchenham and Pfleeger [103], you may get inaccurate responses if you ask
people about events that happened long ago in the past. In our case we had to
ask questions about completed IT investment decisions. For larger IT investment
decisions, it can take years to complete implementation. What can participants
remember from these decisions and how accurate will the answers be? As a
first measure we did not ask for the quality of a particular decision, but for the
quality of the decisions that were implemented recently. Secondly, we asked the
test participants how confident they were about their answers on the questions on
EA maturity as well as on IT investment decisions. Overall, they acknowledged
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that they were confident.
The final questionnaire contained 54 questions and was created in Survey-

Monkey. At any time during the survey session, respondents could see what
percentage of the questions they had filled in, encouraging them to complete it.
Furthermore, we offered participants the possibility to provide their email address
if they wanted to receive the results of the survey.

Our survey is unsupervised; i.e., the target group was invited by email to fill in
a questionnaire that was sent as a link to a survey tool [160]. All survey questions
explicitly referred to the current (or latest) organization in which the respondents
worked, for example because they were an employee or because they were em-
ployed there as an external consultant. The terms “enterprise architecture” and
“IT investment decision” were defined at the beginning of the questionnaire. In
the remainder of the questionnaire several other terms were explained. We ap-
plied different exclusion criteria. At first, we excluded submissions that were not
completed. Secondly, we excluded submissions in which respondents answered
that they did not deal with EA. We did not ask the respondents for experience,
title, certifications and training. Since we aimed at different groups of respon-
dents (EA developers, EA users, and EA implementers) we found these data of
less value to use as exclusion criteria. Finally, submissions were excluded that
contained inconsistent answers. Submissions are considered inconsistent if a) the
number of enterprise architects is greater than the total number of architects, b)
the respondent is accountable for IT investment decisions and at same time not
a user of EA, and c) the EA practice was established less than one year ago in
combination with an EA maturity on a scale of four or more or if the EA practice
was established less than two years ago in combination with an EA maturity on
a scale of seven or more.

Due to the lack of registers with EA developers, EA users, or EA imple-
menters, we used a non-probability sample, i.e., a sample that has not been
selected using a random selection method. As a consequence, some units are
more likely to be selected than others [12]. When targeting on EA developers,
EA users and EA implementers, we lowered the risk of not being selected by using
some well-known networks to distribute our survey. We concentrated most of our
efforts on the Netherlands. We used the following Dutch networks: NAF (Dutch
architecture forum), CIO-platform (Dutch CIO organization), KNVI (Dutch com-
puter society), LAC (annual Dutch architecture conference), and the network of
one of the architectural thought leaders in the Netherlands. These networks at-
tracted the attention of their members to the survey by newsletters or dedicated
emails. Since the survey was drafted in English our survey was also advertised
on social media. Some international thought leaders on EA forwarded the link
to the survey to their networks. Furthermore, some international networks dis-
tributed the survey: an international IT service provider and IFIP. The data were
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collected between June 2017 and August 2017. The survey and the raw data are
available at https://github.com/bergmart/EA-and-IT-investments.

In total 260 respondents started the survey from which 173 completed the
survey. After applying the exclusion criteria 166 surveys remained. Because of
missing values, we excluded another 24 submissions. In the end we had 142
cases at our disposal. As the survey was distributed to unconfined users, an
immediate response rate cannot be calculated. Therefore, we conducted a power
analysis using G*Power 3 software [61]. Given our research model, and with
type-1 error probabilities set to α < 0.05, a sample size of N=123 was required to
reach sufficient statistical power (1 − β error probability > 0.80) for effect sizes
of f2 > 0.15 (medium) [40]. This implicates that our sample size (N=142) is
adequate.

Focus groups

We discussed the results of the survey in three focus groups. The focus groups
were used as an ex-post method to aid in interpreting the survey results [209]. The
members of the focus groups were experienced EA developers, EA users, and EA
implementers, with an average of 20 years’ experience with EA. The first group
consisted of two EA consultants and one CIO. The second group had one EA
consultant, three enterprise architects, one information manager, two managers
of CIO offices and one project manager, all from different organizations. The last
focus group had eight members from the same organization, two of them acting
as IT manager, two as information manager, two as enterprise architect, one as
information analyst, and one as information security coordinator. A standard
procedure was used to achieve a high level of comparability across groups [140].
In order to stimulate independent thinking, we asked the focus group members
to individually brainstorm and write down their explanations before discussing
these in the group [209]. The focus group meetings lasted about two hours, were
recorded, and transcribed. Regarding the use of the results of the focus groups,
we both quote individuals and provide information about the group interaction.
For the latter we used “lead-ins” to set the stage for a quotation and “follow-outs”
to extend the context for a quotation [140].

6.4 Results

We presented our hypotheses in the previous Section. We also discussed how we
measure the constructs EA maturity and the quality of IT investment decisions.
In this Section we present the results of this study. The first subsection contains
the descriptives and discusses the representativeness of our data. Next, we discuss
the results of EAM, DQ, and OQ. In the third subsection we present the tests of
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our hypotheses. We then provide insights into differences per stakeholder group
in the fourth subsection. Finally, we discuss the validity and reliability of the
research model.

6.4.1 Descriptives and Representativeness

Tables 6.7 and 6.8 illustrate the division of respondents over the target popula-
tion. Respondents can have multiple roles regarding both EA and IT investment
decisions. From Table 6.7 we conclude that the different groups are sufficiently
represented with regard to EA. Compared with Plessius et al. [161], relatively
more EA developers participated and relatively fewer EA users. It should be
noted that respondents were excluded who answered that they did not deal with
EA.

Table 6.7: Distribution of respondents over target population (more than one
answer possible)

Role with regard to EA Number of respondents Percentage of respondents

Developer of EA artifacts (e.g. enterprise
architect, domain architect, EA-manager,
external EA consultant)

123 51.5

User of EA artifacts (e.g. C-level executive,
business manager, IT manager, information
manager, portfolio manager)

51 21.3

Implementer of EA artifacts (e.g. project
manager, solution architect, software archi-
tect, business analyst, information analyst,
developer)

65 27.2

Total 239 100

From Table 6.8 we conclude that more than 80% of the respondents are ac-
tively involved in IT investment decisions, either because they are accountable,
responsible or consulted.

Table 6.8: Distribution of respondents over target population (more than one
answer possible)

Role with regard to IT investment de-
cisions

Number of respondents Percentage of respondents

Accountable (approves IT investment deci-
sions)

13 5.3

Responsible (prepares IT investment deci-
sions)

77 31.6

Consulted (consulted in the preparation of
IT investment decisions)

105 43.0

Informed (informed about IT investment
decisions)

44 18.0

No role 5 2.1

Total 244 100
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Figure 6.4 shows who makes the final decision to approve IT investment deci-
sions in the participants’ organizations. Multiple answers were possible. Similar
to Weill and Ross [227], more business than IT representatives decide on IT
investments.

Figure 6.4: Decision-makers of IT investment decisions (more than one answer
possible)

Respondents are from different economic sectors as is shown in Figure 6.5.
Compared with previous surveys of Lange et al. [117], Aier [3], Foorthuis et al.
[65], and Plessius et al. [161], we can see some differences. In contrast to Lange
et al. [117] and Aier [3], but in line with Foorthuis et al. [65] and Plessius et al.
[161] the public sector is well represented. This is consistent with the fact that
the public administration sector in the Netherlands is large [65]. The finance
and insurance sector is less represented compared with the studies mentioned.
In these studies, this sector counted for about 30% of all respondents. A reason
for this difference might be that the application of EA has become more popular
in sectors other than finance and insurance. Compared with the distribution of
visitors of the annual LAC (Dutch architecture conference with about 400 visitors
per year) from 2013 to 2016, finance and insurance counts for about 15% of all
visitors, which is more in line with our distribution. All in all, it is reasonable
to assume that the division over economic sectors is a good representation of
organizations applying EA.

The distribution over organizational size in Figure 6.6 is in line with the sur-
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Figure 6.5: Distribution of respondents over economic sector

veys of Aier [3], Plessius et al. [161], and Foorthuis et al. [65] where organizations
with a headcount of more than 5,000 employees are in the majority.

Regarding the distribution of respondents over organizations, we asked the
respondents for which organization they were going to respond to the questions.
110 of 142 participants answered this question, which was not mandatory. From
this question we know that at least 17 questionnaires refer to the same orga-
nization, which is 12% of the total number of questionnaires. The majority of
the respondents come from the Netherlands: 62%. The other 38% are from 21
different countries around the world. Finally, we asked the respondents for the
life span of their EA practice. By life span we refer to the number of years ago
that the EA practice was first established. Figure 6.7 contains the distribution
of respondents over the life span.

The respondents work in organizations that have established their EA practice
on average 4.5 years ago. Compared with Plessius et al. (2014), the number of
years of experience with EA is considerably lower. In Plessius’ study about 34%
of respondents work in organizations with more than 10 years of experience with
EA, compared to about 23% in our study.
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Figure 6.6: Distribution of respondents over organizational size

Figure 6.7: Distribution of respondents over the life span of their EA practice
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6.4.2 EA Maturity and Quality of IT Investment Decisions

Based on the research methodology in Section 6.3, we can now calculate the EAM,
DQ, and OQ. This subsection contains the results. The EAM is determined based
on 23 different questions. As a result, each submission is plotted in the matrix
as in Table 6.4. This allows us to determine the scale of maturity that has been
achieved. Figure 6.8 contains the distribution of EAM of this study. Almost half
of all cases are still at EA maturity scale 0. Only seven out of 142 cases are at
EA maturity scale 5 or higher.

Figure 6.8: Distribution of enterprise architecture maturity

Table 6.9 contains the distribution of cases over maturity levels per construct
dimension. E.g., 36.6% of all cases are on the initial maturity level for Develop-
ment of architecture, 2.8% are on level A, etcetera. What stands out is that one
of the construct dimensions that require early attention, Development of architec-
ture with an “A” in column 1 in Table 6.3, has a comparatively high percentage
that is still on the initial level, compared to Alignment with business strategy,
and Commitment and motivation. This explains why so many cases are still at
scale 0. Another finding from Table 6.9 is that certain maturity levels of certain
construct dimensions are hard to attain. In particular, level A of Development of
architecture, level B of Alignment with realization, level B of Implementation of
the architectural role, and level B of Interaction and collaboration. These matu-
rity levels contain a relatively low percentage of cases compared to other maturity
levels. To achieve the “A” in Development of architecture, “EA artifacts should
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be developed as a targeted activity with a clear client. The client is the one who
commissions the creation of EA artifacts and benefits from the insights these ar-
tifacts provide”. Apparently, this is a hurdle that is difficult to take. To achieve
the “B” in Alignment with realization, “the staff in development and operations
must be fully aware of EA principles and guidelines. Compliance with these
principles and guidelines is a standard part of the change process”. This ap-
pears to be another obstacle. The “B” in Implementation of the architectural
role refers to the architecture role that “has been formalized in our organization
in terms of roles and responsibilities”. The “B” in Interaction and collaboration
relates to “architects who form a team and collaborate with each other and with
stakeholders”.

Table 6.9: Distribution of cases in percentages over maturity levels per construct
dimension

Construct dimension Level 0 Level A Level B Level C Level D

Development of architecture 36.6 2.8 13.4 47.2

Use of architecture 16.2 42.3 32.4 9.2

Alignment with business strategy 19.7 36.6 31.0 12.7

Alignment with realization 15.5 64.8 4.2 15.5

Relationship to the as-is state 8.5 41.5 50.0

Responsibilities and authorities 16.9 27.5 31.7 23.9

Alignment with change portfolio 22.5 37.3 20.4 19.7

Monitoring 38.7 17.6 27.5 16.2

Quality assurance 29.6 47.2 20.4 2.8

Management of the architectural process 16.2 49.3 27.5 7.0

Management of the architectural products 9.2 60.6 26.8 3.5

Commitment and motivation 16.9 35.2 24.6 23.2

Implementation of the architectural role 9.2 43.0 7.7 26.8 13.4

Architectural method 26.1 40.1 27.5 6.3

Interaction and collaboration 16.2 42.3 8.5 33.1

Architectural tools 21.8 53.5 16.2 8.5

Budgeting and planning 40.1 41.5 14.8 3.5

Table 6.10 contains the medians of the measurement items that make up DQ
and OQ. The medians of DQ’s measurement items show higher values as com-
pared to OQ’s measurement items. Table 6.11 contains the mean and standard
deviation of DQ and OQ. From Table 6.11 we learn that the quality of the IT
investment decisions is on average higher than the quality of the IT investment
decision outcomes.

6.4.3 Test Hypotheses

The scores on EAM, DQ, and OQ are needed to test our hypotheses H1-H6.
We applied multiple linear regression analysis on the 142 cases to test these hy-
potheses and used IBM SPSS Statistics, version 24. SPSS Statistics is a software
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Table 6.10: Medians of measurement items DQ and OQ

Measurement item Median

DQ1 When IT investment decisions are made in my organization, the desired out-
comes of IT investments are determined

4.00

DQ2 When IT investment decisions are made in my organization, the concerns of
stakeholders are carefully considered

4.00

DQ3 When IT investment decisions are made in my organization, the contribution
to strategic, long-term objectives is considered

3.00

DQ4 When investment decisions are made in my organization, due dates are set for
IT investments

4.00

DQ5 IT investment decisions in my organization are made on a timely basis 3.00
DQ6 When IT investment decisions are made in my organization, budgets are deter-

mined for IT investments
4.00

DQ7 When IT investment decisions are made in my organization, all relevant infor-
mation is available

3.00

DQ8 When IT investment decisions are made in my organization, all relevant infor-
mation is used

3.00

OQ1 The desired outcomes of IT investments are achieved in my organization 3.00
OQ2 Stakeholders are satisfied with the final outcomes of IT investments in my or-

ganization
3.00

OQ3 The final outcomes of IT investments contribute to strategic, long-term objec-
tives in my organization

3.00

OQ4 The due dates for IT investments are achieved in my organization 3.00
OQ5 IT investments in my organization are implemented on a timely basis 3.00
OQ6 IT investments in my organization are on budget 3.00

Table 6.11: Mean and Standard deviation of DQ and OQ

Statistics M SD

DQ Overall quality of IT investment decisions 3.47 0.721
OQ Overall quality of IT investment decision outcomes 3.09 0.621

package for statistical analysis.
Table 6.12 contains the standardized beta coefficients of the hierarchical re-

gression analysis in which five consecutive regression steps were performed with
OQ as the dependent variable. EAM and the moderators were centered. In the
first step of the regression analyses we only included the number of years of the
EA practice as a possible confounding variable. In the second analysis we added
the EAM. In the third step we added the moderators. In the fourth step the
interaction terms for the moderators were added and finally, in the fifth step DQ
was added. The effect of EAM on DQ was tested in a separate linear regression
analysis with EAM, the moderators, the interaction terms for the moderators,
and the number of years of the EA practice as independent variables and DQ as
dependent variable. Table 6.13 contains the standardized beta coefficients of this
analysis. The main results are visualized in Figure 6.9.

The first hypothesis states that there is a positive relationship between the
maturity of the EA practice (EAM) and the quality of the IT investment decision
outcomes (OQ). Regression-4 in Table 6.12 contains the results of the test of this
hypothesis. We found a positive relationship between EAM and OQ (β = 0.247
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Table 6.12: Beta values of predictors and control variables of OQ after hierarchical
regression analyses

Predictor variable Regression-
1

Regression-
2

Regression-
3

Regression-
4

Regression-
5

Number of years of EA practice 0.225∗∗ 0.165∗ 0.193∗ 0.187∗ -0.025
EAM 0.276∗ 0.270∗ 0.247∗ 0.043
Business vs. IT 0.366∗ 0.306 0.195
Business and IT vs. IT 0.218 0.200 0.082
Public vs. Non-public 0.054 0.042 -0.017
Large vs. Small and Medium -0.021 -0.006 -0.008
Interaction EAM-Public vs. Non-public -0.104 -0.048
Interaction EAM-Large vs. Small and Medium 0.049 0.020
Interaction EAM-Dummy Business -0.140 -0.080
DQ 0.769∗∗∗

R2 0.051 0.123 0.166 0.188 0.646
∗p < 0.05,∗ ∗p < 0.01,∗ ∗∗p < 0.001

Table 6.13: Beta values of predictors and control variables of DQ after regression
analysis

Predictor variable Regression

EAM 0.273∗∗

Business vs. IT 0.177
Business and IT vs. IT 0.163
Public vs. Non-public 0.087
Large vs. Small and Medium 0.005
Number of years of EA practice 0.277∗∗

R2 0.219
∗p < 0.05,∗ ∗p < 0.01,∗ ∗∗p < 0.001

and p < 0.05). The maturity of an EA practice is positively correlated with the
quality of IT investment decision outcomes. H1 is thus approved.

The second hypothesis reads: there is a positive relationship between the
maturity of the EA practice and the quality of the IT investment decisions. To
test this hypothesis, we conducted a separate regression analysis with EAM as
the independent and DQ as dependent variable. Table 6.13 demonstrates that
we found a positive relationship between these two variables (β = 0.273 and
p < 0.01). The maturity of an EA practice is positively correlated with the
quality of IT investment decisions. H2 is approved.

The third hypothesis states that the relationship between the maturity of the
EA practice (EAM) and the quality of the IT investment decision outcomes (OQ)
is mediated by the quality of the IT investment decisions (DQ). The first two steps
to test this hypothesis have been taken in testing the first and second hypothesis.
We found a positive relationship between EAM and OQ (β = 0.247 and p < 0.05)
and between EAM and DQ (β = 0.273 and p < 0.01). Regression-5 in Table 6.12
contains the outcomes of step three and four. Step three demonstrates that there
is a strong positive relationship between DQ and OQ (β = 0.769 and p < 0.001).
Step four shows that the relationship between EAM and OQ is greatly reduced
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public
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**  :  p < 0.01
*    :  p < 0.05

Figure 6.9: Empirical model with results of regression analyses

after the addition of the mediator DQ (β from 0.247 to 0.043). The value of
0.043 is not significant, which is exactly what is required for mediation according
to Baron and Kenny [10]. This all means that there is strong evidence for a
single dominant mediator, which in this case is DQ. We conclude that the path
from EAM to OQ goes via DQ. This implies that the relationship between the
maturity of an EA practice and the quality of IT investment decision outcomes
is almost perfectly mediated by the quality of IT investment decisions.

We performed the Sobel test statistic in order to analyze whether DQ is a
mediator that significantly carries the relation between EAM and OQ. We used
an online calculator for measuring the significance of the mediation by means of
the unstandardized beta coefficients and their standard errors [165]. The test
returned a highly significant mediation of DQ. Hence, H3 is also significantly
supported as mediating the relation between EAM and OQ in the form of a
mediation effect. H3 is thus approved.

The fourth hypothesis states that the type of decision-maker moderates the
relationship between EAM and OQ. We distinguished three types of decision-
makers: business only, IT only, and business and IT jointly. We tested the
business-only group and the business-IT-jointly group against the IT-only group
and used dummy variables for this test. As can be seen in Table 6.12 the mod-
erator Interaction EAM-Dummy Business in regression-5 is not significant. The
moderator Interaction EAM-Dummy Business and IT was excluded because it

123



Chapter 6.

was highly correlated (-0.881) with the moderator Interaction EAM-Dummy
Business. Both H4.1 and H4.2 are rejected. This seems to indicate that the
relationship between the maturity of an EA practice and the quality of the IT
investment decision outcomes is not significantly different between organizations
where only business people make IT investment decisions, organizations where
business and IT jointly make IT investment decisions, and organizations where
IT-people only make IT investment decisions.

The fifth hypothesis states that the relationship between EAM and OQ is
moderated by economic sector. Regression-5 in Table 6.12 demonstrates that
the moderator Interaction EAM-Public vs. Non-public is not significant. H5
is thus rejected, meaning that the relationship between the maturity of an EA
practice and the quality of the IT investment decision outcomes is not significantly
different between public organizations and non-public organizations.

For hypothesis six, organization size was tested as a possible moderator of
the effect of EAM on OQ. Regression-5 in Table 6.12 demonstrates that the
moderator Interaction EAM-Large vs. Small and Medium is not significant.
H6 is thus rejected. This means that the relationship between the maturity of
an EA practice and the quality of the IT investment decision outcomes is not
significantly different between large organizations on the one hand and small and
medium organizations on the other.

The life span of an EA practice is a possible confounding variable. We tested
to what extent the number of years of an EA practice has a positive effect on
OQ. Regression-5 in Table 6.12 shows that the Number of years EA practice is
not significant. From this we conclude that there is no confounding effect from
the life span of an EA practice.

Several assumptions underlying the regression model were evaluated. The
Durbin-Watson value in our study is 2.16, which indicates a low positive cor-
relation, but the value is between 1 and 3 and close to 2 which is not a cause
for concern [62]. We tested multicollinearity by means of the variance inflation
factor (VIF). VIF never increases the value of 10 which proves the absence of
multicollinearity. The tolerance statistic confirms this outcome. A tolerance be-
low 0.1 indicates a serious problem; a tolerance below 0.2 indicates a potential
problem. The tolerance of all predictors is above 0.2. Finally, we checked for ho-
moscedasticity by observing the data in a plot of standardized residuals against
standardized predicted values. All points are randomly dispersed throughout the
plot, which is indicative of a situation in which the assumptions of linearity and
homoscedasticity have been met [62].

We measured the overall EA maturity by means of the maturity on 17 different
construct dimensions as explained in Section 6.3.2. We conducted an exploratory
analysis to determine which of these construct dimensions had the most effect on
the quality of IT investment decisions. We therefore performed multiple linear
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regression with all 17 construct dimensions of EAM as independent variables and
DQ as dependent variable. This analysis demonstrated that only two construct
dimensions subsequently show significant relationships with the quality of IT
investment decisions. Relationship to the as-is state (β = .26 and p < 0.05) and
Monitoring (β = .21 and p < 0.05).

6.4.4 Stakeholder Analysis

Having analyzed the relationship between EAM, DQ, and OQ, we now examine
differences in perceptions by different stakeholder groups. As indicated in Tables
6.7 and 6.8 we collected data on the role of respondents with regard to EA
and IT investments. Table 6.14 and Figures 6.10 and 6.11 contain the EAM as
well as the means of DQ and OQ per stakeholder group. From Table 6.14 we
learn that all stakeholder groups share largely congruent views on DQ and OQ.
This is rather surprising since respondents who are accountable and responsible
for IT investment decisions could be biased towards more optimistic views on
DQ and OQ compared to those respondents who are consulted and informed.
Table 6.14 demonstrates that this is not the case. Figure 6.10 indicates that
EA developers, as expected, are slightly more optimistic about EAM than EA
users and EA implementers. Figure 6.11 provides insight into the perception of
EAM according to IT investment stakeholder groups: stakeholders who are only
informed about IT investment decisions perceive EAM considerably lower than
the other respondents.

Table 6.14: Statistics per stakeholder group

EA devel-
oper

EA user EA imple-
menter

Accountable
for IT-inv.

Responsible
for IT-inv.

Consulted
on IT-inv.

Informed
on IT-inv.

N 123 51 65 13 77 105 45
DQ-mean 3.477 3.546 3.410 3.520 3.431 3.474 3.536
OQ-mean 3.100 3.092 3.064 3.000 2.985 3.098 3.173

6.4.5 Validity and Reliability

We evaluated our theoretical model in terms of content validity, face validity,
construct reliability, construct validity, indicator reliability, and data normality.

Content validity was ensured upfront by using existing models and literature
to create the theoretical model and develop the constructs. As explained before,
the content validity and face validity were also tested by 15 experienced EA
developers, EA users, and EA implementers; all members of the target population
of our survey. Based on their comments we adjusted the survey to ensure that it
includes everything it should and nothing that it should not [104].
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Figure 6.10: Distribution of enterprise architecture maturity over EA stakeholder
groups

Regarding construct reliability we used Cronbach’s Alpha to test the internal
consistency of our constructs [104]. The Cronbach’s Alpha for EAM, DQ, and
OQ are 0.91, 0.89, and 0.86, respectively. The desirable values of Cronbach’s
Alpha are in the magnitude of 0.7 or 0.8 [62]. The Cronbach’s Alpha values for
our constructs all exceed 0.8, which confirms the reliability of the constructs.

We tested the validity of DQ and OQ with principal component analysis
(PCA) and with varimax rotation [62]. The Kaiser-Meyer-Olkin of 0.92 demon-
strates that we have a sufficient high sample to perform a PCA [62, 86]. Bartlett’s
test of sphericity was significant, which indicates that our variables demonstrate a
sufficiently high correlation to perform a PCA. Two components had eigenvalues
greater than Kaiser’s criterion of 1 and together explain 59.4% of the variance.
The factor loadings of these components suggest that the first component is rep-
resented by DQ and the second component by OQ. Tables 6.5 and 6.6 contain
the factor loadings after rotation. It should be noted that we did not perform a
PCA on the variables underlying EA maturity since we adopted an existing mea-
surement model based on DyAMM that is scientifically evaluated and proven in
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Figure 6.11: Distribution of enterprise architecture maturity over IT investment
stakeholder groups

practice [203, 205].
Indicator reliability was tested by means of factor loadings. The Tables 6.5

and 6.6 demonstrate that both DQ and OQ have five or more strongly loading
items (λ = .50 or better). This indicates that DQ and OQ are solid factors [155].

As a final test, we assessed the data for normality by using a sample moment
test of skewness and kurtosis statistics. This analysis confirmed that relevant
thresholds (skewness < 2 and kurtosis < 7) were not exceeded [207]. The values
for EAM (skewness of 1.481 and kurtosis of 2.846) are rather high but remain
within the thresholds.

6.5 Discussion

After the presentation of the results in the previous Section, we now discuss the
main findings of this study. As indicated in Section 6.3.2, we had three focus
groups that were used as an ex-post method to aid in interpreting the results of
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this research. In the first two subsections we discuss whether our main constructs
(EAM, DQ, and OQ) provide a solid basis to test our hypotheses. In the last
subsection we elaborate on the hypotheses.

6.5.1 Enterprise Architecture Maturity

This research demonstrates that the overall EAM is still low. However, compared
with an earlier study of Van Steenbergen et al. [205], the overall EAM improved
considerably as is shown in Figure 6.12. This comparison must be considered with
some caution. Van Steenbergen et al. [205] collected data from 56 assessments
conducted in the context of the DyA program over the period 2005 to 2008. These
assessments were independent assessments performed by DyAMM experts who
assessed end-user organizations as well as self-assessments executed in the context
of courses or workshops. In our study, only self-assessments were carried out by
the respondents of the survey. Another difference is that we used another set of
questions to determine the EAM compared to the original list of checkpoints of
DyAMM.

Figure 6.12: Comparison enterprise architecture maturity according to DyAMM
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Compared to other studies, the rather low EAM is unsurprising. The EA func-
tion is concerned with the design of the future organization, which is a complex
undertaking [121, 72]. Roeleven [179] found that two-thirds of EA projects fail.
Banaeianjahromi and Smolander [9] identified many obstacles in EA development
with lack of communication and collaboration as the main ones. Nikpay et al.
[146] found different critical success factors that need attention to implement EA
successfully.

We discussed the findings on EAM in the focus groups to obtain confirmation
of the representativeness of the scores. At the start, there was disbelief about
the results: ‘I am surprised that almost 50% is zero. I find that amazing ’. When
DyAMMwas explained once more, most focus group members were less surprised,
although they found it disappointing: ‘I am deeply disappointed when I see this.
But it is true; I think that’s how the model works. Apparently, according to the
model, a number of basic things are forgotten at many companies ’. A possible
explanation for the final overall EA maturity was also put forward: ‘If you look at
the maturity of architecture, there is a lot to be done for that and it has to be very
broad ’, ‘There are also dependencies with other disciplines that you should pay
attention to. For example, portfolio management ’, and ‘It is a young profession
that has an impact on the entire organization’. It was also acknowledged that
EA is different from IT architecture: ‘Regarding IT, I see that architecture has
developed much further, but I still have to meet the real EA. EA is still in the
process of development. From that perspective, I recognize the results’.

Looking at the scores of the different construct dimensions underlying EAM, it
appeared that comparatively many cases fall short in Development of architecture,
which is one of the first areas to focus attention on. No less than 36.6% of all cases
are still on the initial level 0. Apparently, a lot of architecture is still developed
without a clear focus on objectives. Although the EA discipline is still young, this
is quite disappointing for a practice with thousands of practitioners worldwide
(the EA Network on LinkedIn has more than 165,000 members).

All in all, the results on EAM provide a solid basis to study the relationship
with the quality of IT investment decisions. Regarding the complexity of the
EA function, it is reasonable to expect that the overall EA maturity is still low,
although considerable progress has been made.

6.5.2 Quality of IT Investment Decisions

We compared the findings on DQ and OQ to some other sources and discussed
them in the focus groups. The focus group members in general found the results
on DQ too positive: ‘I wonder if it is not wishful thinking ’, ‘I think it’s a bit posi-
tive, I do not recognize this ’ and ‘I find it pretty positive, but cannot substantiate
it ’. Others were of the opinion that the findings on DQ are representative: ‘That
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it comes about halfway through, that is instinctively true’ and ‘My estimation
with this result is that I have very strong recognition. I do not think it is over
or underestimated ’. The majority of the members of the first two focus groups
are of the opinion that the OQ is too high: ‘My first reaction is that I find it
rather high because the number of successful IT projects is dramatically low ’, ‘I
had actually expected it to be even lower, 2.5 or so. Because many projects run
hugely over time with us’, ‘I think it is on the high side. In practice, we are not
doing everything we promised. This leads to a lot of disappointment ’, ‘What I
notice in a lot of projects is that they are being adjusted halfway through. Extra
money, or requirements that disappear halfway through the project. In the end, it
is always possible to deliver within time, budget and quality ’, ‘My first impression
is cognitive dissonance in these answers. It contains an overestimation of the
respondents’. Some members of the third focus group recognize the results ‘You
can see the standard story here: it often takes too long and costs too much’ and
‘It does reflect my expectation. It is not a strange outcome’.

Where focus group members are of the opinion that the results on DQ and OQ
are too positive, the sources with which we compared them confirm our findings.
According to the CHAOS report 2015 only 29% of projects were successful, i.e., on
time, on budget, and with a satisfactory result; 19% of all projects failed and 52%
were challenged [88]. When the categories “often” and “always” are considered
a success and the categories “never” and “seldom” a failure, the distribution
of our scores for the measurement items IT investments are implemented on
time, IT investments are within budget, and Stakeholders are satisfied with final
outcomes, are close to the figures of the CHAOS report [88]. We also compared
our results to a 2009 McKinsey survey of 2,207 executives about the quality
of strategic decisions. 28% of the executives said that the quality of strategic
decisions in their organization was good, 60% thought that bad decisions were
about as frequent as good ones, and the remaining 12% thought good decisions
were altogether infrequent [57]. The mean of this distribution corresponds with
the mean of the overall quality of IT investment decisions.

It can be concluded, that the results on DQ and OQ provide a solid basis to
study the relationship with EAM. Our results on DQ and OQ are in line with
other studies. The findings from the focus groups may be the result of group
interaction, given the differences in comments between the focus groups on OQ
[6].

6.5.3 Hypotheses

The main finding of this research is that EAM has a weak positive relationship
with OQ, where this relationship is almost perfectly mediated by DQ. This con-
clusion comprises two aspects that we discuss: the weak positive relationship and

130



An Empirical Investigation of the Relationship between Enterprise Architecture
Maturity and the Quality of IT Investment Decisions

the mediation effect.
An explanation for the weak positive relationship between EAM and OQ is

that OQ has relationships with many more variables than the ones we considered
in this study. This is not surprising as we are dealing with a wicked problem
[228]. Jurgens [92] identified no less than 80 different project or input variables
relevant to a project, like project management and skills of people involved. This
is in line with a remark made in one of the focus groups: ‘Apparently governance
is important. That helps in making well-informed decisions. And architecture is
just one of the functions that can contribute to well-informed decision-making ’.
We only included DQ, EAM, and the number of years of an EA practice in our
study. An all-encompassing study would be necessary containing all variables
that possibly could have a relationship with OQ, to test the correlation with DQ
and EAM. Another explanation for the weak positive relationship between EAM
and OQ, is that the EA discipline is still in its infancy and has not yet gained a
permanent place in decision-making processes. This is in contrast with one of the
claimed benefits of EA, namely improved decision-making. In practice, however,
this appears to be difficult as this study indicates. Some focus group members
share this concern: ‘It seems as if the quality of the architecture is insufficient,
but the knowledge and skills of the people who make the decisions are high and
this has a strong influence on the results of the projects. This calls for further
research; what do we actually do as architects and what is the quality of the
things we deliver related to the things we need as a company ’ and ‘It appears that
the architects are unable to provide the right information for effective decision-
making ’. In the end the question remains ‘what do you have to do as an architect
to better connect with decision-making ’. Further research is required into how
EA can increase its contribution to the IT investment decision. For example, for
each of the measurement items of an IT investment decision (Table 6.10) it could
be determined what kind of contribution of EA would be most effective.

The mediation effect that we found is confirmed by the extant literature about
EA. Our results fit perfectly into the architecture effectiveness model developed
by Van Steenbergen and Brinkkemper [204]. This model links the existence of
an EA practice with the ultimate business goal of an organization. The steps in
between are architectural results, organizational performance and business goals.
The quality of IT investment decisions is part of organizational performance
where the quality of IT investment decisions outcomes can be regarded as a
business goal. This is in line with Niemi and Pekkola [145] who found that
EA benefit realization is a complex, multi-phased process. According to Niemi
and Pekkola [145] improved decision-making is a first level benefit of EA, where
the outcomes of these decisions are regarded as second or third level benefits.
Foorthuis et al. [66] found that EA works via intermediate outcomes. The
quality of IT investment decisions is such an intermediate outcome of EA. The
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focus group members confirmed that the role of EA should be more in influencing
and improving decisions than in the implementation of these decisions: ‘I have
noticed recently that I am much more involved with investment plan-like things
because I feel that I have the most influence on these plans’, ‘I do recognize this
from initiatives where I had to deal with architecture, such as determining the
direction of architecture on the board side, the strategic side. There, of course,
you have a great impact ’ and ‘It seems quite logical to me. Suppose that a very
bad IT investment decision is made, then you never get the result right with
architecture’. This raises the question of to what extent the EA function should
play a role in the implementation of the IT investment decision. Research has
demonstrated that architecture involvement in projects delivers value [66, 197].
However, our research shows that the focus of EA should be on involvement in
the formulation phase instead of the implementation phase.

Another finding of this research is that the relationship between EAM and
OQ is not moderated by the type of decision-maker, the economic sector, nor
the size of the organization. Regarding the type of decision-maker, most focus
group members were not surprised about the findings. Only few did expect that
business-IT jointly would lead to a higher OQ and thus affect the relationship.
With regard to the economic sector, one of the EA consultants of the first focus
group expressed the general opinion: ‘the public sector was lagging in the past,
but has improved over the last years. I do not have the impression that the public
sector is fundamentally different from the non-public sector ’. Instead of compar-
ing economic sectors it can be of more interest to compare single versus multiple
domain businesses. This is an area for future research. The last moderator, the
size of the organization, does not affect the relationship either: ‘I expect that the
people who are involved in architecture and decision-making in large organiza-
tions are proportional to smaller organizations. So it scales. And if it scales, it
is always proportionate’.

The results also demonstrate that the construct dimensions Relationship to
the as-is state and Monitoring have the strongest relationship with the quality
of IT investment decisions. Van Steenbergen et al. [202] describe Relationship to
the as-is state as: “architecture is frequently associated with a desired state of
affairs: the so-called to-be state. Most organizations also have to deal with an
existing situation based on historical growth (frequently without architecture).
In assessing the suitability of the architecture, it is important to realize that a
set of circumstances already exists, which has its own range of possibilities and
impossibilities. If this relationship to the as-is state is ignored, there is a danger
that the organization will be able to do little with its elegantly drafted scenarios
for future architecture”. Monitoring is described as: “it is generally insufficient
to just state that projects must comply with the architecture. Without a control
mechanism, the temptation will be too great to choose the path of least resistance
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and to ignore the architecture at certain points” [202]. The question is why
these construct dimensions have the strongest relationship with the quality of IT
investment decisions. Relationship to the as-is state is an area that emphasizes
the need to provide insight in both the current and future state as interrelated
situations and how to migrate from the current to the future situation. This
architectural insight is apparently more important in the context of the quality
of IT investment decisions than the other 16 construct dimensions of DyAMM.
This doesn’t come as a surprise. Future-state and current-state architectures are
considered the groundwork for EA; documenting the current state and designing
the future state are the basis for a gap analysis [224, 26]. Such an analysis
often results in a roadmap. Tamm et al. [211], in a case study of an Australian
retailer, confirm the added value of using an EA roadmap: “it provided visible
benefits in improved project sequencing and understanding of critical project
interdependencies”.

The relative importance of Monitoring is more of a surprise. This is an area
that has its focus on the implementation instead of the formulation of a decision.
Foorthuis et al. [66] found that compliance assessment of projects has the most
effect on whether projects actually conform to EA and also that compliance with
EA is shown to be positively associated with several benefits at both the project
and the organizational level. Our study underpins the findings of Foorthuis et al.
The importance of Relationship to the as-is state and Monitoring was endorsed
by the members of the focus groups: ‘I think Relationship to as-is state is a
confirmation of the importance that you can only make a roadmap if you know
the current situation well and the difference with the desired situation. Then you
talk about investment-like things again’, ‘If you know your delta (of change), you
can also see your risks and talk about them. Then I find Relationship to the as-is
state a very logical one and Monitoring for implementation too’ and ‘If you have
described where you are and where you want to be, then you can also make better
decisions’.

All in all, the findings demonstrate that EA maturity predicts the quality of
IT investment decisions to a certain extent. It is therefore worthwhile to mature
an EA practice. Two EA maturity areas deserve special attention: providing
insight into the current situation as the basis to be able to connect the current
and future state, and monitoring of project compliance with EA. These areas
are comparatively the most important to invest in to improve the quality of IT
investment decisions.

6.6 Implications and Limitations

In this Section we discuss the contribution of our study as well as the limitations.
We argue that we developed a theory for predicting that has implications for
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both researchers and practitioners.

6.6.1 Implications for Researchers

This empirical study has implications for research on both the success of EA and
the success of IT investments. We explore these, in turn.

First, this research demonstrates that EA maturity predicts the quality of
IT investments to a certain extent. Different studies have been conducted to
empirically determine success factors for EA [117, 65, 188, 3, 228, 21]. Weiss
et al. [228] found that the institutionalization of EA contributes to EA benefits
for the organization. Lange et al. [117] extend this finding, in the sense that
organizational anchoring of EA is a core success factor in achieving both organi-
zational and project benefits. Van den Berg and Van Vliet [21] demonstrate that
in contexts where EA was applied successfully, enterprise architects adapt their
role depending on the specific decision-making context in which they operate.
Foorthuis et al. [65] found that EA practices do not achieve end goals directly
but work through intermediate outcomes. He also found that projects play an
important role in obtaining benefits from EA, but that they generally benefit less
than the organization as a whole. Aier [3] argues that the success of applying EA
principles depends on the organizational culture. These studies demonstrate that
the success of EA is multi-faceted. Our study confirms that EA works through
intermediate outcomes. Most importantly, our study adds to existing research
that EA maturity predicts the quality of IT investments to a certain extent. This
study is one of the few to demonstrate empirically that EA enhances decision-
making. Finally, our study shows that EA is still a rather immature discipline.
Although the maturity of EA has increased, the discipline is still in its infancy.

Second, regarding the success of IT investments, different studies can be found
to illustrate the impact of IT investments on firm performance or the business
value of these investments (e.g., [195, 185, 49]. However, studies on how to
increase the success of the outcomes of individual IT investment decisions are
hard to find. The model that we created to measure DQ and OQ can also be
leveraged in future research on how to increase the success of IT investment
decisions. An interesting area for research is what the relationship is between the
realized architecture (foundation for execution) and the quality of IT investment
decisions [181].

6.6.2 Implications for Practitioners

This study contains important lessons for EA developers, EA users, as well as EA
implementers. EA developers get confirmation of what they may already think
and hope, namely that EA maturity to some extent, predicts the quality of IT
investment decisions. They can also learn that Relationship to the as-is state and
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Monitoring are important areas of attention. For EA users, especially the ones
that use EA in decision-making, the finding that EA to a certain extent predicts
the quality of IT investment decisions is of importance. This finding should en-
courage them to make better use of EA and stimulate their EA counterparts to
continuously improve the maturity of the EA practice. EA users also have an
important role in challenging EA developers to further improve their contribu-
tion to decision-making. For EA implementers, the results of this study should
convince them that EA delivers benefits, not only for the enterprise as a whole,
but also to improve IT investments. This should encourage EA implementers to
continue contributing to the maturing of the EA practice. All EA stakeholders
should be aware that EA is not something for enterprise architects only. As Ross
and Quaadgras [180] indicated: “enterprise architecture is not just for architects,
everyone must rally to the cause”. Ross’ idea was followed up by Winter [230] who
came up with the notion of “architectural thinking”, which is a move to the next
level of architecture productivity, a shift of focus from an enforcement-centric
view (i.e., enhancing architecture governance) towards an influence-centric view
(i.e., improving the architecture influence on local stakeholder decisions). This
research certainly underpins the notion of architectural thinking in the sense that
EA developers, EA users, and EA implementers all have a role to increase the
success of EA. It is encouraging that all EA stakeholder groups in this study
share largely the same views on both the maturity of EA as well as the quality
of IT investment decisions.

6.6.3 Limitations

Our study contains certain limitations. First, using a particular model for mea-
suring the maturity of EA has important limitations. As discussed by Vallerand
et al. [219] a maturity model is based on a belief system with regard to the mean-
ing of EA and has certain assumptions of how to improve an EA practice. The
results of our research are based on the concept and underlying philosophy of EA
maturity according to DyAMM. The application of another EA maturity model
may lead to different results. Second, we adopted an existing model for EAM
(DyAMM), that is scientifically evaluated and discussed by Van Steenbergen et
al. [203, 205] and proven in practice, but has some limitations as a measurement
model. The most important limitation is that no distinction is made between
cases with on average high and cases with on average low maturity levels, where
both cases fall short on one of the basic construct dimensions (dimensions with
an “A” in scale of maturity “1”, such as Development of architecture). This
is an area of improvement for DyAMM when it is applied as a measurement
model. Third, although our research was not limited to geographical boundaries,
more than half of all respondents are from one country, i.e., the Netherlands.
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The results’ validity might be limited to this geographical area. Fourth, we al-
lowed multiple participants from one organization. As explained before, at least
12% consists of multiple questionnaires referring to the same organization. This
might have an impact on the validity of our results. Fifth, this research’s cross-
sectional approach is a limitation. We collected the data at a single point of time
and examined the associations between different variables. Using this approach
means that we cannot be certain whether the relationships we found can be de-
noted as causal [12]. Specifically, the relationship between the maturity of the
EA practice and the quality of IT investment decision outcomes assumes that
these constructs are stable during a certain period of time. However, it may
be the case that the EA practice has recently matured to a large extent, while
the IT investment decision outcomes are based on decisions that were made at
a time when the EA practice was less mature. Respondents may have answered
the survey questions accordingly. This limitation requires a more longitudinal
perspective on the phenomenon of interest [177]. Sixth, our measurement model
measures perceptions. As a consequence, biases of respondents are a limitation
of this research. Biases that may have occurred are amongst others a) saliency
bias: the answers regarding IT investment decisions and their outcomes may be
overly influenced by an analogy to a memorable success, b) confirmation bias:
e.g., an EA developer who seeks confirmation for the fact that he/she is part
of a very successful EA practice, c) affect heuristic bias, e.g., a respondent that
has become enamoured with how his/her organization deals with the matters we
asked about [94]. As indicated earlier, we took measures to guarantee reliability
and representativeness of the data, but any form of bias cannot be excluded.

6.7 Conclusion

This quantitative study among 142 EA developers, EA users, and EA imple-
menters, demonstrates that the maturity of an EA practice (according to DyAMM)
has a weak positive relationship with the quality of IT investment decision out-
comes, where this relationship is almost perfectly mediated by the quality of IT
investment decisions. The mediation effect is in line with research that found that
EA indirectly contributes to organizational business goals. It means, in our case,
that EA developers should focus their efforts on improving IT investment deci-
sions, rather than the outcomes of these decisions. Different researchers argued
that EA enhances decision-making. This study is one of the few studies that has
demonstrated this empirically. This should encourage EA users to involve EA
developers in decision-making processes. However, this study also demonstrates
that the relationship between EA maturity and the quality of IT investment de-
cisions is rather weak. That raises the question as to whether investments in EA
pay off. Our research also indicates that EA is still in its infancy. From this
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and previous research it becomes clear that the establishment of a successful EA
practice is a challenging undertaking; the success of EA is multifaceted. This
requires continuous learning and improvement as well as perseverance from EA
developers and EA implementers. Further research is required into what EA de-
velopers should provide to decision-makers to enable them to make high quality
IT investment decisions. This research provides insight into the factors that make
up the quality of these decisions.
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7
How Enterprise Architecture Improves
the Quality of IT Investment Decisions

According to literature, enterprise architecture (EA) is intended to support IT in-
vestment decision-making. However, it is not yet clear how EA can do that. The
objective of this study is to explore how EA can support IT investment decisions.
A quantitative research approach was chosen, in which data were collected from a
survey of 142 participants. These data were used to perform a comparative anal-
ysis between top and bottom quartile organizations on 1) the EA maturity, 2) the
use of EA artifacts in the preparation of IT investments, and 3) the key insights
that EA provides in preparation of IT investments. We found that top quartile
organizations are more mature in all EA maturity areas. They also make more
extensive use of different types of EA artifacts in the preparation of IT investment
decisions, especially diagnostic and actionable artifacts. Finally, EA provides top
quartile organizations with more key insights in the preparation of IT investment
decisions, and in particular, strategic insights. As a result of our research we
created a conceptual model that integrates seven propositions. Further research
is required to test these propositions and develop instruments to aid enterprise
architects to effectively support IT investment decisions.

7.1 Introduction

Enterprise architecture (EA) gained a lot of attention over the years and is em-
ployed by many organizations to deal with the increasing complexity of their
corporate IT environments [3, 228]. In Chapter 1 we defined EA as a discipline
that is able to create “overview and insights needed to translate strategy into
execution, enabling senior management to take ownership of the key decisions
on the design of the future enterprise” [72]. One of these decisions is the IT
investment decision. The IT investment decision “selects and funds initiatives
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and addresses how much to spend, what to spend it on, and how to reconcile the
concerns of different stakeholders” [227]. The promise of EA is that it guides and
informs IT investment decisions [27, 71, 34, 43]. In other words, the use of EA
would increase the quality of IT investment decisions.

The quality of the outcome of an IT investment decision is an important
indicator given the amounts of money that are invested in IT. The estimated
IT spending for 2018 is USD 3.68 trillion [126]. According to IDC [87], total IT
spending by small and medium-sized businesses is forecast to reach nearly USD
602 billion in 2018, an increase of 4.9% over 2017. According to Weill and Ross
[227], “the IT investment decision is one of the five interrelated IT decisions that
every enterprise must address, and often the most visible and controversial as
some projects will be approved, others are bounced”. As stated in Chapter 6,
the CHAOS report indicates that in 2015 only 29% of projects were successful,
i.e., on time, on budget, and with a satisfactory result, 19% of all projects failed
and 52% were challenged [88]. IT investment decisions appear to be important
as well as risky decisions.

In this research we studied three aspects of EA that relate to how it supports
the quality of IT investments. First, the maturity of an EA practice. We consider
an EA practice “the whole of activities, responsibilities and actors involved in the
development and application of EA” [205]. The maturity of an EA practice is
an indicator for the quality of an EA practice. The purpose of maturing an
EA practice is to increase its performance and effectiveness upon achieving a
higher maturity [133]. In this research we want to explore whether there is
a relationship between the maturity of an EA practice and the quality of IT
investment decision outcomes. Second, the artifacts created by EA practices.
We consider an EA artifact as a single document describing a particular aspect
of EA [113]. In this research we are particularly interested in what EA artifacts
are used in the preparation of IT investment decisions. Third, the key insights
that EA provides in the preparation of IT investment decisions. These insights
should enable senior management to take ownership of the key decisions on the
design of the future organization [72, 91, 90, 154].

In this study, we want to explore how EA delivers value to IT investment
decisions. In this way, we seek to complement and extend existing studies on
EA benefits and success factors by building theory on how EA contributes to IT
investment decisions. Therefore, our main research question is: How does EA
improve the quality of IT investment decisions?

To answer this question, a quantitative approach was followed. Based on a
survey among 142 EA developers, EA users and EA implementers, we performed
a comparative analysis of two groups, i.e., the top and bottom quartile cases
with regard to the quality of the outcomes of the IT investment decisions. For
both the top and bottom quartile cases, we measured the EA maturity, the use
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of EA artifacts in the preparation of IT investment decisions and, finally, the key
insights that EA provides in the preparation of IT investment decisions. Based
on the differences between top and bottom quartile cases, we generated theory.

This study demonstrates that top quartile organizations have a more mature
EA practice across the board. Furthermore, in top quartile organizations more
diagnostic and actionable EA artifacts are used and, as a likely consequence, EA
provides more strategic insights in the preparation of IT investment decisions,
like whether the IT investment fits with business strategy and the relationships
with past and future investments.

This research is important because it underpins the value of EA in supporting
IT investment decisions. Enterprise architects are provided with useful insights
about where to focus on to improve their practices, processes and products. For
decision-makers, this research demonstrates which artifacts and insights they
need to ask their enterprise architects when preparing IT investment decisions.
Researchers are provided with frameworks to measure the contribution of EA
and the outcomes of IT investment decisions, as well as with insights for further
researching the benefits of EA with regard to IT investment decisions.

This Chapter is partly based on the same data as Chapter 6. In particular,
we have reused the subsections on theoretical background of the quality of IT in-
vestment decision outcomes and EA maturity. We also reused the subsections on
measurement of the quality of IT investment decision outcomes and EA maturity
as well as the subsections on data collection, focus groups, and data reliability
and validity. At certain points in this Chapter we refer to passages from Chapter
6.

The theoretical background of this research is presented in Section 7.2. In
Section 7.3, we discuss the research model and methodology. Section 7.4 con-
tains the quartiles and descriptives. In Section 7.5 we present the results of our
research. Finally, we discuss the results in Section 7.6, outline the implications
and limitations in Section 7.7, and end with a conclusion in Section 7.8.

7.2 Theoretical Background

In this Section we discuss related work on the quality of IT investment decision
outcomes, and the use of EA. With regard to the quality of IT investment decision
outcomes we searched Google Scholar for literature with the keywords “quality of
a decision” and “success of a decision” followed by forward and backward snow-
balling. Google Scholar was also used to find relevant literature on “enterprise
architecture maturity” followed by forward and backward snowballing. Based on
our extensive experience as practicing enterprise architects and EA researchers,
we created a list of EA artifacts and key insights. In Google Scholar references
were searched for each of the EA artifacts and key insights.
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7.2.1 Quality of IT Investment Decision Outcomes

The purpose of this research is to compare the use of EA between organizations
with high quality outcomes of IT investment decisions and organizations with
low quality outcomes of IT investment decisions. Related work with regard to
the components that comprise the quality of the outcomes of an IT investment
decision is discussed in Chapter 6. More in particular, the concept of decision,
the quality of a decision, the IT investment decision, and finally, the quality of
IT investment decisions are discussed in Section 6.2.2.

7.2.2 Use of EA

EA positioning

As discussed in Chapter 1, the use of EA differs across organizations and EA can
have different meanings for both practitioners and researchers. Like in Lapalme’s
[120] enterprise integrating school we consider EA as the link between strategy
and execution. However, we did not include Lapalme’s schools of thought in this
study. Based on an exploratory empirical analysis, Aier et al. [5] distinguished
three different EA scenarios. These scenarios depend on the level of organizational
penetration of EA and the adoption of advanced architectural design paradigms
and modelling capabilities. The most mature EA scenario is “EA engineer” which
scores high on both dimensions. The scenario “IT architect” scores low on both
dimensions. The scenario “EA initiator” scores high on the level of organizational
penetration but low on the adoption of advanced architectural design paradigms
and modeling capabilities. The results of Aier’s analysis demonstrate that there
is no overall approach to implement EA in practice. We regard the differences
between Aier’s scenarios as a matter of maturity, the subject we will discuss next
and is part of our study.

EA maturity

To aid organizations in the adoption of EA best practices, maturity models have
been developed and proposed. These models offer assessment frameworks and
roadmaps for increasing EA maturity [219]. Several EA maturity models ex-
ist, with different purposes and different ways of measuring the EA maturity
[133, 219, 203]. We choose to apply the Dynamic Architecture Maturity Matrix
(DyAMM) in this study. For the motivation why we choose DyAMM and an
explanation of DyAMM we refer to Section 6.2.1 and the subsection “Enterprise
architecture maturity”.
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EA artifacts

EA practices create different types of artifacts. In this research we distinguish
between different types of EA artifacts as can be seen in Table 7.1. We are aware
of different concepts and definitions with regard to EA. There is not one common
vocabulary or set of standardized artifacts in the EA community despite efforts
of the Open Group [85] and Kotusev [112].

EA insights

Table 7.2 contains the key insights that EA possibly can provide in the prepara-
tion of IT investment decisions, and thus help to improve these decisions. These
insights are derived from literature.

7.3 Research Design

7.3.1 Research Questions

One of the 2012 Clinger-Cohen Core Competencies & Learning Objectives (11.4)
states that “the use of EA in IT investment decision-making should be one of
the competencies of EA” [43]. There is broad consensus that the EA discipline
should guide and inform IT investment decisions [27, 71, 93, 34]. However, there
is little evidence on the how. With this research, we aim to explore how to apply
EA to achieve higher quality outcomes of IT investment decisions. In particular,
we are interested in what EA maturity areas, what EA artifacts and what key
insights from EA contribute to more successful IT investments. This leads to the
following questions:

1. What is the maturity on EA focus areas in organizations with high-quality
IT investment decision outcomes compared to organizations with low-quality
IT investment decision outcomes?

2. What EA artifacts are used in the preparation of IT investment decisions in
organizations with high-quality IT investment decision outcomes compared
to organizations with low-quality IT investment decision outcomes?

3. What are the key insights that EA provides in the preparation of IT invest-
ment decisions in organizations with high quality IT investment decision
outcomes compared to organizations with low quality IT investment deci-
sion outcomes?
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Table 7.1: EA artifacts that can be used in the preparation of IT investment
decisions

Type of EA
artifact

Defintion References

Business capabil-
ity models

Structured graphical representation of all organizational business
capabilities, their relationship and hierarchy. A business capability
is a particular ability that a business may possess or exchange to
achieve a specific purpose.

Kotusev 2018 [112], Open
Group 2018 [85]

Future-state ar-
chitectures

High-level graphical descriptions of the desired long-term future
state of an organization. Sometimes referred to as the “to-be”,
“soll” or “target” architecture.

Kotusev 2018 [112], Van
der Raadt and Van Vliet
2008 [171], Open Group
2018 [85]

Current-state
architectures

Descriptions of the current situation of an organization. Sometimes
referred to as the “as-is” or “ist” architecture.

Van der Raadt and Van
Vliet 2008 [171]

Principles A declarative statement that normatively prescribes a property of
the design of an artifact.

Greefhorst and Proper
2011 [72], Kotusev 2018
[112]

Guidelines Prescriptions of best practices that provide guidance on the optimal
ways to carry out design or implementation activities.

Kotusev 2018 [112], Open
Group 2018 [85], Van der
Raadt and Van Vliet 2008
[171]

Standards Three classes of standards exist: 1) Legal and regulatory obliga-
tions: these standards are mandated by law and therefore an en-
terprise must comply or face serious consequences. 2) Industry
standards: these standards are established by industry bodies and
are then selected by the enterprise for adoption. 3) Organizational
standards: these standards are set within the organization and are
based on business aspiration. The purpose of standards is to help
achieve technical consistency, technological homogeneity and regula-
tory compliance.

Open Group 2018 [85],
Kotusev 2018 [112]

Heat maps A map where different colors are used to visualize the status of cer-
tain attributes of a business capability. These attributes may in-
clude maturity, effectiveness, performance, and the value or cost
of each capability to the business. Heat maps can also be used in
conjunction with e.g., information objects.

Open Group 2018 [85],
Roelens and Poels 2014
[178]

Landscape dia-
grams

High-level connections between various applications, databases,
platforms, systems and sometimes business processes covering
large parts of the corporate IT landscape, typically in their current
states.

Kotusev 2017 [110]

Roadmaps An abstracted plan for business or technology change, typically op-
erating across multiple disciplines over multiple years. A roadmap
describes a realization path from the current state to the future
state.

Open Group 2018 [85],
Van der Raadt and Van
Vliet 2008 [171]

Project-start ar-
chitectures

Delineates a concrete and usable framework within which a project
should be carried out. It contains the translation of general princi-
ples and policy directives into specific project guidelines. It provides
the constraints and general direction for the further elaboration of
the project’s fundamental design.

Wagter et al. 2005 [223],
Foorthuis and Brinkkem-
per 2007 [64]

Principles A declarative statement that normatively prescribes a property of
the design of an artifact.

Greefhorst and Proper
2011 [72], Kotusev 2018
[112]

Solution outlines High-level description of specific proposed solutions. Kotusev 2018 [112]

7.3.2 Research Methodology

We followed a quantitative approach with the aim to build theory. We collected
data by means of a survey among EA developers, EA users, and EA implementers.
The purpose of the survey was twofold. Firstly, to measure the quality of IT
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Table 7.2: Insights that EA may provide in the preparation of IT investment
decisions

Type of EA insight Definition References

Relationship with past
IT investments

IT investments can benefit from previous IT investments. Riempp and Gieffers-Ankel
2007 [175]

Relationship with cur-
rent IT investments

IT investments can interfere with current IT investments, positively
or negatively.

Riempp and Gieffers-Ankel
2007 [175], Van den Berg
and Van Vliet 2016 [21],
Niemi and Pekkola 2016
[145]

Relationship with fu-
ture IT investments

IT investments can create opportunities for future IT investments. Riempp and Gieffers-Ankel
2007 [175]

Risks of IT investment IT investments are inherently risky due to uncertainty about their
economic impact, technological complexity, rapid obsolescence, im-
plementation challenges and so on. IT risk is the variability of re-
turns on IT investment, which is increased by unexpected positive
or negative outcomes.

Riempp and Gieffers-Ankel
2007 [175], Jusuf and Kur-
nia 2017 [93], Plessius et
al. 2014 [161], Tamm et al.
2011 [212], Dewan et al.
2007 [51]

Feasibility of IT in-
vestment

IT investments have a certain degree of feasibility, i.e., the ability
and likelihood to successfully complete an IT investment including
relevant factors such as economic, technological, legal and schedul-
ing factors.

Standish Group 2015 [88],
Investopia 2018 [89]

Fit with the future-
state architecture

IT investments can contribute to the realization of the future-state
architecture.

Buchanan and Soley 2002
[34]

Fit with the business
strategy

IT investments can contribute to the realization of the business
strategy.

Buchanan and Soley 2002
[34], Tamm et al. 2011
[212], Niemi and Pekkola
2016 [145]

Consequences for the
current state

IT investments can have consequences for the current state of oper-
ations, clients and markets.

Plessius et al. 2014 [161]

Options for the future IT investments can create options for the future, i.e., an IT invest-
ment now can create an opportunity to gain future benefits.

Saha 2006 [184], Slot 2010
[196]

Different solution al-
ternatives and their
pros and cons

IT investments can be realized by means of different solution alter-
natives. These alternatives have their pros and cons.

Plessius et al. 2014 [161]

investment decision outcomes and the EA maturity. Secondly, to gain insight in
the use of EA artifacts and the key insights that EA provides in the preparation
of IT investment decisions. These insights “can help identify the concepts, are the
basis for measurement, and are very appropriate for early stages of the research”
[127]. In addition to the survey, we collected explanations for our findings with
three focus groups.

Measurement model

To answer the research questions, we took the top and bottom quartile cases
based on the quality of IT investment decision outcomes and compared the way
organizations in these quartiles make use of EA. To determine the quality of IT
investment decision outcomes (OQ) and the division of cases over quartiles we
asked six questions in the questionnaire. To answer research question Q1 we had
to measure the EA maturity (EAM) on different aspects. The survey contains
23 questions on EAM. Finally, we used two questions to determine the use of EA
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artifacts (Q2) and the key insights that EA provides (Q3). Next to the aforemen-
tioned questions, the survey contains general questions on EA and IT investments
and on demographics. In the next subsections, we explain the measurement of
OQ, EAM, use of EA artifacts, and key insights that EA provides in more detail.

• Measurement OQ.
The measurement model of OQ is included in Section 6.3.2 in the subsec-
tion “Measurement DQ and OQ”. The overall OQ has a mean µ = 3.09
with standard deviation σ = 0.621.

• Measurement EAM.
The measurement model of EAM is included in Section 6.3.2 in the subsec-
tion “Measurement EAM”.

• Measurement of use of EA artifacts and key insights of EA.
We used two questions to determine what EA artifacts are used respec-
tively what key insights EA provides in the preparation of IT investment
decisions. Respondents could choose from a predefined list that was com-
posed based on Table 7.1 and Table 7.2, with common EA artifacts and
key insights. Multiple answers were allowed.

Data collection

Data were collected as described in Section 6.3.2 in the subsection “Data collec-
tion”.

Focus groups

The way we conducted the focus groups is described in Section 6.3.2 in the
subsection “Focus groups”.

7.3.3 Validity and reliability

The theoretical model was evaluated in terms of content validity, face validity,
construct reliability, indicator reliability, and data normality. Content validity
was ensured upfront by using existing models and literature to create the theo-
retical model and develop the constructs. The content validity and face validity
were tested by 15 experienced EA developers, EA users, and EA implementers;
all members of the target population of the survey. Based on their comments, we
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adjusted the survey. Regarding construct reliability we used Cronbach’s Alpha
to test the internal consistency of OQ. The Cronbach’s Alpha for OQ is 0.86.
The desirable values of Cronbach’s Alpha are in the magnitude of 0.7 or 0.8 [62].
The Cronbach’s Alpha value for OQ exceeds 0.8, which confirms the reliability of
this construct. Indicator reliability was tested by means of factor loadings. Table
6.6 shows that OQ has five or more strongly loading items (λ = .50 or better).
This indicates that OQ is a solid factor [155]. Furthermore, we assessed the data
for normality by using a sample moment test of skewness and kurtosis statistics.
This analysis confirmed that relevant thresholds (skewness<2 and kurtosis<7)
were not exceeded [207].

7.4 Quartiles and Descriptives

7.4.1 Quartiles

Initially, the quartiles of OQ of the 142 cases were determined with SPSS, a
software package for statistical analysis. The first quartile value is 2.67, the
second one is 3.17, and the third quartile value is 3.50. Based on these quartile
values we determined the top and bottom quartiles. The boxplot of SPSS in
Figure 7.1 demonstrates the distribution of the OQ scores. The upper and lower
limits of the box represent the first and third quartiles of the OQ. The median is
represented by the horizontal bar in the middle of the box.

1

1,5

2

2,5

3

3,5

4

4,5

5

Figure 7.1: Boxplot of quality of IT investment decision outcomes
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Table 7.3: Frequency distribution of quality of IT investment decision outcomes

OQ Frequency Percentage Cumulative percentage

1.50 1 0.7 0.7
1.83 1 0.7 1.4
2.00 7 4.9 6.3
2.17 8 5.6 12.0
2.33 6 4.2 16.2
2.50 9 6.3 22.5
2.67 12 8.5 31.0
2.83 13 9.2 40.1
3.00 13 9.2 49.3
3.17 7 4.9 54.2
3.33 19 13.4 67.6
3.50 12 8.5 76.1
3.67 10 7.0 83.1
3.83 7 4.9 88.0
4.00 14 9.9 97.9
4.17 3 2.1 100.0

Total 142 100.0

As can be seen in the frequency distribution of OQ in Table 7.3, the first
quartile value (2.67) and the third quartile value (3.50) contain 12 cases. As a
consequence, it is impossible to have an exact equal proportion of cases in all
four quartiles. We therefore consider all cases with an OQ < 2.67 as bottom
quartile cases and the cases with OQ > 3.50 as top quartile cases. We consider
all remaining cases as the interquartile range. Table 7.4 shows the number of
cases as well as statistics for the different quartiles.

Table 7.4: Descriptives per quartile

Statistic Bottom quartile Inter quartile Top quartile

Number of cases 32 76 34
Mean quality IT investment decision outcomes (OQ) 2.22 3.10 3.88
Standard deviation IT investment decision outcomes (OQ) 0.24 0.29 1.67
Mean EA maturity (EAM) 0.53 1.61 2.00
Standard deviation EA maturity (EAM) 0.98 1.88 1.95

7.4.2 Descriptives

Tables 7.5 and 7.6 demonstrate the division of the 142 respondents to the survey
over the top quartile (top performer) and bottom quartile (bottom performer)
groups. The respondents can have multiple roles regarding EA: developer, user
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and/or implementer of EA. From Table 7.5 we conclude that respondents with
regard to their EA role are equally represented in the top and bottom quartile
group.

Table 7.5: Distribution of respondents over target population (more than one
answer possible)

Role with regard to EA Total
sample
#

Total
sample
%

Top
quartile
#

Top
quartile
%

Bottom
quartile
#

Bottom
quartile
%

Developer of EA artifacts (e.g.
enterprise architect, domain ar-
chitect, EA-manager, external EA
consultant)

123 51.5 27 50.9 30 51.7

User of EA artifacts (e.g. C-level
executive, business manager, IT
manager, information manager,
portfolio manager)

51 21.3 12 22.6 13 22.4

Implementer of EA artifacts (e.g.
project manager, solution archi-
tect, software architect, business
analyst, information analyst, de-
veloper)

65 27.2 14 26.4 15 25.9

Total 239 100 53 100 58 100

Table 7.6: Distribution of respondents over target population (more than one
answer possible)

Role with regard to IT
investment decisions

Total
sample
#

Total
sample
%

Top
quartile
#

Top
quartile
%

Bottom
quartile
#

Bottom
quartile
%

Accountable (approves IT
investment decisions)

13 5.3 3 5.2 3 5.4

Responsible (prepares IT
investment decisions)

77 31.6 20 34.5 12 21.4

Consulted (consulted in
the preparation of IT in-
vestment decisions)

105 43.0 25 43.1 28 50.0

Informed (informed about
IT investment decisions)

44 18.0 9 15.5 12 21.4

No role 5 2.1 1 1.7 1 1.8

Total 244 100 58 100 56 100

Respondents can also have different roles with regard to IT investment de-
cisions: accountable, responsible, consulted and/or informed on IT investment
decisions. From Table 7.6 we learn that in the top quartile group, respondents
who are responsible for IT investment decisions are more represented, and re-
spondents who are consulted and informed about IT investment decisions are
less represented compared to the bottom quartile group.
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Figure 7.2 contains the distribution of respondents over economic sector per
quartile. This figure demonstrates that top quartile cases are proportionally more
represented in the information, communication, entertainment and recreation sec-
tor where bottom quartile cases are more represented in the public administration
sector. The public administration sector contains relatively more bottom and less
top performers compared to the information, communication, entertainment and
recreation sector.

Figure 7.2: Distribution of respondents over economic sector per quartile

Figure 7.3 shows the distribution of respondents over organizational size per
quartile. The bottom quartile cases are somewhat more represented in the
medium-sized organizations (500−5000 employees) and less in the small organi-
zations (< 500 employees). According to this study, medium-sized organizations
contain relatively fewer top performers and more bottom performers.

62% of all respondents come from the Netherlands. The other 38% are from
21 different countries around the world. The geographical distribution of respon-
dents per quartile is different. In the bottom quartile, 50% of cases are from the
Netherlands and the other 50% are from abroad. In the top quartile group 58.8%
of cases are from the Netherlands and 42.2% are from other countries.

Figure 7.4 presents the distribution of respondents according to the years of
experience with EA, again per quartile. The average number of years ago that
the EA practice was first established is 5.5 years for the bottom quartile and 9.4
years for the top quartile cases. Organizations with the highest quality of IT
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Figure 7.3: Distribution of respondents over organizational size per quartile

Figure 7.4: Distribution of respondents according to number of years EA practice
per quartile
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investment decision outcomes have a longer tradition in EA than those with the
lowest quality of IT investment decision outcomes.

7.5 Results

In this Section we compare the top and bottom quartiles with regard to EA
maturity, the use of EA artifacts, and the key insights that EA provide.

7.5.1 Comparison EA Maturity

As part of the survey we measured the EA maturity based on DyAMM. Figure 7.5
contains the distribution of the top and bottom quartile cases per EAM scale. As
can be seen, more than 70% of the bottom quartile cases are still at EA maturity
scale zero. This is only 35% for the top quartile cases.

Figure 7.5: Percentage of cases per EAM scale per quartile

Figure 7.5 illustrates that top quartile cases have an EA practice that is more
mature than bottom quartile cases. We conducted an independent sample test
(t-test) with EAM as the dependent variable and OQ as the independent variable,
to determine whether the difference between the top and bottom quartile group
is significant. We checked the data for two assumptions. First, despite the
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slight deviation from normality we found that the distribution of EAM is normal
enough to carry out a t-test. Second, Levene’s test of equality of variances shows
that the assumption of homogeneity has been violated. Therefore, the t-test was
corrected for unequal variances [62]. The result of this t-test demonstrates that
the difference is significant, t = -3.89, df = 49.34 and p < .001.

Table 7.7 illustrates the differences between top and bottom quartile cases
with regard to the different levels of maturity for all construct dimensions (focus
areas) that constitute DyAMM. Top quartile cases score higher on the highest
maturity level of all construct dimensions compared to bottom quartile cases.

Table 7.7: Distribution of EAM per maturity level, per construct dimension for
top and bottom quartiles

Construct dimension Quartile Level 0 Level A Level B Level C Level D

Development of architecture Top 32.4 5.9 5.9 55.9
Bottom 46.9 3.1 18.8 31.3

Use of architecture Top 5.9 26.5 44.1 23.5
Bottom 34.4 40.6 18.8 6.3

Alignment with business strategy Top 5.9 35.3 35.3 23.5
Bottom 43.8 34.4 18.8 3.1

Alignment with realization Top 11.8 52.9 2.9 32.4
Bottom 31.3 62.5 3.1 3.1

Relationship to the as-is state Top 5.9 17.6 79.5
Bottom 25.0 59.4 15.6

Responsibilities and authorities Top 11.8 11.8 32.4 44.1
Bottom 31.3 37.5 21.9 9.4

Alignment with change portfolio Top 11.8 29.4 29.4 29.4
Bottom 43.8 43.8 9.4 3.1

Monitoring Top 20.6 14.7 35.3 29.4
Bottom 59.4 21.9 18.8 0.0

Quality assurance Top 14.7 44.1 32.4 8.8
Bottom 46.9 34.4 18.8 0.0

Management of the architectural process Top 2.9 50.0 26.5 20.6
Bottom 37.5 40.6 21.9 0.0

Management of the architectural products Top 2.9 38.2 50.0 8.8
Bottom 18.8 71.9 9.4 0.0

Commitment and motivation Top 5.9 29.4 26.5 47.1
Bottom 31.3 53.1 9.4 6.3

Implementation of the architectural role Top 5.9 29.4 2.9 38.2 23.5
Bottom 18.8 65.6 6.3 6.3 3.1

Architectural method Top 17.6 14.7 50.0 17.6
Bottom 37.5 53.1 9.4 0.0

Interaction and collaboration Top 8.8 32.4 8.8 50.0
Bottom 31.3 53.1 9.4 6.3

Architectural tools Top 8.8 52.9 14.7 23.5
Bottom 37.5 50.0 12.5 0.0

Budgeting and planning Top 17.6 47.1 29.4 5.9
Bottom 62.5 25.0 9.4 3.1

Table 7.7 demonstrates a big difference on the construct dimension Relation-
ship to the as-is state. Almost 80% of the top quartile cases are at level B,
while more than 80% of the bottom quartile cases are still at level 0 and A.
Other construct dimensions with rather big differences are: Management of the
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architectural products, Commitment and motivation, Architectural method, and
Interaction and collaboration.

From this Section we can answer research question Q1 and conclude that top
quartile organizations are more mature on EA than bottom quartile organiza-
tions. This applies both to the overall EA maturity as well as to all the focus
areas that underlie it.

7.5.2 Comparison EA Artifacts and Insights

We also compared the two quartiles for the types of EA artifacts that are used
in the preparation of IT investment decisions and the kind of insights that EA
provides in the preparation of IT investment decisions. Figure 7.6 demonstrates
the differences in use of EA artifacts in the preparation of IT investment decisions.
Top quartile cases use more EA artifacts in the preparation of IT investment
decisions than bottom quartile cases. With some artifacts the differences are
very large. E.g., 82.4% of top quartile cases uses Roadmaps in the preparation of
IT investment decisions compared to 34.4% of bottom quartile cases.
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Figure 7.6: EA artifacts used in the preparation of IT investment decisions per
quartile

Figure 7.7 shows the differences in key insights that EA provides in the prepa-

154



How Enterprise Architecture Improves the Quality of IT Investment Decisions

ration of IT investment decisions between top and bottom quartile cases. The
overall impression is that EA provides more different insights in the preparation
of IT investment decisions in top quartile cases than in bottom quartile cases.
For some insights the differences are large, as in Fit with business strategy with
70.6% of top quartile cases using this insight in the preparation of IT investment
decisions compared to only 28.1% of bottom quartile cases.
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Figure 7.7: Key insights that EA provides in the preparation of IT investment
decisions per quartile

Figures 7.6 and 7.7 confirm the prominent role of EA in top quartile organi-
zations compared to bottom quartile organizations. Figure 7.6 answers research
question Q2; organizations with high quality IT investment decision outcomes
make more use of, in relative order: Heat maps, Policies, Roadmaps, Business
capability models, Landscape diagrams, and Guidelines. It is also in these or-
ganizations where the EA-function provides in general more insights during the
preparation of IT investment decisions, especially whether IT investments Fit
with the business strategy, The relationship of IT investments with future and
past IT investments, and the Risks of IT investments. Figure 7.7 therefore an-
swers research question Q3.

We performed Pearson chi-square tests with the usage of EA artifacts and
the usage of EA insights as dependent variables and OQ as the independent vari-
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able, to determine whether the differences between the top and bottom quartile
group are significant. The results in Table 7.8 demonstrate that top quartile
organizations use significant more Roadmaps, Policies, Heat maps, Future-state
architectures, Standards, Landscape diagrams, Project-start architectures, Busi-
ness capability models, Guidelines and Solution outlines in the preparation of IT
investment decisions compared to bottom quartile organizations. Table 7.9 il-
lustrates that top quartile organizations use three EA insights significantly more
often in the preparation of IT investment decisions compared to bottom quartile
organizations: Fit with the business strategy, Relationship with future investments
and Risks of IT investments.

Table 7.8: Results of Pearson chi-square tests usage of EA artifacts, significance,
value, and degrees of freedom

Usage of EA artifact p Value Df

Roadmaps .000 15.70 1
Policies .001 11.89 1
Heat maps .015 5.95 1
Future-state architectures .021 5.32 1
Standards .027 4.91 1
Landscape diagrams .027 4.89 1
Project-start architectures .028 4.86 1
Business capability models .036 4.38 1
Guidelines .047 3.96 1
Solution outlines .049 3.88 1
Principles not significant
Current-state architectures not significant

Table 7.9: Results of Pearson chi-square tests per EA insight, significance, value,
and degrees of freedom

EA insight p Value Df

Fit with the business strategy .001 11.89 1
Relationship with future IT investments .001 10.21 1
Risks of IT investment .006 7.52 1
Relationship with past IT investments not significant
Relationship with current IT investments not significant
Feasibility of IT investment not significant
Fit with the future-state architecture not significant
Consequences for the current state not significant
Options for the future not significant
Different solution alternatives and their pros and cons not significant
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7.6 Towards a Conceptual Model

This study allows us to build new theory with regard to the effectiveness of EA.
Based on the findings of this study, we derived propositions that will be presented
in this Section. At the end of the Section we present a conceptual model that
integrates these propositions. The propositions are based on seven constructs
that are defined in Table 7.10.

Our results clearly demonstrate that top quartile organizations have an EA
practice that is more mature than bottom quartile organizations. Furthermore,
the t-test demonstrates that the difference between the top and bottom quartile
group is significant. Apparently, EA contributes to the quality of IT investment
decisions. This is supported by literature that says that EA guides and informs
IT investment decisions [27, 71, 34, 90, 43]. Therefore, we posit:

P1: There is a positive relationship between the maturity of an EA practice
and the quality of IT investment decision outcomes.

Top quartile organizations use more and different types of EA artifacts in the
preparation of IT investment decisions. Differences in the use of different types
of EA artifacts between top and bottom quartile organizations are particularly
intriguing. The largest and significant differences can be found in Heat maps,
Policies, and Roadmaps. The smallest, and not significant differences are in
Principles and Current-state architectures. The focus group participants had the
following explanations with regard to principles versus policies: ‘Principles give
a very global direction and delineation. The question is to what extent principles
contain sharp choices. Policies contain much harder choices. So, they have much
more impact ’. Future-state and Current-state architectures can be regarded as
the groundwork for EA; documenting the current state and designing the future
state are the basis for a gap analysis [224, 26]. Without that gap analysis there is
a risk that EA becomes “shelfware” [26]. Roadmaps and Heat maps can be con-
sidered as artifacts that provide insight in the gap. Gartner introduced the term
“Business-Outcome-Driven-EA” which in their view is a “strategic discipline fo-
cused on developing diagnostic and actionable deliverables that help the business
guide investment decisions in support of executing business strategy” [32]. Diag-
nostic deliverables are coined as “deliverables that provide the details and results
of analysis” [38]. A Heat map is a typical example of a diagnostic deliverable. Ac-
tionable deliverables are “signature-ready deliverables that directly drive or guide
change by initiating projects or providing direction to change projects” [38]. A
roadmap is a typical example of an actionable deliverable. Tamm et al. [211], in
their case study of an Australian retailer, confirm the added value of using an
EA roadmap: “it provided visible benefits in improved project sequencing and
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Table 7.10: Definitions of constructs used in the propositions

Construct Definition

Maturity EA practice The overall EA maturity indicated by the scales of maturity (columns) in
DyAMM with possible values between 0 and 12.

Quality of IT invest-
ment decision out-
comes

The overall quality of IT investment decision outcomes indicated by six indi-
vidual items: 1) The desired outcomes of IT investments are achieved 2) Stake-
holders are satisfied with the final outcomes of IT investments. 3) The final
outcomes of IT investments contribute to strategic, long-term objectives. 4)
The due dates of IT investments are achieved. 5) IT investments are imple-
mented on a timely basis. 6) IT investments are on budget.

Percentage of action-
able and diagnostic
EA artifacts used in
the preparation of IT
investment decisions

Actionable EA artifacts are “signature-ready deliverables that directly drive or
guide change by initiating projects or providing direction to change projects”
[38]. E.g., a roadmap. Diagnostic EA artifacts are artifacts “that provide the
details and results of analysis” [38]. E.g., a heat map. The percentage of ac-
tionable and diagnostic EA artifacts used in the preparation of IT investment
decisions is compared with the total number of EA artifacts used in the prepa-
ration of IT investment decisions.

Percentage of strate-
gic types of insights
that EA provides in
the preparation of IT
investment decisions

Strategic types of insights provided by EA are insights with a rather long term
and holistic perspective. E.g., the alignment of an IT investment with the busi-
ness strategy. The percentage of strategic types of insights used in the prepa-
ration of IT investment decisions is compared with the total number of insights
that EA provides in the preparation of IT investment decisions.

Maturity on Relation-
ship to the as-is state

The maturity on construct dimension Relationship to the as-is state as part of
DyAMM with possible values of 0, A or B and described as: “architecture is
frequently associated with a desired state of affairs: the so-called to-be state.
Most organizations also have to deal with an existing situation based on his-
torical growth. In assessing the suitability of the architecture, it is important
to realize that a set of circumstances already exists, which has its own range
of possibilities and impossibilities. If this relationship to the as-is state is ig-
nored, there is a danger that the organization will be able to do little with its
elegantly drafted scenarios for future architecture” [202].

Maturity on Commit-
ment and motivation

The maturity on construct dimension Commitment and motivation as part of
DyAMM with possible values of 0, A or B and described as: “commitment and
motivation of the architecture stakeholders is critical in bringing the architec-
ture up to speed and making it successful. These stakeholders include not only
the architects but also, and especially, senior business and IT management,
plus project management. Business and IT management are primarily respon-
sible for creating a favourable atmosphere. This ensures that the architectural
process is given sufficient time, money and resources. Ideally, there is support
for the architectural artifacts at all levels of management” [202].

Maturity on Interac-
tion and collaboration

The maturity on construct dimension Interaction and collaboration as part of
DyAMM with possible values of 0, A or B and described as: “a great deal of
interaction and collaboration among various stakeholders is required in devel-
oping architecture. Stakeholders like business managers, process owners, in-
formation managers, project managers, and IT specialists are involved. This
interaction and collaboration is very important in making the architectural pro-
cess function well. They make the architectural requirements clear and they
create an opportunity to share the results of the architectural process with the
users of the architecture” [202].

understanding of critical project interdependencies”. Opposed to diagnostic and
actionable deliverables are so called enabling deliverables. Enabling deliverables
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are “deliverables that are composed of information that is collected, providing
input to diagnostic deliverables” [38]. A typical example of such an enabling
deliverable is a Current-state architecture. Enabling deliverables are necessary
to create diagnostic and actionable deliverables but have less value in themselves
in guiding investment decisions. Our research reveals that the EA artifacts used
in the preparation of IT investment decisions in top quartile organizations are
more diagnostic and actionable than those in bottom quartile organizations. We
therefore posit:

P2: There is a positive relationship between the percentage of actionable and
diagnostic EA artifacts that are used in the preparation of IT investment deci-
sions and the quality of IT investment decision outcomes.

Top quartile organizations use more and different types of insights in the
preparation of IT investment decisions. Insights into the Fit with business strat-
egy, Relationship with future investments, and Risks of IT investments, demon-
strate big and significant differences between top and bottom quartile organiza-
tions. In general, these types of insights are related to the bigger picture of an
IT investment and are rather strategic. One of the focus group members com-
mented: ‘When it comes to decision-making it is always about strategy and risks;
the future so to say ’. Feasibility of IT investments, Different solution alternatives,
and Consequences for the current state, show the smallest and not significant dif-
ferences. These types of insights are more related to an IT investment sec, and
rather tactical. Apparently, EA provides more strategic types of insights in top
quartile organizations. We posit:

P3: There is a positive relationship between the percentage of strategic types
of insights that EA provides in the preparation of IT investment decisions and
the quality of IT investment decision outcomes.

Some areas of EA maturity stand out. The most striking is the Relationship to
the as-is state. There is a big difference between top and bottom quartile organi-
zations in the way they connect future and existing situations. In one of the focus
groups it was remarked: ‘Relationship to the as-is state is a confirmation that you
only can create a roadmap when you know the current situation and the gap with
the desired situation’. Top quartile compared to bottom quartile organizations
are more focused on the analysis of the current state and connecting future and
current state: ‘There (in top quartile organizations) a more IT strategy-like archi-
tecture vision is created. Because there are the heat maps, roadmaps, landscape
diagrams and capability models’ and ‘Overview starts with landscape diagrams
and heat maps and from that overview we can determine what are we going to
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do with roadmaps’. Tamm et al. [211] support the need to connect future and
current state. The case study organization they studied created a roadmap for
a successful business transformation based on a baseline (current state) and a
vision (future state). We posit:

P4: There is a positive relationship between the maturity on Relationship to
the as-is state and the percentage of actionable and diagnostic EA artifacts that
are used in the preparation of IT investment decisions.

A finding from this research is that EA provides more strategic insights in the
preparation of IT investment decisions in top quartile organizations compared
to bottom quartile organizations. Some EA maturity areas can possibly explain
the differences in the percentages of strategic insights that EA provides between
top and bottom quartile organizations. Top quartile organizations demonstrate
a higher Commitment and motivation for EA, and Interaction and collaboration
is also on a higher level. These areas in particular, can be seen as prerequi-
sites for enterprise architects to be part of IT investment decision processes and
provide decision-makers with insights [236]. Lapalme argues, in case of the enter-
prise integrating school, that “because the enterprise beast is complex, designs
are achieved through team-based processes, so collaboration and enterprise-wide
commitment are essential” [120]. Several authors point out the importance of
collaboration [14, 71, 211]. This is why we posit:

P5: There is a positive relationship between the maturity on Commitment
and motivation and the percentage of strategic insights that EA provides in the
preparation of IT investment decisions.

P6: There is a positive relationship between the maturity on Interaction and
collaboration and the percentage of strategic insights that EA provides in the
preparation of IT investment decisions.

Finally, we argue that the higher the percentage of actionable and diagnostic
EA artifacts, the more and better the insights that EA can provide in the prepa-
ration of IT investment decisions. This research demonstrates that top quartile
organizations use more EA artifacts, especially the actionable and diagnostic
ones. It is also in these organizations where EA provides more strategic insights.
Therefore, we posit:

P7: There is a positive relationship between the percentage of actionable and
diagnostic EA artifacts and the percentage of strategic insights that EA provides
in the preparation of IT investment decisions.
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Figure 7.8 shows the resulting conceptual model with the relationships be-
tween the different concepts that we discussed. Each concept is represented as
a rectangle. An arrow represents the relationship between two concepts. The
direction of the arrow indicates the dependency between the two concepts. E.g.,
the maturity of an EA practice positively impacts the quality of IT investment
decision outcomes as explained in proposition one (P1).
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Figure 7.8: Resulting conceptual model

7.7 Implications and Limitations

This research is important for decision-makers, practitioners, and researchers.
For decision-makers such as COOs and CIOs, this research demonstrates which
artifacts and insights they need to ask their enterprise architects when preparing
IT investment decisions. This research should also convince decision-makers that
maturing their EA practice pays off. Practitioners can use the conceptual model
as a guide to become more successful in their support of IT investment deci-
sions. The most important lesson for practitioners is that they should tailor their
artifacts and insights to decision-makers. A set of Principles or a Future-state
architecture is likely to provide insufficient support for IT investment decisions.
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Next to these artifacts, Heat maps, Policies and Roadmaps should be considered
to aid in IT investment decision-making. Researchers are provided with frame-
works to measure the contribution of EA and the outcomes of IT investment
decisions as well as insights to further investigate the benefits of EA in relation
to IT investment decisions. Scientific knowledge of EA’s successful contribution
to IT investment decisions has been expanded.

Our study contains limitations. First, this research is based on comparisons
of top and bottom quartiles. We derived propositions from quantitative data
collected by means of a survey. Although we found some significant differences
between top and bottom quartiles, these groups are too small to generalize these
propositions. This calls for further research to statistically test these propositions.
Second, the typology and classification of EA artifacts and EA key insights re-
quire further elaboration. The typology of EA artifacts and EA insights is not
limitative and based on different sources which can be subject to different in-
terpretations. We classified artifacts into diagnostic, actionable and enabling,
and insights into strategic and not strategic. These classifications call for further
tightening and substantiation. Third, the results may have been influenced by
the fact that respondents are affiliated to a specific EA school of thought [120].
As a result, these respondents may follow a different path to EA maturity than
DyAMM. We have not included EA schools of thought in this study. Fourth,
although this research was not limited to geographical boundaries, more than
half of all respondents are from one country, i.e., the Netherlands. The results’
validity might be limited to this geographical area. Fifth, we allowed multiple
participants from one organization. At least 12% of all cases consist of multiple
questionnaires referring to the same organization. This might have an impact on
the validity of our results. Sixth, our measurement model measures perceptions.
As a consequence, this research may contain biases of respondents. Any form
of bias cannot be excluded, although we took measures to guarantee reliability
and representativeness of the data. Seventh, Table 7.6 indicates that respondents
who are responsible for IT investment decisions are more represented in the top
quartile group than respondents who are consulted and informed about IT in-
vestment decisions. We are aware that respondents who are responsible for IT
investment decisions could be biased to give more positive answers regarding the
quality of IT investment decision outcomes.

7.8 Conclusion

In this study we applied a quantitative approach i.e., we used survey data to
generate theory on the use of EA in the support of IT investment decisions. The
study reveals that organizations with the highest quality outcomes of their IT in-
vestment decisions (top quartile organizations) apply EA differently compared to
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organizations with the lowest quality outcomes (bottom quartile organizations).
What distinguishes these former organizations from the latter, is a higher EA
maturity in all EA maturity areas. Top quartile organizations make more use
of EA artifacts in the preparation of IT investment decisions, in particular Heat
maps, Policies, Roadmaps, Business capability models and Landscape diagrams.
In these organizations EA artifacts are not limited to artifacts that only provide
insight and oversight but have evolved to more diagnostic and actionable EA
artifacts. It is also in the top quartile organizations where the EA function pro-
vides more strategic insights during the preparation of IT investment decisions,
especially whether IT investments Fit with the business strategy, the Relationship
with future and past investments and the Risks of IT investments. These findings
are important given the large amounts invested in IT and the risks associated
with these investments. The right EA approach can help organizations to become
more successful in their IT investments. Based on the findings of this research
we defined seven propositions. Further research is required to test these proposi-
tions. This research provides practitioners and decision-makers with insights on
how to improve IT investment decisions. Researchers are provided with insights
for further researching the benefits of EA with regard to IT investment decisions.
This research ultimately demonstrates that investments in EA have a positive
relationship with the quality of the outcomes of IT investments.
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8
Preconditions for the Use of a Checklist
by Enterprise Architects to Improve the

Quality of a Business Case

Enterprise Architecture (EA) is a mechanism to support IT investment decisions.
What is lacking, is a practical tool like a checklist that can be used by enterprise
architects to support IT investment decisions, and more specifically, the business
case. The business case is a common practice to justify IT investment decisions.
The objective of this research is to investigate how the use of a checklist can
support enterprise architects to improve the quality of a business case. To answer
this question, we conducted design science and developed and evaluated a checklist
that can be used by enterprise architects in the assessment of a business case. The
evaluation of the checklist was conducted by means of an experiment. The results
of the experiment with 32 architects demonstrate that using a checklist as such
does not lead to higher quality improvement suggestions in the assessment of a
business case as compared to not using a checklist. In other words, a checklist
alone does not make the difference. Discussion of the results of the experiment
with focus groups reveals several preconditions for the use of a checklist. In any
case, the use of the checklist reduces the risk of overlooking valuable insights to
improve the quality of the business case.

8.1 Introduction

The IT investment decision is the decision to approve or reject an IT investment.
IT investment decisions “select and fund initiatives and address how much to
spend, what to spend it on, and how to reconcile the concerns of different stake-
holders” [227]. Not every IT investment is successful. The CHAOS report, which
we mentioned before, indicates that in 2015 only 29% of projects were success-
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ful, i.e., delivered on time, on budget, and with a satisfactory result. 19% of all
projects failed and 52% were challenged [88]. The high failure rates of projects
indicate that the IT investment decision is a difficult and risky decision. Different
tools have been developed to mitigate the risks of an IT investment decision. The
business case is one of them. Its purpose is to guide management in making the
right IT investment decision.

Enterprise Architecture (EA) has similarities with the business case: it is a
mechanism to support IT decision-making [154]. Different studies demonstrate
that EA delivers insights [145, 66, 204, 117]. These insights are intended to be
useful to different stakeholders, including decision-makers. EA insights should
support decision-makers to make better decisions, including the decision to ap-
prove or reject a business case for an IT investment. In a previous study, we
found evidence that EA can add to the quality of IT investment decisions [17].
In this earlier study we compared organizations with the highest quality of IT
investment decision outcomes (top performers) with organizations with the low-
est quality of IT investment decision outcomes (bottom performers). We found
that EA offers top performers more key insights than bottom performers in the
preparation of IT investment decisions, and in particular strategic insights. That
brought us to the idea whether we can operationalize these insights in a practical
tool that can support enterprise architects to improve the quality of a business
case. In this study we intend to evaluate the use of a checklist for enterprise
architects by which they can assess the business case. This should ultimately
improve the quality of the IT investment decision and lead to more successful
projects. Since the role of enterprise architects in business cases has not been
thoroughly researched, we position this research as exploratory. Our research
question is: How can the use of a checklist be a guide for enterprise architects to
improve the quality of a business case?

The main contribution of this study is a theory for design and action [73]. The
value of EA is in the application of the knowledge and experience of enterprise
architects, i.e., in providing valuable insights to improve the quality of a business
case. This research aims to evaluate the use of a checklist that supports enter-
prise architects in the assessment of a business case. Our research reveals that a
checklist alone does not make a difference unless the following preconditions are
met: 1) the checklist should be properly introduced and communicated; 2) the
checklist should be part of a procedure that should be followed strictly by archi-
tects; 3) the user of the checklist should be trained in how to use the checklist and
the concepts behind the checkpoints; 4) the user should have knowledge of the
domain of the business case; 5) the checklist should be extended with checkpoints
on benefits, costs, and objectives.

This Chapter is structured as follows: in Section 8.2 we present related work.
The research method is explained in Section 8.3. In Section 8.4 we elaborate on
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the way we executed the research, and in Section 8.5 we present the results. The
results are discussed in Section 8.6. In Section 8.7 we discuss the threats to the
validity and limitations. Section 8.8 summarizes the conclusion.

8.2 Related Work

8.2.1 Enterprise Architecture

EA should guide decision-making [91, 90]. Various literature reviews indicate
that EA leads to better decisions [212, 29]. One of the goals of EA is reduced
risk of future IT investments [85]. There is broad consensus that EA guides
and informs IT investment decisions [27, 71, 34, 43]. There is even consensus
that the enterprise architect plays a role in both the development and evaluation
of the business case [85, 223]. In Chapter 1 we positioned EA as a discipline
that is able “to create overview and insights needed to translate strategy into
execution, enabling senior management to take ownership of the key decisions
on the design of the future enterprise” [72]. We consider decisions to approve or
reject a business case as key decisions on the design of the future enterprise since
business cases are at the basis of extending or changing the enterprise.

8.2.2 Business Case

The purpose of a business case is to guide management in making the right IT
investment decision [225, 7, 96]. Over the years the business case has become
one of the best practices to support IT investment decisions. According to Ward
et al. “developing a business case for IT investments is common practice. 96%
of respondents reported that they were required to produce some form of busi-
ness case when justifying IT investments” [225]. Business cases “assess multiple
dimensions of IT projects, including the technology being deployed, its impact
on targeted users and its implications for corporate strategies and business pro-
cesses; business cases hence determine the success of IT investments” [23]. The
business case is a standard part of widely used project management methodolo-
gies like Prince2 [15]. In this research a specific real-life business case was used
that was assessed by architects.

8.2.3 Checklist

A checklist has several advantages. It is a way to deal with the ever-increasing
complexity in a practical way and it helps to make knowledge practical and dis-
seminate it [69]. Furthermore, a checklist makes decision-making less dependent
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on individuals. According to Kahneman organizations are better than individu-
als when it comes to avoiding errors, because they naturally think more slowly
and have the power to impose orderly procedures [94]. The use of a checklist is
a form of orderly procedure. A checklist can make the decision-making process
more rational. Dean and Sharfman found that rational processes were associated
with effective outcomes; political processes were not [48].

In agile software development, there is a great need to collect and transfer
knowledge. It is also important to direct participants’ attention to the right,
significant issues. An artifact that meets these requirements is a checklist [108].
Likewise we can do in enterprise architecture. In Chapter 5 we discussed the
challenges for architects in decision-making in an agile context. One of these
challenges is that stakeholders do not expect thick documents. A checklist can
support enterprise architects to direct decision-makers’ attention to the right
issues.

According to Gawande a checklist must be 1) precise, not vague; 2) practical;
3) contain reminders of the most important and critical steps; 4) simple but exact;
5) contain the “killer-items”: the steps which pose dangerous risks if they are
passed over; and 6) limited: must fit on one page [69]. In this study, the goal of the
checklist is not to avoid danger, but to mitigate risks of IT investments. According
to Gawande there are different types of checklists: “do-confirm” checklists and
“read-do” checklists [69]. A do-confirm checklist is where you confirm you have
carried out the specified action. In case of a read-do checklist you read the item
and then go do what is specified.

In order to gain the necessary perspective on what is considered a good check-
list we performed a systematic literature review (SLR). By searching the literature
for papers that mention the quality of a checklist, we extracted data on several
key factors that contribute to the success of a checklist. The literature was dom-
inated by publications describing a checklist used in surgery, however many of
them described its implementation in a particular domain of surgery to provide
variety. Interesting data surrounding the corpus of papers includes the increas-
ing trend of publications in recent years, with a large increase in publications
occurring since 2012. In addition, the corpus confirms Gawande’s preference for
do-confirm checklists, as 83 out of the total 103 papers used this type of check-
list. In addition, the number of checkpoints used in the checklists exceeds the
9 points that Gawande suggests, with the corpus averaging around a total of
19 checkpoints. The review checked the criteria that each publication used for
measuring the success of their respective checklist, which showed a general trend
in behaviour and implementation, both of which were keywords assigned to the
effects surrounding the general behaviour of end-users towards the checklist as
well as the practice of introducing the checklist to the already existing task it is
intended to improve. Lastly, looking at the actual results as presented in the pub-
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lications, making use of the keywords, we saw that the positive results associated
with introducing a checklist were mainly focused on behaviour, implementation,
and communication. This shows that the checklist was not only effective in reach-
ing their intended goal, or improving the process of reaching said goal, but also
to improve the behaviour of those that would be using the checklist and their
communication on the tasks they are performing.

8.3 Research Method

8.3.1 Research Approach

To address our research question, we apply design science [80]. Design science
creates and evaluates artifacts intended to solve identified organizational prob-
lems. Its two main processes are “build” and “evaluate”. The artifacts are
constructs, models, methods, and instantiations. In our research, we intend to
build a checklist for enterprise architects by which they can assess a business
case. The checklist is based on earlier research identifying the insights that EA
provides in the preparation of IT investment decisions [17]. The main focus of
this research is on the empirical evaluation of the checklist. This evaluation took
place in an experiment and the results were discussed in focus groups.

Figure 8.1 shows the overall research model. First, we studied literature on
checklists. Second, we developed a checklist and third, we evaluated the checklist
using an experiment with five groups. Fourth, we discussed the use of the checklist
in focus groups. We elaborate on the second, third, and fourth step in the next
subsections. The SLR was already discussed in Section 8.2.

Development of 
checklist

Systematic
literature review 

on checklists

Evaluation of 
checklist in 
experiment

Discussion
checklist in 

focus groups

Figure 8.1: Research approach

8.3.2 Checklist Design

As part of this research a checklist was created with which architects can assess
a business case. This checklist is intended as an instrument to be used by enter-
prise architects in an area where EA and IT investments come together; it can
thus function as a boundary object between the communities of EA, project man-
agement, and senior management [199]. The design of the checklist was largely
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inspired by Gawande [69]. We applied Gawande’s six criteria for a good checklist
and created a do-confirm checklist. The first version of the checklist was based
on earlier research and contains the key insights (from Table 7.2) that EA can
provide related to IT investment decisions [17]. The checklist is modelled like in
Kahneman et al. and contains checkpoints where each one has some underlying
questions to clarify the checkpoint and encourage the checklist user to look for
answers to these questions in the business case [95].

8.3.3 Experiment Design

The model in Figure 8.2 shows the main variables relevant for the experiment,
i.e., the checklist as the independent variable and the quality of the improvement
suggestions for a business case as the dependent variable. The decision-making
context and the EA context are considered as confounding variables.

Quality of 
improvement
suggestions

business case

Checklist

Decision-making context
EA context

(confounding variable)

Figure 8.2: Research design of experiment

We followed Wohlin’s et al. principles of experiment design [231]. According
to Wohlin an experiment is “an empirical enquiry that manipulates one factor
or variable of the studied setting. The starting point of such a design is that
we believe that there is a relationship between a cause construct and an effect
construct”. The cause construct in this study is the use of a checklist, the effect
construct is the quality of improvement suggestions for a business case. We have
scoped this part of our research by means of a goal definition framework as:

170



Preconditions for the Use of a Checklist by Enterprise Architects to Improve
the Quality of a Business Case

Analyze the improvement suggestions for a business case of an IT investment,
for the purpose of evaluation of the added value of a checklist, with respect to the
quality of improvement suggestions for the business case, from the point of view
of the decision-maker, in the context of architects assessing the business case.

This study is a so-called “multi-test within object study”, which means that
we study a single object, i.e., one business case, across multiple subjects, i.e.,
architects. Treatment one is architects using a checklist, and treatment two is
architects not using a checklist in the assessment of a business case. This leads
to the following hypotheses:

H0: there is no or a negative difference in the quality of the improvement
suggestions between treatment one and two. H0 : µSchecklist ≤ µSwithoutchecklist

H1: there is a positive difference in the quality of the improvement sugges-
tions between treatment one and two. H1 : µSchecklist > µSwithoutchecklist

Where µ is the average, S is the score of the improvement suggestions of
the business case, Schecklist is the score of the assessment with checklist and
Swithoutchecklist is the score without checklist.

We analyze the results and statistically approve or reject the hypotheses by
means of a t-test. The object of this experiment is a real-life business case
from the Dutch Government [220]. This business case was chosen because it
was publicly available and because there was plenty room to seek improvement.
The business case contains 42 pages including nine appendices. The requested
investment is EUR 1.8 Million. The aim of the investment is to improve the
System Catalogue of the Dutch Key Registers in terms of usability and content.

The subjects involved in our design are architects. We approached different
networks of architects and consultancy and IT organizations that employ archi-
tects. Five of these networks and organizations collaborated. In the end 33 people
participated across five groups. The participants had to assess the object and
develop improvement suggestions.

The quality of the improvement suggestions of the participants was deter-
mined by a panel of five experts who were supposed to act as decision-maker.
They were asked to rank all improvement suggestions with a score between 1 and
5, where 1 is the lowest and 5 the highest score.

The decision-making context and the EA context are possible confounding
variables that may influence the results of the experiment. The decision-making
context consists of many variables. Specific to the role of enterprise architects
with regard to IT decisions, earlier we found different variables like the level of
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formalization of the IT decision-making process, and the time pressure of the
issue underlying the IT decision (see Figure 3.2) [21]. Many other variables
exist (see Figure 2.2) [157, 20]. The EA context consists of elements like the
maturity of the EA practice, the experience of the architect, the interaction and
relationship between architect and decision-maker, and the embedding of the role
of the architect in the business case process [17, 18, 77, 19]. Our experiment was
conducted in an off-line situation, under controlled conditions, i.e., the context in
our design was largely controlled. Most context elements were fixed during the
experiment, except the knowledge and experience of the architect. To achieve
comparable results, we asked the participants to provide us with their experience
in assessing business cases, the number of years work experience, and the number
of years of experience with architecture.

The checklist and the business case were tested in three different pre-tests
before we started the experiment. The goal of the first pre-test was to validate the
usefulness and content of the checklist with two experienced enterprise architects.
Based on this test we changed the order of checkpoints, the language from English
to Dutch, and made some minor content adjustments. We also got confirmation
that a checklist can support enterprise architects in systematically improving
a business case. In the second pre-test we asked two experienced enterprise
architects to test the usefulness of the business case. The outcome was positive;
the business case in question was judged as leaving enough room for improvement.
Another advantage of this business case is that most architects have at least a
basic understanding of the context, i.e., Dutch government. The second test
led to some minor changes in the checklist. In the third pre-test, again with
two architects, we tested how much time was needed for the experiment. We
conducted the trial exactly the same way as the actual experiment. We found a
maximum of 90 minutes acceptable. It took the two architects 66 and 81 minutes
respectively. Both architects thought that the checklist would have added value
for architects in assessing business cases.

8.3.4 Focus groups

After each experiment, participants were asked to provide feedback on the ex-
periment. The different groups thus also acted as confirmatory focus groups
for artifact refinement and evaluation [217]. We asked the participants with a
checklist whether they used it and to what extent. We also asked for their ideas
how to successfully use the checklist. Furthermore, the participants of the 3rd,
4th, and 5th group were provided with preliminary results of the previous groups
and asked for their thoughts on those results. One of the researchers took notes
during the focus group session.

172



Preconditions for the Use of a Checklist by Enterprise Architects to Improve
the Quality of a Business Case

8.4 Execution

8.4.1 Data Collection and Analysis

All architects in our experiment were provided with the same business case. The
assignment of subjects to each treatment was selected randomly. Half of one
group of architects was asked to assess the business case using a checklist and
the other half without a checklist. Participants were not aware there was go-
ing to be a checklist, nor that some of their fellow participants were using one.
Architects were given the same assignment; developing improvement suggestions
for the business case. The precise question that was asked: “please formulate
improvement suggestions for this business case so that a good decision can be
made”. The participants with a checklist were asked to read the checklist in
advance and use it to assess the business case. They were instructed to use the
checklist however they saw fit.

For the introduction of the experiment to the participants and for the col-
lection of data, different forms were created. The assignment was introduced by
means of an instruction letter. Copies of the business case and forms were made
available to all subjects and were put in one envelope. The envelopes with a
checklist had a different introduction letter compared to the envelopes without
the checklist. The envelopes were numbered and distributed randomly across the
participants. Every participant was given one envelop. The differences between
envelopes were not known to the participants. The participants had to bring their
laptops so that data could be collected at the experiment location. By the end of
the experiment the participants had to email their improvement suggestions to
one of the researchers. Participants had also to sign a consent form and to fill in
a demographics form. By means of the demographics form we collected data on
their experience in assessing business cases, their working experience, and their
experience with architecture.

The five experiments were held in November and December 2018, lasted about
3 hours per experiment and were supervised by two researchers. The experiment
started with a short introduction of the participants and the experiment. Sub-
sequently, the envelopes were randomly distributed among the participants and
the experiment began. Participants were asked to work individually and not to
share their thoughts with others. It took the participants between 60 and 105
minutes to complete the task. After a break the experiment was discussed with
the participants and only then they became aware of the different treatments.

During the experiments we collected improvement suggestions for the busi-
ness case. We received in total 365 improvement suggestions. Eight suggestions
were excluded because the same participant came with identical suggestions or
the suggestion did not indicate any improvement or shortcoming. One partici-
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pant was excluded because of a lack of any architecture experience. Accordingly,
another five suggestions were excluded. In the end we included 352 improve-
ment suggestions in the analysis. These suggestions were linked to keywords.
Keywording is meant to assist in comparing the data and to remove too much in-
dividuality from the extracted data [159]. Using keywords, we were able to check
whether the improvement suggestions could be related to one of the checkpoints
on the checklist. The list of keywords was initially created based on the pre-tests
and contained 16 keywords. After each experiment the list of keywords grew.
In the end we had 22 different keywords. Each improvement suggestion has at
least one keyword. The keywords were assigned by two researchers independently
from each other. Differences were discussed and resolved. The total number of
keywords assigned to the improvement suggestions is 415.

By the end of the experiments all 352 improved suggestions were assessed
by five experts. Each of them gave each suggestion a score from 1 to 5. The
experts worked independently from each other. They did not know whether an
improvement suggestion was the result of one of the two treatments. The experts
were asked to use their own frame of reference when assessing the improvement
suggestions. Statistical analysis was conducted with SPSS, a software package
for statistical analysis. Researchers took field notes throughout the experiments.

8.4.2 Checklist

Table 8.1 contains the checklist that we used in this research. This checklist un-
derwent seven iterations. We first discussed the checklist among researchers and
modified it. Then three pre-tests were conducted in which we gathered feedback
and modified the checklist. One of the discussions we had during the develop-
ment of the checklist was whether to include benefits and costs as checkpoints.
The participants of the first pre-test were strongly against the introduction of
benefits and costs. They found that architects should mainly concern themselves
with the content and solution alternatives, and not with the benefits and costs.
So we decided not to include benefits and costs as checkpoints. The checklist and
newer versions are available at https://github.com/bergmart/EA-checklist.

8.5 Results

8.5.1 Descriptives

Table 8.2 contains demographic data and demonstrates that the participants with
checklist are on average older and have more experience. Five architects had no
experience in assessing business cases and 26 did have experience. Five of the
32 participants have the Belgian and 27 the Dutch nationality. Four of the 32
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Table 8.1: Checklist

Checkpoints Underlying questions

Check the fit with the business strategy To what extent does this business case realize the business strategy?
Is this business case in line with the business strategy?
Is this business case in conflict with the business strategy?
To what extent does this business case meet the set business objectives?

Check the future options To what extent does this business case generate opportunities that can
be redeemed in the future?

Check the stakeholders’ concerns To what extent are the concerns of the stakeholders known?
Are these concerns sufficiently reflected in the business case?

Check the solution alternatives What are the solution alternatives to realize this business case?
Are these solution alternatives recognized in the business case?
Are the solution alternatives weighed up?
Is the proposed solution motivated?
Does the proposed solution meet the interests of the stakeholders?
Does the proposed solution make it possible to redeem the benefits of
this business case?

Check the relationships with other business cases Can other business cases benefit from this business case?
Can this business case ruin other business cases?

Check the consequences for the current state What are the consequences for the current landscape?
Are these consequences recognized in the business case?
To what extent can this business case ruin the current landscape?

Check the fit with the future-state architecture To what extent does this business case realize the future-state architec-
ture?
Is this business case in line with the future-state architecture?
Is this business case in conflict with the future-state architecture?
Is this business case in line with architecture principles, policies and
standards?
Is this business case in line with current market developments?

Check the feasibility To what extent is this business case feasible?
What makes it difficult to realize the solution for this business case?
What makes it difficult to realize the benefits of this business case?
Is the feasibility of the solution addressed in the business case?
Is the feasibility of the benefits addressed in the business case?

Check the risks What are the main risks to realize this business case?
Are these risks recognized in the business case?

participants were women, the rest men. All participants have experience with
architecture, but have different job names like enterprise architect, architect, IT
architect, business architect, domain architect, solution architect, tribe architect,
consultant, program coordinator, business engineer, CEO, and team lead.

Table 8.2: Descriptives per treatment and overall

Treatment one Treatment two Overall

Number of participants 17 15 32
Experience in assessing business cases 14 12 26
No experience in assessing business cases 2 3 5
Unknown experience in assessing business cases 1 0 1
Average age 50.12 43.06 48.16
Average number of years working experience 24.88 20.87 23.00
Average number of years experience with architecture 13.41 11.30 12.42

The first group consisted of six participants from an IT service provider.
The second group had three participants from a consultancy company. The
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third group comprised 11 participants from the CIO-platform, a Dutch network
organization for CIOs. The fourth group had five participants from a Belgian
consultancy company and the fifth group consisted of seven participants from
the NAF, a Dutch architecture network. Five experts rated all improvement
suggestions. These experts have extensive experience in the development and
assessment of business cases. The average number of years working experience is
24. The average age of the experts is 48.4.

8.5.2 Experiment and Focus Groups

The ratings of the experts, their job titles as well as the criteria that they used
are shown in Table 8.3. Table 8.3 demonstrates that four out of five experts gave
the improvement suggestions from participants without a checklist a higher score
than the improvement suggestions of participants with a checklist. Table 8.3 also
shows that although the experts used different criteria in the assessment of the
improvement suggestions, they are fairly close in their judgement.

Table 8.4 contains the main results of the experiment and shows that the mean
of the scores of the participants without checklist (µSwithoutchecklist = 3.07) is
higher than the mean of the scores of the participants with checklist (µSchecklist

= 2.97).
We conducted an independent sample test (t-test) in SPSS with the scores of

the participants as the dependent variable and the treatment as the independent
variable to determine whether the differences between the two treatments are
significant. The scores per treatment are normally distributed and homogeneous.
The two assumptions of the t-test (normality and homogeneity) are thus met. The
result of the t-test demonstrates that the differences between the mean values of
the two treatments are not significant, t = .81, df = 30 and p = 0.42. This means
that for assessing the business case, there is no significant difference between a
participant using the checklist or not [62]. H0 is thus accepted and H1 rejected.

In addition to statistics per participant, we created statistics per keyword.
After all, every improvement suggestion is provided with keywords. At least one,
but in some cases also two or three keywords. A total of 415 keywords have been
assigned. For each type of keyword, the score of the improvement suggestions is
calculated. Table 8.5 contains the keywords that are linked to an improvement
suggestion at least 10 times.

Seven of the 14 keywords in Table 8.5 can be directly related to checkpoints
on the checklist (with asterisk). Seven other keywords cannot. The analysis
of keywords shows that the highest scoring improvement suggestions relate to a
checkpoint that cannot be extracted directly from the checklist, namely Benefits
and Objectives. What stands out in Table 8.5, is that the improvement sugges-
tions of participants with a checklist (treatment one) refer much more often to
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Table 8.3: Ratings and criteria per expert

Expert Mean
treat-
ment
one

Mean
treat-
ment
two

Role Criteria

1 2.74 3.03 Senior
manager

My main criterion was: “would I take up this suggestion and im-
prove something concrete with it, if this had been my business
case”? The main reasoning was whether the suggestion really adds
something to understanding, decision-making and/or benefit track-
ing (e.g., clarification, simplification, and tightening). The key ques-
tion, in my opinion, is “Why should we do this”?

2 3.14 3.02 Senior
adviser

The degree of impact the suggestion has on the following aspects:
benefits, context, content, substantiation of the advice, editing of
the document, scenarios, future state, and implementation aspects.

3 2.37 2.41 Program
manager

1) Is it an improvement because thought has been given to future
maintainability, manageability, and usability that requires IT expe-
rience? These comments are very valuable and here is the added
value of engaging the enterprise architect. These comments can
vary in the ranking between 1 and 5. 2) Is it an improvement that
concerns the description of business benefits, business strategy, cal-
culation, etcetera? These are essential remarks that require that
someone is experienced on the business process in question. This
is not unique for the enterprise architect (a good controller could
have done it) but it does add value. These remarks are not higher
than 3 in the ranking. 3) Is it an improvement linguistically, seman-
tically, or about the document structure etcetera? Every reader can
do this. The enterprise architect has no unique added value. The
comments can be ok, but they do not exceed 3 in my ranking.

4 3.40 3.66 CIO 1) The degree of argumentation and constructiveness of the sugges-
tion. 2) The extent with which I could agree with the content of the
suggestion.

5 3.10 3.35 Head
of CIO
Office

I always look broadly and start from projects that are initiated
from a business perspective. In other words, for me the whole pro-
cess is important. This process covers the business idea, IT realiza-
tion, the implementation of the process and all IT and non-IT tools,
and includes maintenance, management and life cycle. I started
working from this perspective.

Table 8.4: Statistics per treatment and overall

Treatment one Treatment two Overall

Number of participants 17 15 32
Number of improvement suggestions 195 157 352
Average number of improvement suggestions per participant 11.47 10.47 11.00
Mean of scores of improvement suggestions per participant 2.97 3.07 3.02
Standard deviation of scores of improvement suggestions per partic-
ipant

0.34 0.41 0.37

checklist related keywords than improvement suggestions of participants with-
out a checklist (treatment two). Participants without a checklist came up with
more improvement suggestions about the readability of the business case than
participants with a checklist.

Of the nine checkpoints on the checklist, two are not included in Table 8.5
because they have been linked as a keyword to improvement suggestions less than
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Table 8.5: Keywords ranked according to the scores of improvement suggestions
to which they are linked

Keyword Mean
of score

Total number
of keywords

Linked to improve-
ment suggestions

treatment one

Linked to improve-
ment suggestions

treatment two

Benefits 3.41 49 21 28
Objectives 3.33 31 11 20
Business vision and strategy *) 3.31 11 10 1
Risks *) 3.28 16 11 5
Alternatives *) 3.25 39 31 8
Current state *) 3.17 12 10 2
Requirements 3.16 16 7 9
Stakeholders *) 3.06 33 22 11
Context *) 3.05 15 13 2
Costs 2.99 38 22 16
Approach 2.91 10 3 7
Future state *) 2.82 20 14 6
Functionalities 2.82 12 9 3
Readability 2.42 66 25 41

10 times. These are listed in Table 8.6. Table 8.6 demonstrates that Feasibility
has the highest score of all keywords. On the other hand, it is only linked seven
times to improvement suggestions.

Table 8.6: Remaining keywords belonging to checkpoints on the checklist

Keyword Mean
of score

Total number
of keywords

Linked to improve-
ment suggestions

treatment one

Linked to improve-
ment suggestions

treatment two

Feasability *) 3.46 7 6 1
Future options *) 3.16 5 5 0

We also learn from Tables 8.5 and 8.6 that the keywords that refer to the
checklist, are much more common among participants with a checklist than par-
ticipants without a checklist. The checklist does its job. Apparently, participants
with a checklist are highly influenced by the checkpoints on the checklist and refer
to these checkpoints much more often compared to participants without a check-
list. The checklist is thus valuable because it decreases the risk of overlooking
insights.

A possible confounding factor is the experience of the architect in assessing
business cases. The mean of scores of improvement suggestions of all 26 expe-
rienced architects is 3.00. The mean of scores of all 5 inexperienced architects
is 3.16. The architects with no experience in assessing business cases developed
slightly better improvement suggestions as compared to architects with experi-
ence in assessing business cases. Experience seems of no relevance. A correlation
analysis in SPPS between the mean score of the participant and the number of
years of experience as architect confirms this result. The Pearson’s correlation
coefficient r = .01 and p = .97, showing that the relationship between experience
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with architecture and score is very weak. The correlation between the mean score
of the participant and the number of years of working experience is r = .01 and p
= .94, demonstrating that also the relationship between experience and score is
very weak. It should be noted that we have a relatively small sample size (N=32).

The use of a checklist as such does not lead to higher quality improvement
suggestions in the assessment of a business case as compared to not using a
checklist. In other words, a checklist alone does not make the difference.

8.6 Discussion and Contribution

8.6.1 Discussion

The results of this research are surprising. We expected participants with a check-
list to make better improvement suggestions compared to participants without
a checklist. All the more so because in the discussion with participants after
the experiment, they almost unanimously indicated that the checklist has added
value. In addition, the participants in treatment one are on average older, have
more work experience, and are more experienced as architects. Why is there no
difference, and why is the average score of the participants with a checklist even
lower?

The discussions at the end of the experiment revealed that some participants
who had a checklist at their disposal did not use it at all or only glanced at it.
One of the participants explained: ‘I read the checklist and thought, yes, I know
all of this, and after that I did not explicitly use the checklist anymore’. Another
participant with a checklist first assessed the business case without a checklist
and then supplemented the improvement suggestions based on the checklist. Ac-
cording to his own words, he covered 90% without using the checklist. However,
looking at his submission, it appears that he paid attention to only 6 of the 9
checkpoints (66%). Gawande argues that “it feels somehow beneath us to use
a checklist, an embarrassment” [69]. Apparently, some participants felt embar-
rassed too. They tend to prefer their own way of working and frame of reference
over a standard operating procedure and checklist. A checklist may feel like ad-
ditional bureaucracy and block the initiative, intuition, and common sense. The
SLR suggests that positive results of the introduction of a checklist are associated
with behaviour, implementation, and communication. When we want architects
to make good use of a checklist we need to properly introduce and communicate
this in advance.

Looking at the submissions of the participants with a checklist, some included
their own frame of reference, in terms of setting out a framework, a set of key
performance indicators, or a list of what they thought was important. Just as if
they created their own checklist at the moment they discovered that they were
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supposed to use one in the experiment. Gawande points to issues professionals
have in using a checklist. One of these issues is that individual autonomy seems
the ideal we should aim for. Novelty and excitement is what we like. Gawande
argues that in situations of high stakes and complexity protocols and procedures
are required, and in line with that, discipline. But discipline is hard and some-
thing we have to work at [69]. Using a pre-defined checklist like ours, also requires
discipline.

A closer investigation of the improvement suggestions reveals that some par-
ticipants with a checklist followed the checklist closely but came up with rather
meaningless suggestions. In the NAF group it was rightly noted that instructions
are also needed for using the checklist. This is to prevent people from using the
checklist indiscriminately, as has indeed happened in some cases. On average,
participants without a checklist came up with fewer improvement suggestions
compared to participants with a checklist (10.47 compared to 11.47), but these
suggestions are of a higher quality. Apparently, without a checklist, one is forced
to find out where to assess the business case. This may take more time, resulting
in fewer suggestions, but better thought through. This also indicates that the
way the checklist is used determines the success of the assessment of a business
case. A form of instruction in how to use the checklist and how to interpret the
concepts behind the checkpoints is required.

Another reason why the checklist did not lead to higher quality improvement
suggestions may lie in its completeness. If Benefits had been included as a sep-
arate checkpoint on the checklist, participants with a checklist would probably
have named it more often and would have scored higher. The same goes for
Objectives. As can be seen in the checklist, Objectives is not a separate check-
point, but part of Business vision and strategy. The NAF group made a plea for
a separate checkpoint. One of the discussions with the groups was whether the
checklist should also include aspects that should be assessed by other disciplines
involved in a business case. The most sensitive point is whether the architect
should also assess Costs and Benefits. Some architects, as we found in our pre-
test, are opposed to this. After all, you have controllers for Costs and Benefits.
Others, like the CIO-platform, the Belgian consultancy company, and the NAF
groups, are strongly in favour of the architect taking the Costs and Benefits into
account, because solution alternatives have budgetary constraints, have an im-
pact on Costs and Benefits, and many decision-makers talk in terms of Costs and
Benefits. If you want to play along as an architect, you cannot avoid translating
your solutions into Costs and Benefits. One of the participants with a checklist
argued: ‘I did not use the checklist, because a business case is about benefits and
costs, and these are missing from the checklist ’. The majority of the participants
in the focus groups are of the opinion that Costs and Benefits should be added
to the checklist as checkpoints. In adding checkpoints on Costs and Benefits to
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the checklist, the quality of improvement suggestions might increase. We are
aware that the checklist then may contain checkpoints that are not unique for
an enterprise architect. Like expert 2 noted, some checkpoints (Future options,
Solution alternatives, Relationships with other business cases, Consequences for
the current state, Fit with the future-state architecture, and Feasibility) are specif-
ically attributable to enterprise architects. Other checkpoints (Fit with business
strategy, Stakeholder concerns, Risks, Costs and Benefits) require the attention of
different stakeholder groups including enterprise architects. By introducing new
checkpoints, the checklist could become less EA specific, since the new check-
points are not specifically attributable to enterprise architects. We suggest mak-
ing the checkpoints as EA-specific as possible. Instead of asking “To what extent
are the benefits of this business case reliably estimated?”, we should question
“To what extent do the solution alternatives contribute to the benefits?”. In the
end, the completeness of the checklist may be another success factor in using a
checklist to assess a business case.

Domain knowledge is another success factor. Take for example Feasibility.
As a keyword, it is only mentioned seven times. This may be because the busi-
ness case that we used in the experiment is not easy to understand without
domain knowledge. For example, knowledge on what made previous projects
successful in the same context. Participants without a checklist did not even
mention checkpoints that were difficult to answer. They just don’t think about
it. Domain knowledge is also required for checkpoints like Check the fit with the
future-state architecture and Check for future options. When we look closer at
the improvement suggestions with the keywords Future-state Architecture and
Future Options, these suggestions were regularly along the lines of ‘Not seen’ or
‘Do not occur ’; quite meaningless. The lack of domain knowledge among the par-
ticipants with a checklist, makes it difficult for them to translate checkpoints into
good improvement suggestions. In a real-life situation, the use of the checklist
in combination with domain knowledge almost certainly leads to higher quality
improvement suggestions compared to not using a checklist.

One of the results of this research is that participants with a checklist refer
much more often to checklist related keywords than participants without a check-
list. One of the participants, who used the checklist completely, explained: ‘This
checklist ensures that your mindset will be focused in advance when you start
reading the business case. The checklist provides structure. You start reading
and assessing the business case with a kind of frame in your head ’. This can be
one of the reasons that participants with checklists had fewer improvement sug-
gestions on the readability of the business case compared to participants without
a checklist. It was also remarked that ‘The checklist contains checkpoints you
do not immediately think of, like the relationship with other business cases’. In
any case, by using the checklist completely, the chance of overlooking valuable
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insights decreases.
Our checklist is not yet finished. It should be modified according to the

results of this research and tested in a real-life situation, i.e., a situation where
the architect has domain knowledge. The best test is where the architect uses the
checklist as a do-confirm checklist. This means that the architect first assesses
the business case from his/her own perspective and then uses the checklist to
see if there are any checkpoints that were overlooked and should be taken into
account. By doing this in a number of real-life situations, the checklist can be
further refined. Another test is to compare the assessment results of the architect
with the assessment results of other stakeholders. This comparison may also lead
to further refinement.

The image that emerges from the experiment and the discussion is that of
architects who, over time, developed their own frame of reference and work ac-
cordingly. This is in line with Hoorn et al. who concluded that “architects
are rather complicated individuals”, and “with respect to sharing architectural
knowledge, architects are not the community builders many expect them to be.
Instead, they are rather lonesome decision-makers who act in splendid isolation”
[84]. In the end, the objective should be to create one checklist for all disciplines
involved in a business case. According to Gawande, teamwork is essential [69].
The development of a business case is teamwork. It would be great to have one
checklist for a business case covering all aspects of all disciplines, including EA,
and discuss these aspects among all disciplines rather than assess the business
case per discipline. Such a checklist can really function as a boundary object
between different disciplines.

What came as a surprise in this study, is that the experience of architects did
not matter in the assessment of a business case. Strano and Rehmani argue that
one of the competencies that is most needed to be effective in the role of enterprise
architect is business acumen [208]. Business acumen refers, amongst other things,
to managerial qualities such as experience with preparing business cases. Our
research demonstrates that this form of business acumen is not necessarily based
on experience. Op’t Land et al. argue that experience is one of the ways to
acquire the competencies of an enterprise architect, while education is another
[154]. They also notice that job ads for enterprise architects typically ask for
more than 5 years of experience [154]. Our study demonstrates that this is not
necessary for all EA tasks. The notion that experience is of less relevance for an
enterprise architect requires further research.

To summarize, the use of a checklist as such in the assessment of a business
case does not help architects to improve the quality of a business base. However,
the chance of success can be increased when:

• the checklist is properly introduced and communicated;
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• the checklist is part of a procedure that is strictly followed by architects;

• the user of the checklist is educated in how to use it and the concepts behind
the checkpoints;

• the user has knowledge of the domain of the business case;

• the checklist is more complete and is extended with checkpoints on benefits,
costs, and objectives.

Under these conditions the checklist most likely improves the quality of im-
provement suggestions in the assessment of a business case as compared to not
using a checklist. In any case, the risk of overlooking valuable insights is re-
duced. However, one point of concern is still the image of an architect as a
lonesome decision-maker. In the improvement of the quality of a business case,
the architect should at least be a team player, and preferably a team builder.
One who understands how to interact with other disciplines involved in the de-
velopment and assessment of a business case and is even able to lead the process
to develop a world class business case.

8.6.2 Contribution

The main contribution of this study is that we developed a theory for design and
action [73]. We built and evaluated a checklist that can be used by enterprise
architects in their assessment of a business case. For EA practitioners, this check-
list can be used in the development and assessment of a business case. However,
what is even more important for EA practitioners, is the insight that a checklist
as such does not make the difference. It is a combination of different factors that
determines the success of using a checklist. For researchers, this study adds to
the EA knowledge base with a checklist and insights on how to use it. Next to
that, opportunities for future research were revealed. The checklist should be
revised and tested in case studies. Another interesting area for future research is
how much experience is needed to function as an enterprise architect.

8.7 Threats to Validity and Limitations

The following threats may occur to the validity of an experiment: conclusion,
internal, construct, and external validity [42]. Conclusion validity was achieved
by statistical tests, preparation, and measurement of results. A weak point in
our design is that the quality of the improvement suggestions is measured by
experts, which is a subjective way of measuring. To reduce the subjectivity we
included five experts in the scoring of the improvement suggestions. Another
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weak point is the sample size. We had 32 participants, which is too small to
draw statistically relevant conclusions. Due to the small sample size, the division
of participants over treatments was a little imbalanced. Participants of treatment
one are on average older and have more experience. Internal validity was achieved
by randomly dividing subjects over treatments. Construct validity was achieved
by using a real-life business case and by pre-testing this business case to make sure
it contains room for improvement. Another measure was to ask experts to rank
the improvement suggestions. This is also a weak point in our design, because it
is a subjective way of measuring. We are aware that some possible biases may
occur, such as hypothesis guessing and evaluation apprehension [220]. External
validity was achieved by conducting the experiment at five different locations,
each with a different group of architects, and by using a real-life object.

A limitation of this research is that different kinds of architects participated in
the experiment. Results may be biased according to the background and the belief
system of the architect. Another limitation is that we used one similar business
case to achieve comparable results among participants. Another business case
may generate different results. Further research is required to evaluate and refine
the checklist on different business cases. A third limitation is that we focused
on the evaluation of the checklist. A more profound design of the checklist may
yield different results. Consortium research is an approach to further strengthen
the design of the checklist [156].

8.8 Conclusion

The aim of this study was to develop and evaluate a checklist by which enterprise
architects can assess a business case and thus contribute to the quality of a
business case. This should ultimately improve the quality of the IT investment
decision. We started with a systematic literature review on checklists, followed
by the development of a checklist and the evaluation of the checklist by means
of an experiment and discussion in focus groups. The results of our research
demonstrate that a checklist alone does not make any difference in the quality
of the improvement suggestions of architects that assessed a business case. Our
research also reveals preconditions for the use of the checklist. First, the checklist
should be properly introduced and communicated. Second, the checklist should
be part of a procedure that should be followed strictly by architects. Third, the
user of the checklist should be trained in how to use the checklist and the concepts
behind the checkpoints. Fourth, the user should have knowledge of the domain
of the business case. Fifth, the checklist should be extended with checkpoints
on benefits, costs, and objectives. When these factors are applied, the use of
the checklist is likely to improve the quality of a business case, though further
research is needed to confirm this. Another surprising finding from this research
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is that experience makes no difference in the assessment of a business case by
architects. This is also an area for further research. In any case, the use of the
checklist reduces the risk of overlooking valuable insights that would otherwise
have gone unnoticed.
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9
Conclusions

The main objective of this thesis is to research how EA can improve IT deci-
sions.. We therefore investigated the relationship between EA and IT decision-
making from different points of view. In this final Chapter we revisit the research
questions and elaborate on how our research addressed them. We finish with
recommendations for future research.

9.1 Revisiting the Research Questions

In this Section the research questions are revisited and provided with answers.

RQ1: What constitutes IT decision-making and what are the implications for
enterprise architects?

By investigating IT decision-making literature we found that IT decision-
making is a process that is complex in nature, impacted by many variables and
factors, and in which both rational and irrational approaches are followed. These
variables and factors make each IT decision-making process somewhat unique
and context-dependent. Enterprise architects should be aware of this and not
blindly follow methodologies. They need to realize that they are part of a process
in which humans with different preferences and interests participate. It is not
solely the knowledge of an enterprise architect that counts, but also the way in
which they combine this knowledge with the right personal skills to influence IT
decision-makers. It is ultimately not a matter of enterprise architects being right,
but a matter of them getting their way. We also found that IT investment and
prioritization is by far the largest category of IT decisions. However, based on the
literature we studied, it appeared that the EA function was hardly involved in IT
investment and prioritization decisions. As an important implication of this study
we suggest enterprise architects follow the money. Although enterprise architects
are primarily concerned with content, we suggest that combining content with the
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related financial implications will increase their influence on IT decision-making,
which may ultimately lead to better IT decisions.

RQ2: What factors determine the successful influence of enterprise architects
on IT decisions?

We studied three different organizations, each providing a case in which they
were satisfied with the role of enterprise architects in supporting decisions to re-
solve a particular issue. Although EA’s role was in all cases perceived as success-
ful, we found that the contribution of the enterprise architect varied considerably
from case to case. This leads to the conclusion that the role of the enterprise archi-
tect depends on the decision-making context. The better the enterprise architect
understands the decision-making context, the higher his or her influence on IT
decisions is. We identified four different context factors that determine the role of
the enterprise architect in IT decision-making processes: 1) the extent to which
the IT decision-making process is formalized; 2) the mindset of decision-makers;
3) the magnitude of impact of the issue; 4) the time pressure of the issue. The
more formalized the IT decision-making process, the more the enterprise architect
can rely on standard ways of involvement with standard deliverables. Different
mindsets of decision-makers require different types of deliverables to be provided
by the enterprise architect. For analytical mindsets diagnostic deliverables are
required, such as a thorough future-state architecture. Operational mindsets re-
quire actionable deliverables such as a roadmap. The greater the magnitude of
impact of an issue, the greater the need for a more thorough architecture analysis
at the outset. The greater the time pressure of an issue, the stronger the prefer-
ence for in-breadth analysis over in-depth architecture analysis. In all three cases
that we studied, the enterprise architects were regarded as successful because
they adapted their way of working to the decision-making context.

RQ3: What is the impact of the decision-making context on enterprise
architects?

The answers to RQ1 and RQ2 already indicated that it is important for en-
terprise architects to understand the decision-making context. That is why we
studied two specific types of context variables in more detail, namely the inter-
connectedness of decisions and agility. Regarding the interconnectedness, the
related sub-question is:

RQ3-1: What kind of linkages between IT decisions can be identified and what
are the implications for enterprise architects?

We conducted a case study in an organization where all IT decisions were
documented. We found that the 265 IT decisions we analyzed are interconnected

188



Conclusions

in different ways. These IT decisions have sequential, precursive, and/or lateral
linkages. This entails that information about linkages is useful when making
a particular IT decision. Enterprise architects are a source that can provide
this kind of support. After all, EA is a discipline that should ensure coherence
and consistency. The type of support provided by EA depends on the type of
linkage. A different type of support means a different combination of content,
competencies and involvement from the enterprise architect. Sequential linkages
indicate the necessity of a top-down approach to resolve issues. The appropriate
support from the enterprise architect is to provide decision-makers with a high-
level design. Precursive linkages indicate rather complex and future dependencies
between different issues. These kinds of linkages require anticipating guidance at
the moment of decision-making, i.e., considering various configurations on how
IT decisions will impact the organization in the future. Lateral linkages can
be sensitive because IT decisions share resources or context. Such IT decision-
making context requires the enterprise architect to act as devil’s advocate at the
moment of decision-making. Devil’s advocacy produces cognitive conflict and
ultimately leads to higher quality decisions.

With regard to agility we formulate the following sub-question:

RQ3-2 What is the impact of the agile transition on the role of architects in
decision-making prior to and during agile iterations?

We conducted a case study in an organization that has applied the agile ap-
proach for software development for two years. We found that 101 decision types
are used in various phases prior to and during agile iterations. The projection
of these types of decisions over 25 different actors shows a mixed participation
of different actors including architects in all decision types. On average, eleven
actors (of a maximum of 25) participate actively in the decisions of one deci-
sion type, confirming that decision-making in an agile context is a collaborative
group effort. We found that solution and system architects participate as much
in management and user-related decision types as product owners participate
in design decision types. Another finding of this study is that stakeholders in
agile teams perceive less architecture involvement and expect fewer comprehen-
sive documents. Agility thus changes the decision-making context for architects.
They are challenged to become team players instead of lonesome decision-makers.
They should make design decisions only when they are necessary instead of cre-
ating big designs up front. Finally, they should document, communicate, and
share design decisions more effectively.

RQ4: How can EA improve the quality of IT investment decisions?

IT investment decisions are among the most important IT decisions. Increas-
ing amounts of money are invested in IT. As all IT investments bear a certain
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risk, the question is then how EA can mitigate the risk by contributing to the
quality of IT investment decisions. We studied this from two perspectives. First,
an explorative perspective in which we studied how EA can improve the quality
of IT investment decisions. Second, a quantitative perspective to study the rela-
tionship between the maturity of an IT practice and the quality of IT investment
decisions. The results of both studies indicate that EA can indeed improve the
quality of IT investment decisions. Two sub-questions elaborate on these studies.
The quantitative study had the following research question:

RQ4-1: To what extent does the maturity of an EA practice predict the quality
of IT investment decisions?

A quantitative study among 142 EA developers, EA users, and EA imple-
menters, demonstrates that the maturity of an EA practice (according to DyAMM,
one of the models for measuring EA maturity) has a weak positive relationship
with the quality of IT investment decision outcomes, where this relationship is
almost perfectly mediated by the quality of IT investment decisions. The me-
diation effect means that EA developers should focus their efforts on improving
IT investment decisions, rather than the outcomes of these decisions. This study
is one of the few studies that has demonstrated empirically that EA enhances
decision-making. This should encourage EA users to involve EA developers in
decision-making processes. However, this study demonstrates that the relation-
ship between EA maturity and the quality of IT investment decisions is rather
weak. This study also indicates that EA is still in its infancy. The establish-
ment of a successful EA practice is a challenging undertaking; the success of EA
is multifaceted. This requires continuous learning and improvement as well as
perseverance from EA developers and EA implementers.

To explore which parts of EA contribute the most to the quality of IT invest-
ment decisions, we asked the following research question:

RQ4-2: How does EA improve the quality of IT investment decisions?

Based on the same survey data that we used to answer RQ4-1, we performed
a comparative analysis of two groups, i.e., the top and bottom quartile cases
with regard to the quality of the outcomes of the IT investment decisions. We
found that organizations with the highest quality outcomes of their IT investment
decisions (top quartile organizations) apply EA differently compared to organi-
zations with the lowest quality outcomes (bottom quartile organizations). Top
quartile organizations are more mature than bottom quartile organizations in
all EA maturity areas. Top quartile organizations also apply more EA artifacts
in the preparation of IT investment decisions, in particular heat maps, policies,
roadmaps, business capability models, and landscape diagrams. In these organi-
zations EA artifacts are not limited to artifacts that provide insight and oversight,
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but have evolved to more diagnostic and actionable EA artifacts. Finally, it is
in top quartile organizations where the EA function provides more strategic in-
sights during the preparation of IT investment decisions, especially whether IT
investments fit with the business strategy, the relationship with future and past
investments, and the risks of IT investments. As a result, our research generated
a theory on the use of EA in the support of IT investment decisions and created
a conceptual model that integrates seven propositions. This model explains that
when enterprise architects want to improve the quality of IT investment decision
outcomes they must put effort to mature their EA practice, and especially in the
areas of 1) how to connect future and existing situations; 2) how to gain commit-
ment and motivation; and 3) how to interact and collaborate with stakeholders.
The latter two areas in particular, are prerequisites for enterprise architects to
be part of IT investment decision processes and provide decision-makers with
insights. When they participate in IT investment decision processes, enterprise
architects can increase the quality of IT investment decisions by presenting diag-
nostic and actionable artifacts, and by providing decision-makers with strategic
insights.

RQ5: How can the use of a checklist guide enterprise architects to improve the
quality of a business case?

We conducted design science, and developed and evaluated a checklist to be
used by enterprise architects in the assessment of a business case. The use of the
checklist should lead to a higher quality business case and ultimately improve the
quality of IT investment decisions. The results of this study demonstrate that a
checklist alone does not make any difference in the quality of the improvement
suggestions of architects that assessed a business case. However, the research
also reveals preconditions for the use of the checklist: 1) the checklist should
be properly introduced and communicated; 2) the checklist should be part of
a procedure that should be followed strictly by architects; 3) the user of the
checklist should be trained in how to use the checklist and the concepts behind
the checkpoints; 4) the user should have knowledge of the domain of the business
case; and 5) the checklist should be extended with checkpoints on benefits, costs,
and objectives. When these preconditions are met the use of the checklist is likely
to improve the quality of a business case, though further research is needed to
confirm this. A surprising finding from this research is that experience makes
no difference in the assessment of a business case by architects. In any case,
this research reveals that the use of the checklist reduces the risk of overlooking
valuable insights that would otherwise have gone unnoticed.
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9.2 Answering the Main Research Question

The main research question of this thesis is:

MRQ: How can enterprise architecture be used as an instrument to improve IT
decisions?

In Chapter 1 we introduced a research model (Figure 1.1) to structure our
research questions. Figure 9.1 shows this model again. By zooming in on Figure
9.1, we can partially answer the main research question. Partially, because other
aspects deserve to be studied as we will indicate in Section 9.4.

EA 
Function

Artifacts

IT 
Decision

Investment

Context

Contribution

Impact

Quality
Insights

Process

Role

Maturity

Figure 9.1: Research approach

This thesis reveals different success factors of how EA can be used to improve
IT decisions.

Success factor number one is how the enterprise architect plays his or her role.
The better the enterprise architect understands the decision-making context, the
greater his or her impact on IT decisions is. Elements of the decision-making
context are: the extent to which the IT decision-making process is formalized,
the mindset of decision-makers, the magnitude of impact and the time pressure of
the issue underlying the decision, the way IT decisions are interconnected and the
way IT decision rights are allocated and can change as a result of developments
like agility. These and other elements ensure the possibility of many different
contexts. This thesis, and Chapter 3 in particular, demonstrates that the way the
enterprise architect can deal with these differences is an important success factor
in impacting IT decisions. The results of other studies in the context of this thesis
confirm the role of the architect as being the number one success factor. Chapter
8 shows that a checklist is of limited value in supporting enterprise architects to
improve the quality of a business case. Chapter 6 demonstrates that EA maturity
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has a weak relationship with the quality of IT investment decisions. The quality
of the practice of enterprise architects is evidently of less importance compared to
the quality of the enterprise architect. When the enterprise architect understands
his or her decision-making context correctly, he or she is likely to find the right
way to collaborate and interact with decision-makers, to develop and present
the right artifacts, and to provide and discuss the correct insights. Although
the checklist that we created was of limited value to improve the quality of a
business case, checklists would perfectly fit in a more agile approach of how EA
can support decision-making.

Success factor number two is to use the right artifacts and provide the right
insights. Chapter 7 demonstrates that organizations with the highest quality
outcomes of IT investment decisions use more actionable and diagnostic EA arti-
facts and more strategic EA insights in the preparation of IT investment decisions.
Actionable and diagnostic artifacts such as heat maps and roadmaps have more
impact than traditional EA artifacts such as principles and models. Strategic
insights such as the fit with business strategy and the relationship with future
investments are more important than more tactical insights such as different so-
lution alternatives with their pros and cons and the consequences for the current
state.

We conclude that the role of the enterprise architect is by far the most im-
portant aspect in successfully supporting IT decisions as compared to the other
aspects of an EA function as shown in Figure 9.1. However, the successful sup-
port starts on the right side of Figure 9.1 with a thorough understanding of the
IT decision-making context and with a clear focus on IT investment decisions.

9.3 Contributions

The research presented in this thesis makes the following contributions of both
scientific and practical relevance.

9.3.1 Scientific Contribution

The objective of this research was to empirically develop and test a theory to
understand and improve the relationship between EA and IT decision-making.

We developed theory as to how EA can contribute to the quality of IT deci-
sions. In Chapter 3 we presented a model that shows the relationships between
different IT decision-making context elements and the corresponding role of EA.
We learned that different context elements require a different role from EA. In
Chapter 4 we presented a matrix with the relationships between different kinds
of linkages between IT decisions and the corresponding type of EA support. This
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Chapter provided the learning point that enterprise architects should play dif-
ferent roles dependent on the type of linkage between IT decisions. Chapter 5
discussed the changing role of architects as a consequence of changes in the IT
decision-making context, i.c., the movement to agility. We learned that architects
need to adapt their way of working as a consequence of the introduction of ag-
ile software development. Chapter 7 contains a conceptual model that indicates
how different EA aspects may contribute to the quality of IT investment decision
outcomes. We learned that certain EA maturity areas, EA artifacts, and EA
insights are more valuable in the support of IT investment decisions as compared
to other EA maturity areas, EA artifacts, and EA insights.

We tested the theory. In Chapter 6 we created measurement models for EA
maturity, IT investment decisions, and IT investment decision outcomes. We
learned that the maturity of an EA practice (according to DyAMM, one of the
models for measuring EA maturity) has a weak positive relationship with the
quality of IT investment decision outcomes, where this relationship is almost
perfectly mediated by the quality of IT investment decisions. In Chapter 8 we
developed and evaluated a checklist that can be used by enterprise architects
to assess business cases from an architectural point of view. We learned that
the checklist alone does not make a difference in the quality of the improvement
suggestions for a particular business case.

The most important thing we have learned is that EA is still an art. The
success of EA in IT decision-making depends to a large extent on the skills and
competencies of the enterprise architect.

9.3.2 Contribution to Practice

One of the aims of this research was to provide EA practitioners with insights and
tools that would help them grow into the role of trusted advisor on IT investment
decisions. The most important insight is that they themselves are the number
one success factor in the quality of IT decisions, and IT investment decisions in
particular. This research shows EA practitioners that their success depends on
their understanding and anticipation of the IT decision-making context they are
part of. In this thesis EA practitioners can find examples on how to deal with
different decision-making contexts.

Furthermore, this thesis teaches enterprise architects what to focus on with
regard to improving their EA practice, what kind of EA artifacts to develop, and
what kind of insights to provide to decision-makers when discussing IT investment
decisions. The checklist is a practical tool for EA practitioners in the assessment
of a business case. The checklist reduces the risk of overlooking valuable insights
that would otherwise have gone unnoticed.

Finally, this research empirically confirms that EA can improve IT decisions.
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This will hopefully stimulate enterprise architects to keep up their good work and
continue improving their skills and competencies.

9.4 Looking Backward and Forward

In the last part of this thesis we reflect on this research and give suggestions for
future research.

One of the problems with EA, is that it means different things to different peo-
ple. In this study we took the definition of Greefhorst and Proper [72] who state
that EA enables senior management to take ownership of the key decisions on
the design of the future organization. In line with this definition we positioned
the enterprise architect as the trusted advisor to senior management. This is
in accordance with Gartner research who considers the enterprise architect as
an internal management consultant and argues that “EA practices must advise
business leaders and product owners about investment decisions that impact the
overall enterprise and the underpinning IT estate (digital business platforms) en-
abling and supporting it” [31]. This confirms that this research is highly relevant,
and also reveals different areas for future research. What we learned is that the
area of decision-making is very large, let alone the fields of IT decision-making
or IT investment decisions. The way people decide on important issues (often
called strategic decision-making) is a cluttered and diffuse game. The enterprise
architect is just one of the actors in decision-making. We only touched upon a
few aspects of decision-making, namely the quality and context of a decision.

Bias is a very interesting aspect of decision-making that we mentioned a few
times, but did not address directly. The enterprise architect needs to be aware
of decision-makers’ bias in order to understand it and to deal with it. The
added value of EA is that it can make a decision more evidence based instead of
intuition based. In addition, by proposing alternative solutions in a certain way,
an enterprise architect can respond to the bias of decision-makers, for example by
applying nudging. Nudging implies that indirect suggestions can be more effective
than direct suggestions. The EA function would certainly benefit from a study
on how to effectively deal with biases from an EA perspective. An interesting
future research direction is to identify the kinds of biases that can be avoided by
means of EA. Another interesting topic for research is how enterprise architects
can use the concept of nudging to their advantage.

Another aspect of decision-making, is to consider it as a multi-actor game.
In such a game different people with competing interests deal and negotiate
with each other; problems and solutions frequently change [47]. One of the case
studies in Chapter 3, the Portal and Collaboration case, indicates such a situation.
Enterprise architects may become frustrated because they do not understand such
a game. However, when they want to impact decision-making, they must become
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part of it and learn how to play it. Decision-making as a multi-actor game, with
the enterprise architect as one of the actors, is an area for future research. Of
particular interest is understanding how to intervene as an enterprise architect
in situations where problems and solutions constantly change. What kind of EA
intervention is effective in what part of a multi-actor game?

A third aspect of decision-making that we studied, but only partially, is the
context. The better the enterprise architect understands the decision-making
context, the higher the impact on the decision. It would be very helpful to
understand which elements of the context are most decisive for how an enterprise
architect should fulfil his or her role. We concluded in Section 9.2 that the
enterprise architect is the most important success factor in the improvement of
IT decisions compared to other EA aspects. Given that enterprise architects each
have a different set of skills and competencies, it would be worthwhile to study
what skills and competencies are required in what IT decision-making contexts.
This would be beneficial for managers who hire enterprise architects as well as
for enterprise architects themselves. Managers get more value for money and
enterprise architects feel much more valuable.

Another angle of approach for this research is the type of decision. We fo-
cused on the IT decision, and more in particular, the IT investment decision.
Different types of IT decisions are of interest to examine in relationship to EA.
In particular, the decision to prioritize IT investments merits study. We touched
upon this theme in Chapter 4 where we studied an organization as a system of
decisions and identified different kinds of linkages between IT decisions. If there
is one discipline that should have an overview of the enterprise landscape of pro-
cesses, data, and systems as well as their changes, then it is the EA function.
The question is, given all kinds of linkages between parts of this landscape and
the decisions to change it, what is from EA’s point of view the support needed
to make the right prioritization decisions? What kind of information should be
provided? What kind of EA artifacts are useful? What kind of EA insights do
senior managers need? The matrix in Table 4.1 can be used as a starting point
for further research.

Other types of decisions that are of particular interest to consult the EA
function, are decisions on the business and operating model of an enterprise.
As far as we know, little is known about how and the extent to which the EA
function is involved in these kinds of decisions. However, given the importance
of business and operating models and the way technology is a driver to change
these models, the EA field can learn a lot from explorative studies of how EA is
used in business and operating model decisions.

Finally, we want to reflect on the significance of studying the use of EA as a
management tool. We argue that our study is of importance for various reasons.
One reason is that enterprise architects still struggle in providing value to their
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sponsors. Especially senior management finds it difficult to understand what the
contribution of an enterprise architect is. Another reason is to find evidence as to
what many EA practitioners and researchers claim, namely that EA is a tool for
decision-making support. A third reason is that the increasing use of technology,
the associated high investments, and growing complexity, necessitate a solution
to make the right investments and mitigate the risks of these investments. The
EA function can be an important ingredient of that solution. However, it is a
young discipline. With this research we hope to have contributed to EA being
suited for and considered as being a management tool.

This research emphasizes the importance of the role of an enterprise architect.
Unfortunately, there is no university in the Netherlands with an enterprise archi-
tecture curriculum. Therefore, we would like to conclude this thesis by calling on
the scientific world to start creating an enterprise architecture curriculum. If we
want EA to become a well appreciated management tool, we need well equipped
and well trained enterprise architects.
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English Summary

One of the often mentioned applications of enterprise architecture (EA) is decision-
making support. EA is considered as a function that enables senior management
to take ownership of the key decisions on the design of the future organization.
However, little is known about how EA has improved decisions. In this thesis
we want to find evidence to what extent EA is indeed a useful instrument for
supporting decision-making and in what way this support can take place. We
therefore researched the relations between various aspects of the EA function
and various aspects of the IT decision. Different research methods were used
such as systematic literature study, case study, survey, experiment, focus group,
and statistical analysis.

The results of this thesis indicate that the involvement of the EA function
in IT decisions, and in particular in IT investment decisions is still low. We
also found that the maturity of the EA function has a weak positive relationship
with the quality of outcomes of IT investment decisions where this relationship
is almost perfectly mediated by the quality of IT investment decisions.

So the question is; does EA matter? Yes, it does, but it depends on the way
EA is performed.

The three organizations that participated in a multiple case study were satis-
fied about the contribution of the EA function in the decision support to resolve
specific issues. This contribution however varied considerably from case to case.
The variances in contribution can be explained by the differences in the decision-
making context of each of the issues. The decision-making context apparently
influences the role of the enterprise architect to a large extent. This finding was
confirmed by studying two specific decision-making context elements in a case
study, namely, the kinds of linkages between decisions and the movement to agile
software development. We identified three types of linkages that apply to real life
situations and found that each type of linkage requires a different role from EA.
Sequential linkages require a high level design, precursive linkages require antic-
ipating guidance and lateral linkages require a devil’s advocate. The movement
to agile software development changes the decision-making context for architects.
Decision-making becomes more of a group effort where architects and stakehold-
ers have to work together to make decisions. Architects are challenged to become
team players, to make design decisions only when they are necessary, and finally,
to document, communicate, and share design decisions more effectively. We con-
clude that the better the enterprise architect understands the decision-making
context, the higher his or her impact on IT decisions.

A comparison between organizations with the highest quality of the outcomes
of IT investments (top performers) compared with organizations with the lowest
quality of the outcomes of IT investments (bottom performers) reveals that the
former organizations have a more mature EA function across the board. Fur-
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thermore top performers use more diagnostic and actionable EA artifacts in the
preparation of IT investment decisions and, as a likely consequence, EA provides
more strategic insights in the preparation of IT investment decisions, like whether
the IT investment fits with business strategy and the relationships with past and
future investments. When applied correctly, EA can contribute to better IT
decisions.

To extend our research with a practical tool we developed a checklist that can
be used by enterprise architects to support IT investment decisions, and more
specifically, the business case. The added value of the checklist was evaluated by
means of an experiment. The results of the experiment demonstrate that using
a checklist as such does not make the difference. This confirms the conclusion
that the enterprise architect him- or herself is the most important success factor
in the use of enterprise architecture as management tool.

Our research provides relevant insights for both scientists and practitioners.
The most important scientific contribution is the insight that EA is still an art.
EA’s success in IT decision-making depends to a large extent on the skills and
competencies of the enterprise architect. EA practitioners learn that their suc-
cess depends on their understanding and anticipation of the IT decision-making
context which they are part of.

Given the increasing use of technology, the associated high investments, and
the growing complexity, a solution is highly necessary to make the right invest-
ments and mitigate the risks of these investments. The EA function can be an
important ingredient of that solution. However, it is a young discipline. With
this research we hope to have contributed to EA being suited for and considered
as being a management tool.

200



Nederlandse samenvatting

Een van de vaak genoemde toepassingen van enterprise architectuur (EA) is on-
dersteuning van besluitvorming: EA als management instrument. EA wordt
daarbij beschouwd als een functie die het senior management in staat stelt om be-
langrijke beslissingen te nemen over het ontwerp van de toekomstige organisatie.
Er is echter weinig bekend in hoeverre EA daadwerkelijk bijdraagt aan beslissin-
gen. In dit proefschrift laten we zien we in hoeverre EA een nuttig instrument
is om IT-besluitvorming te ondersteunen en op welke manier deze ondersteuning
het beste kan plaatsvinden. Daarom hebben we onderzoek gedaan naar de re-
laties tussen verschillende aspecten van de EA-functie en verschillende aspecten
van de IT-beslissing. Daarbij zijn verschillende onderzoeksmethoden gebruikt
zoals systematische literatuurstudie, casestudy, enquête, experiment, focusgroep
en statistische analyse.

De resultaten van dit proefschrift tonen aan dat de betrokkenheid van de EA-
functie bij IT-beslissingen, en in het bijzonder bij IT-investeringsbeslissingen, nog
steeds laag is. Daarnaast heeft de volwassenheid van de EA-functie een zwakke
positieve relatie met de kwaliteit van de resultaten van IT-investeringsbeslissingen,
waarbij de kwaliteit van IT-investeringsbeslissingen deze relatie grotendeels ver-
klaart.

De vraag is dus: doet EA er toe? Ja, maar het hangt af van de manier waarop
EA wordt uitgevoerd.

De drie organisaties die deelnamen aan een meervoudige casestudy waren
tevreden over de bijdrage van de EA-functie aan de beslissingsondersteuning bij
het oplossen van specifieke problemen. Deze bijdrage varieerde echter aanzien-
lijk van geval tot geval. De verschillen in bijdrage zijn te verklaren door de
verschillen in de besluitvormingscontext van elk van de problemen en organ-
isaties. De besluitvormingscontext heeft blijkbaar een grote invloed op de rol
van de enterprise architect. Deze bevinding werd bevestigd door het bestud-
eren van twee specifieke elementen van de besluitvormingscontext, namelijk het
soort verband tussen beslissingen en de adoptie van agile softwareontwikkeling.
We hebben drie soorten verbanden gëıdentificeerd die van toepassing zijn op
IT-beslissingen die in de praktijk worden genomen en vastgesteld dat elke soort
een andere rol en bijdrage van EA vereist. Sequentiële verbanden vereisen een
ontwerp op hoog niveau, precursieve verbanden anticipatievermogen en laterale
verbanden dat de architect de advocaat van de duivel speelt. De adoptie van
agile softwareontwikkeling verandert de besluitvormingscontext voor architecten.
Besluitvorming wordt meer een groepsproces waarbij architecten en stakeholders
met elkaar moeten samenwerken om beslissingen te nemen. Architecten worden
daarbij uitgedaagd om teamspelers te worden, om ontwerpbeslissingen pas te ne-
men wanneer dat echt nodig is, en tot slot om ontwerpbeslissingen effectiever te
documenteren, te communiceren en te delen. We concluderen dat hoe beter de
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enterprise architect de besluitvormingscontext begrijpt, des te groter zijn of haar
impact op IT-beslissingen.

Een vergelijking tussen organisaties met de beste resultaten van hun IT-
investeringen (best presterende organisaties) en organisaties met de slechtste re-
sultaten van hun IT-investeringen (slechtst presterende organisaties) laat zien
dat de best presterende organisaties over de hele linie een meer volwassen EA-
functie hebben. Bovendien gebruiken de best presterende organisaties meer
diagnostische en actiegerichte EA-artefacten bij de voorbereiding van hun IT-
investeringsbeslissingen. Als een waarschijnlijk gevolg hiervan, biedt EA de best
presterende organisaties meer strategische inzichten bij de voorbereiding van hun
IT-investeringsbeslissingen, zoals of de IT-investering past in de bedrijfsstrategie
en wat de relaties zijn met vroegere en toekomstige investeringen. Bij een juiste
toepassing kan EA dus bijdragen aan betere IT-beslissingen.

Om ons onderzoek uit te breiden met een praktische tool hebben we een
checklist ontwikkeld die door enterprise architecten kan worden gebruikt ter on-
dersteuning van IT-investeringsbeslissingen, en meer specifiek de business case.
De toegevoegde waarde van de checklist werd geëvalueerd aan de hand van een
experiment. De resultaten van het experiment tonen aan dat het gebruik van
een checklist als zodanig niet het verschil maakt. Dit bevestigt de conclusie dat
de enterprise architect zelf de belangrijkste succesfactor is in het gebruik van
enterprise architectuur als managementinstrument.

Ons onderzoek levert relevante inzichten op voor zowel wetenschappers als
praktijkmensen. De belangrijkste wetenschappelijke bijdrage is het inzicht dat
EA nog steeds een kunst is. Het succes van EA in IT-besluitvorming hangt in
grote mate af van de vaardigheden en competenties van de enterprise architect.
Enterprise architecten leren uit ons onderzoek dat hun succes afhangt van in
hoeverre ze de IT-besluitvormingscontext begrijpen en in hoeverre ze in staat
zijn daar effectief mee om te gaan.

Gezien het toenemende gebruik van technologie, de daarmee gepaard gaande
hoge investeringen en de toenemende complexiteit is het van belang voor organ-
isaties om de juiste investeringen te doen en de risico’s van deze investeringen te
mitigeren. De EA-functie kan hier een belangrijke bijdrage aan leveren. Het is
echter een jonge discipline. Met dit onderzoek hopen we ertoe bij te dragen dat
EA kan uitgroeien tot een volwaardig en effectief managementinstrument.
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Appendix A

Decision List

The decision types in Italic are taken from Drury [53]. The letters indicate the
different perspectives of the decision types where M = management, D =
design, and U = user.

No. Phase Persp. Decision Type

1 Initiating M Decide to elaborate an idea into an epic
2 Initiating M Decide to put an epic in the portfolio
3 Initiating D Decide on the solution direction of the project/product
4 Initiating D Decide on the content of the FSA
5 Initiating M Decide on the budget of a project
6 Initiating M Decide on the time scope of a project
7 Initiating M Decide if the initial scope of the project meets the budget
8 Initiating M Decide if the scope of the project during the project still meets the budget and time scale
9 Initiating D Decide on the content of the PSA

10 Initiating D Decide on the application architecture
11 Initiating D Decide the application programming interface design
12 Initiating D Decide if the PSA is final
13 Initiating D Decide if the final PSA aligns with the FSA
14 Initiating M Decide the t-shirt size of a story container
15 Initiating U Decide the minimal viable product, with all its perspectives
16 Initiating M Decide who is suitable for the team
17 Initiating M Decide for someone (extern or intern) to join the team during the project
18 Initiating U Decide on functional requirements
19 Initiating U Decide on non-functional requirements
20 Initiating D Decide which technologies, systems and platforms are used in the project
21 Initiating M Decide the roadmap of the project
22 Initiating D Decide the vision of the project
23 Operational M Decide iteration goals and scope (user stories and tasks)
24 Operational U Decide if the backlog meets the business requirements
25 Operational M Decide priorities within the iteration
26 Operational M Decide which people will be available
27 Operational U Decide if new backlog items are still in line with the functional requirements
28 Operational M Decide capacity for team members
29 Operational D Decide how a functional requirement can be implemented
30 Operational D Decide how a technical requirement can be implemented
31 Operational D Decide how systems and platforms need to align in theory
32 Operational M Decide if a (new) requirement meets the scope (time, budget, minimal viable product)
33 Operational M Decide if a user story meets the scope (time, budget, minimal viable product)
34 Operational M Decide on the balance of velocity and story points taken into a sprint
35 Operational M Decide who will work on what
36 Operational M Decide if one requirement is more beneficial to the outcome than another
37 Operational M Outweigh one user story for another
38 Operational M Outweigh one requirement for another
39 Operational M Outweigh one feature for another
40 Operational M Outweigh one task for another
41 Operational M Outweigh one epic for another
42 Operational M Decide if a task is relevant for a user story
43 Operational M Decide what goes in the backlog
44 Operational M Decide the priority of the features
45 Operational M Decide the priority of the bugs
46 Operational M Decide the approach to delivering a story
47 Operational M Decide how many story points a story needs to have
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No. Phase Persp. Decision Type

48 Operational U Decide if a user story is valuable for the business outcome
49 Operational M Decide the input and subjects in a pre-refinement session
50 Operational M Decide task estimates
51 Operational M Decide what user stories are involved in a feature
52 Operational M Decide if user stories require more discovery work
53 Operational M Decide definition of when a story is ”done” (i.e. completed, when to accept/reject story)
54 Operational U Decide if a “done” user story has met the technical requirements
55 Operational U Decide if a “done” user story has met the non-functional requirements
56 Operational M Decide if a task is suitable for the user story
57 Operational M Decide if a task fits in the scope of the project
58 Operational D Decide if a task meets the architecture criteria
59 Operational M Decide to split or combine user stories
60 Execution M Decide whether iteration scope should be changed (i.e. reprioritize tasks, accept new tasks)
61 Execution D Decide if a (part of a) solution of a previous project is applicable for this project
62 Execution D Decide if the project is in line with the architecture criteria
63 Execution M Decide definition of when a feature is “done” (i.e. completed, when to accept/reject fea-

ture)
64 Execution M Decide who will pair together for paired programming
65 Execution D Decide that a part of a user story will be technical debt
66 Execution D Decide if a technical direction or solution is too comprehensive
67 Execution D Decide if a functional direction or solution is too comprehensive
68 Execution M Decide if a backlog item/task is done
69 Execution D Decide on a technical solution
70 Execution D Decide the interface design
71 Execution D Decide how to implement technical functionality
72 Execution D Decide how to implement functional functionality
73 Execution M Decide if an issue need any architectural input before making a decision
74 Execution M Decide if a decision needs to go to the board
75 Execution D Decide if decisions are in line with the architecture criteria and guidelines
76 Execution M Decide if the project is still funded
77 Execution D Decide when to commit code
78 Execution D Decide what tests to create
79 Execution M Decide whether to add/remove/change acceptance criteria
80 Execution D Decide on the architecture/design for technical functionality
81 Reflection U Decide if delivered product meets customer expectation
82 Reflection U Decide on the acceptation and test criteria of a user story
83 Reflection U Decide if a user story is done
84 Reflection M Decide whether story estimates need to be modified
85 Reflection M Decide whether to continue with the project
86 Reflection U Decide whether to accept the iteration content
87 Reflection M Decide what stories and defects be scheduled for next iteration, particularly if not com-

pleted
88 Reflection U Decide that the minimal viable product is ready for release
89 Reflection M Decide if the scope of the project needs to be changed/adjusted
90 Reflection D Decide if the new scope fits in the FSA
91 Reflection U Decide if the project is done
92 Reflection U Decide that a project can be operated
93 Reflection U Decide that a project has met his requirements
94 Reflection D Decide that a project has met the (architecture) criteria
95 Retrospective M Decide what to improve during the next iteration
96 Retrospective M Decide what went well to continue during next iteration
97 Retrospective M Decide what new things the team will try in next iteration
98 Retrospective M Decide root cause if team did not meet its iteration goal
99 Retrospective M Decide priorities for things to address in future iterations

100 Retrospective M Decide issues that will most influence team success
101 Retrospective M Decide whether and how to measure team metrics
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