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Abstract
Organizations are attempting to harness the power of big data analytics. Enterprise architecture can be used
as an instrument to integrate big data analytics into the existing IT landscape and enabling the development of
capabilities to create value from these technologies. Yet, there is limited research about the role of enterprise
architecture in adopting big data analytics. This paper explores enterprise architecture roles and capabilities for
the adoption of big data analytics by conducting a qualitative case study at the Dutch Tax and Customs
Administration. The first attempt to adopt big data analytics was focused on integrating analytics into the current
complex IT landscape, but this encountered many challenges and resulted in slow progress. To overcome
these challenges, a separate department was created to quickly harness the potential of big data analytics.
Enterprise architecture was used for impact analysis and to create a transition process. The findings suggest
that enterprise architecture was used in different ways at the various stages of adoption and implementation,
requiring different roles and a different set of capabilities. Enterprise architecture was found to be contingent on
the type of technology and the situation at hand. We recommend more research into the role of the context in
enterprise architecture research.

Keywords: Big data, Big data analytics, Enterprise architecture, Adoption, Flexibility, Dynamic
capabilities, E-government

37

Roles and Capabilities of Enterprise Architecture in Big Data Analytics Technology
Adoption and Implementation

Yiwei Gong
Marijn Janssen

Journal of Theoretical and Applied Electronic Commerce Research
ISSN 0718–1876 Electronic Version
VOL 16 / ISSUE 1 / JANUARY 2021 / 37-51
© 2021 Universidad de Talca - Chile

This paper is available online at
www.jtaer.com
DOI: 10.4067/S0718-18762021000100104

1 Introduction
Big data technology entails collecting and processing large volumes of data from a variety of sources [17]. Modern
organizations are data intensive by nature, and the use of Big Data Analytics (BDA) can provide new insights. BDA
has a major influence on the way organizations operate and results in efficiency improvements and innovation [3].
For example, by creating profiles of people to target customers better [15], BDA can help financial organizations
detect and combat fiscal fraud more successfully [14], or BDA may also enable better decision-support information,
more informed decision-making and customized approaches [59]. BDA has been recognized as being essential for
organizations [28]. However, in comparison with BDA technologies and applications, considerably less research
attention has been paid to organizational strategies to successfully embrace BDA in organizations [43].
Adopting and implementing BDA has been challenging for large organizations [25]. BDA technologies might need to
be made fit for a particular situation, and the infrastructure of an organization must be able to support the use of new
technologies [29]. However, this need to integrate new tools and technologies into the current IT landscape can be
supported by Enterprise Architecture (EA) [7]. Furthermore, there might be a need for changes in the business
processes and responsibilities. EA could help to integrate BDA in the current landscape. Although the potential of EA
is clear, to the best of our knowledge, there has been no research conducted to understand the roles of EA in BDA
adoption.
EA has no uniform definition [53]. One definition of EA is ‘a coherent whole of principles, methods, and models that
are used in the design and realization of an enterprise’s organizational structure, business processes, information
systems, and infrastructure’ [36] , p. 3. EA can improve sharing and integration of IT resources across an enterprise
[9], create and enable interoperability, guide the design of new infrastructures and enable transformation [2], [32].
Thus, it allows organizations to proactively respond to disruptive innovations by identifying and analyzing the
execution of change that achieves the desired business vision and outcomes [24]. EA can be used to integrate new
technology developments, such as the cloud [21] and bring your own device (BYOD) [51], into existing organizations.
Despite its significance, limited attention has been paid to the possible roles that EA can play in helping
organizations to adopt and implement BD.
The objective of this paper is to analyze the roles of EA and dynamic capabilities needed in BDA adoption and
implementation in large public organizations. The motivation for this study is to understand the challenges
encountered by organizations in BDA adoption, and whether and how EA can be used to overcome these challenges.
Our focus is on large organizations, as they often make use of EA to manage their IT landscape. A comprehensive
case study was conducted in the Dutch Tax and Customs Administration in a period of 5 years, observing and
analyzing their strategy and its effect on BDA adoption. The reason for selecting this case was that much information
was available publicly and the organization is viewed as a frontrunner in BDA applications. The multiple sources
enabled us to gain a deep understanding. This study may offer guidance to other large organizations using many big
data sources for various purposes in relation to their own future BDA initiatives.
The paper is structured as follows. In Section 2, we briefly discuss the background of the relationship between BDA
adoption and implementation and EA. We review the typical challenges and the potential roles and dynamic
capabilities of EA to deal with them. Subsequently, the research method is explained in Section 3. In Section 4, we
present an overview of the case study. In Section 5, we discuss the case study findings and their practical
implications, while Section 6 presents our conclusions.

2 Background
In this section the BDA adoption challenges as found in the literature are reviewed. Next possible roles and
capabilities of EA are identified.

2.1

BDA Adoption Challenges

EA should help to overcome BDA adoption challenges and understanding these challenges requires to understand
the roles and capabilities of EA. Traditionally, organizations use well-structured data that is collected for a certain
purpose and stored, often in relational databases. Basic queries can be executed based on this data. Over time, the
number of databases, the variety of formats and the amount of data has grown into what is now called BDA [14]. The
use of BDA enables organizations to go beyond mere utilization of each database and data set in isolation. Data sets
are now combined or integrated to achieve new insights.
While many studies have enhanced our understanding of the BDA phenomenon, most emphasize the technical
dimension of BDA and understate the importance of the organizational dimension, which is equally important to reap
the benefits of BDA [28]. Unlike the more tangible BDA technical capabilities, those in the organizational dimension
are often intangible and concern the collaboration and strategy of the organization [13]. Organizational capabilities
address whether organizations possess the required capacities to use BDA and to create value from it for the
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organization [35]. If these organizational capabilities are not sufficient, the benefits generated from the use of BDA
will be limited [35]. In the current climate, BDA is expected to create value for organizations. However, realizing such
value is much more difficult, and many challenges will be encountered during the adoption of BDA technologies and
the implementation of BDA application [26], [59]. For example, based on a systematic literature review, Sivarajah, et
al. [59] identified 18 BDA challenges, classifying them into three main categories: data, process and management.
Data challenges relate to the characteristics of the data itself, for example data volume, variety, velocity, veracity,
volatility, quality, discovery and dogmatism. Process challenges relate to a series of how questions: how to capture
data, how to integrate data, how to transform data, how to select the right model for analysis and how to provide the
results. Management challenges relate to the management strategy or policy constraints in BDA adoption, for
example privacy, security, governance and ethical aspects. Sivarajah, et al. [59] found that different sectors and
organizations will face different types of challenges and that there is a need for more research using in-depth case
studies in organizations in different sectors.
In the literature, only a limited number of articles have investigated the management challenges of BDA adoption.
The remainder mainly focus on the technologies or benefits of BDA, the introduction of a certain BDA application in a
sector, or discuss the data and process challenges. Based on our literature survey, Table 1 presents the main
management challenges of BDA adoption to which organizations need to respond strategically.
Table 1: Typical management challenges of BDA adoption for large organizations
Challenges
Fragmented
and
siloed
applications [25], [33], [34], [38],
[59]

Privacy* [19], [55], [65], [68]

Management capabilities [25],
[35], [50], [59], [70]

Authority and legitimacy [34],
[40], [41], [69]

Description
• Enormous amount of data is stored in legacy databases.
•

Problems occur when trying to make BDA applications work with these
traditional mainframes and databases.

•

There are many siloed departments owning different types of data. The
institutional setup and routine of sharing and collecting data often
poses a major obstacle.

•

Organizations are faced with the obligation to manage their need for
customer information and the customer’s need for privacy.

•

Data protection regulations and privacy law restrict organizations in
their use of data.

•

This concept describes the organization’s use of BDA linked to IT
infrastructure, data governance and data science expertise. The
organization needs to possess the requisite capacities before making
use of BD.

•

Organizations need management capabilities to facilitate data sharing
in BDA applications and enhance operations performance.

•

BDA applications need authority to access databases and data records
and legitimacy to use them.

•

Managers need authority to facilitate BDA actions, and legitimacy to
drive organizational change.

*Many studies mentioned privacy as a BDA challenge. To avoid of confusion, only those focusing on privacy issues from an
organizational or strategic perspective are listed in the table.

Many systems are fragmented and have developed without considering the need to exchange information. Siloed
applications are often encountered in many large organizations, or when different organizations start to work with
each other. Siloed processes can originate from legal requirements, in which personal data cannot be shared due to
data protection laws, or from a rigid institutional setup and routine that pose major obstacles [25]. Organizations such
as government agencies or departments are often reluctant to share data that is considered to be proprietary to them.
Furthermore, isolated IT systems complicate the integration of complementary data within the organization [34]. This
results in a need to break down the silos or to integrate data and applications. Furthermore, addressing the silo
problems consequently requires the organization to balance among integration and privacy protection, compliance
and/or accountability.
The requirements for data protection found in regulatory frameworks such as the General Data Protection Regulation
(GDPR) determine the way in which BDA can be used by organizations, with privacy laws restricting the collection,
sharing or utilization of personal data [25]. At the same time, additional data from citizens, the neighborhood or the
community is needed to offer personalized services or better governance, for example in relation to traffic control,
energy consumption, disease prevention, public security, personalized services and so on. Ultimately, there is a
need to find a balance between privacy protection and other values or general interests [19].
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Organizations need management capabilities to handle BDA and to realize its expected outcomes and may address
this by employing staff, creating agencies and building new operational business processes. Management
capabilities relates to the organizational capacity to make use of BD, and it is often assessed in terms of BDA
readiness [25], [35]. The concept of BDA readiness focuses on the organizational alignment and capabilities in
connection to BDA. From an intra-organizational perspective, alignment refers to whether BDA use is a good fit with
the organization’s structure and main activities. From an inter-organizational perspective, this is also referred to as
engagement capacity, which captures the ability of the organization to digitally interface with external groups and
organizations to make use of BDA [70].
In addition to data protection, organizations must address security and compliance requirements when using data.
However, unlocking the full potential of BDA first requires the authority to develop knowledge and skills and to allow
innovative use of data [40]. In other words, to facilitate BDA adoption and drive organizational change, managers
might first need to legitimate their actions [41]. The use of BDA can improve services, but can also undermine trust in
organizations, as customers question the legitimacy of providing or allowing access to sensitive data [44]. These
kinds of concerns might be addressed at the legislative level to create an appropriate balance. However, for public
organizations, it is more important to ensure the accountability of their business processes and decision-making.
This might entail that they ensure the organization is able to check the compliance of their service provision and
decision-making processes with the changing legal environment.
The above management challenges for organizations indicate the special concerns about BDA adoption. At the
same time, however, limited knowledge about BDA adoption from an organizational perspective has been reported in
the literature. Organizations are postponing decisions on BDA adoption because they are uncertain about how these
challenges could be addressed to take advantage of BDA [35]. It is, therefore, desirable to investigate those
challenges and how they might be overcome with the help of EA.

2.2

EA Roles and Capabilities for BDA Adoption

Along with the adoption of new information technology, the complexity of corporate IT environments has been
growing steadily. The growth of IT complexity often leads to various problems, such as higher operational risks and
costs for maintenance or operation, and insufficient flexibility with regard to changes in business strategy and
processes [56]. In practice, EA provides big-picture planning and understanding of the interdependences between
various IT components, which is of critical importance in solving these problems [60], [62]. EA provides a range of
capabilities to deal with technology aimed at improving organizational performance [53]. EA captures a range of
aspects, including business processes, data models, applications and technical infrastructure [64]. EA can have
various roles in organizations for managing business and IT [27]. Table 2Table 3 summarizes the roles of EA as
discussed in the literature. Usually, EA consists of descriptive and prescriptive models to understand the current
situation and what the desired situation should look like [31]. The architecture models should help to improve the
relevant parts of the organization (i.e. the business process, data, application and infrastructure) and take into
account the relationships as they are depicted by the architecture. In this way, a coherent picture is created. This
approach assumes that the situation desired can be blueprinted to some extent and that the relationship with the
current situation is clear. Another view of EA considers it a process in which the focus is on managing the
improvement process supported by architectural instruments [61].
Table 2: The roles of EA in organizations
Roles of EA

Description

Literature

Dealing with complexity

Manage complexity and risks due to various factors such as
technology, size, interface, context and stakeholders
Enable reuse of IT components and services

[4], [23], [47],
[48]
[22], [32], [42],
[47]
[49], [74]

Facilitating reuse
Enabling interoperability
Client orientation
Creating flexibility
Adhering to public values
such as privacy
Facilitating
communication
Impact evaluation
Decision-making support
Migration strategy

Provide guidance for development in the existing situation and
ensuring interoperability
Increase client satisfaction or gain more customers
Increase flexibility to deal with changes in business or IT
Ensure legal compliance, such as ensuring information
protection according to privacy laws
Improve the communication required to align different
stakeholders
Evaluate potential future solutions to understand the possible
impact
Support decision-making about IT investments, design of new
infrastructures, and capabilities development
Develop the migration plan for transitioning from the current to
the future situation

[32], [37]
[11], [18], [42]
[32]
[1], [4], [47],
[58], [67]
[23], [39], [58]
[45], [54], [62],
[66]
[32], [62]
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Despite its significance, there is limited work on the role of EA in supporting new technology adoption. The
exceptions include studies investigating EA’s effect on the organizational adoption of service-oriented architecture
(SOA) [5] and those pointing to EA’s importance in cloud computing adoption [21]. These studies are focused on
technology that are primarily changing the IT functions, however, BDA is used by the businesses directly to create
value for the organizations. This requires complex interactions between the IT and Business parts of an organization.
In addition, some earlier work has investigated the use of EA in technology adoption in a more general manner; for
example, looking at the use of EA artefacts in IT acquisition management by providing a description of the
organization and its requirements for vendors [10]. However, existing studies have often focused on the benefits of
EA rather than an analysis of how EA can be used to adopt new technology. For example, in one study of IT
acquisition, EA artefacts were purely regarded as background material [46]. The limited findings in the literature
reveal the knowledge gap in understanding the role of EA in new technology adoption, and especially in the adoption
of BDA.
Management practice and research is increasingly incorporating new technology adoption into EA-related issues [71].
EA can be used to develop a common understanding or interpretation of existing and new technologies, and as such
could be used as a tool by organizations to understand the potential and feasibility of new technologies [8]. Shanks,
et al. [57] suggest that EA will enable organizations to adopt new technologies more successfully and consequently
lead to quicker response to changes in customer demand by offering relevant new products and services and better
strategic alignment between business and IT in contrast to competitors. However, EA-based benefit realization for
organization is a complex process and is influenced by EA maturity and capability [12]. EA is still a rather young and
immature discipline, for which no common practice has yet emerged [56]. In practice, different organizations have
often employed different approaches, depending on their strategies and EA capability.
EA should create the necessary capabilities for organizations to adopt BDA technology. According to Winter [72], an
organizational capability is a high level routine (or collection of routines) that, together with its implementing input
flows, confers upon an organization’s management a set of decision options for producing significant outputs of a
particular type (p. 991). In contrast with ordinary (or operational) capabilities that focus on ordinary routines, dynamic
capabilities focus on the organizational strategic routines [20] and govern the rate of the change of ordinary
organizational capabilities [16]. Teece, et al. [63] define dynamic capabilities as the ability to integrate, build, and
reconfigure internal and external competences to address rapidly changing environments (p. 516). Dynamic
capabilities are needed to integrate BDA in the organization and reconfiguring is needed to learn from the
experiences. From this lens, EA is an enabler of dynamic capabilities of the organization. The better the EA function
is developed the better the capabilities of an organization to adopt new technology. While EA is expected to have an
impact and evolve continuously in the BDA movement, how EA can be used to facilitate effective applications of BDA
is still an open question [52]. There is a void in the literature addressing the roles and capabilities for adopting BD.
This paper attempts to explore this question by addressing the roles and dynamic capabilities of EA in BDA adoption.

3 Research Approach
Although there is much work on BDA and EA, there is limited work that combines these fields. A longitudinal case
study research methodology was considered suitable for our study as we were interested in both organizational and
technical issues [6], understand the various roles of EA over time [4] and in studying the phenomenon in its natural
setting [73]. Using a longitudinal case study, we intended to gain an understanding of the successful and
unsuccessful attempts at BDA adoption and in this way gain a deeper understanding of the role of EA in BDA
adoption and implementation in large organizations, and specifically in the roles and capabilities. The following
research questions guided our study:
1.

What are the challenges in BDA adoption and implementation for the organization?

2.

What are the roles and dynamic capabilities of EA in BDA adoption and implementation?

3.

How should EA be used to facilitate BDA adoption and implementation?

As the literature indicates that different organizations encountered different types of challenges, the first research
question addresses the challenges that our case study organization faced. This information is the basic input for
identifying and analyzing which challenges could be addressed by EA according to empirical evidence. The second
research question concerns the dynamic capabilities that are enabled by EA during BDA adoption and
implementation. By answering this question, the benefits of EA for BDA adoption and implementation could be
discovered. Consequently, the third research question addresses how to realize those EA benefits and what
experience and implication could be generated from the case study.
To collect the data, a large administrative organization was investigated over a relatively long period of time. As the
main data collection instruments, interviews, reading available materials and observation were used. This allowed us
to observe the considerations and the steps taken in BDA adoption and implementation, as well as the challenges
the organization encountered. To this end, we will describe the background and the attempts to introduce BDA.
These BDA implementation efforts were analyzed over time by conducting interviews and analyzing documents
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capturing the history. Interviews were conducted with people in the administrative department, as well as enterprise
architects, competence center managers and an external consultant. As persons left and entered the organizations
the same people could not be interviewed every time. In total 9 different persons were interviewed resulting in 15
interviews altogether. The efforts started in 2012 and our initial interviews were held in 2014, followed by interviews
in 2016 and 2018. The times followed the major events of 1) internally driven strategy, 2) externally driven strategy
and 3) the integration of BDA in the organization. Table 3 presents an overview of the interviewees in each of the
above phases.
Table 3: Overview of the interviewees per phase
1. Internally driven strategy - 2014
CIO
Head of Business Intelligence and
analytics
Enterprise architect
Innovation officer

2. Externally driven strategy 2016
CIO
Chief Analytics Officer
Enterprise
architect
business
intelligence
Strategic advisor

3. Integration strategy -2018
CIO
Enterprise architect
Head of Innovation & strategy
Data & Analytics experts

4 Case Study
The Dutch Tax and Customs Administration is responsible for collecting tax revenue in the Netherlands. This
provides a legal basis to use data to improve the assessment of tax files and the collection of taxes. The tax
organization has several geographical locations and a huge IT department. There is a separate EA group that
develops, updates and maintains their architectures. This group is positioned close to the policymaking department
and is intended to assist in the realization of policies that are feasible to implement. Nevertheless, architects are in
different locations and they have different focuses. The Open Group ArchiMate standards have been adopted to
model the architecture. There is a vast library of ArchiMate models available describing the various aspects of the
architecture. Formal models, principles and documents are available that have been approved by an architecture
review board (ARB). Once approved they should be used or it should be explained why they cannot be used. The
models and other documentations enable the management of the architecture and the migration towards new
situations.
The organization has many big data sources available, but they were hardly used. Furthermore, there are many big
data sources outside the organization which can potentially be used. These can be open data, but also data of other
public organizations about properties like houses and cars and income information from social security, and private
organizations like selling/buying of products, and also financial information. Some of the information had been
already used in the operational processes to pre-fill tax forms. In various departments, big data has the potential to
improve their business. There are departments that focus on a certain type of tax (VAT, Income etc.), and
departments that focus on citizens or businesses. Although their needs are different, many of these departments are
in need of the same big data sources.
In the internally-driven strategy phase, the organization initiated various BDA programs to improve their
administrative processes. Various departments reserved budget and hired external staff to explore the potential of
BDA. They had high ambitions to reduce the number of staff by utilizing BDA to detect tax evasion and fraud
automatically. Their strategy was to avoid the development of new and risky large systems and their focus was on
creating a coherent landscape in which data can be exchanged. Data was stored in various places in the
organization and external data sources were in use. The internal procedures and mechanisms were to be followed
for innovation, but the ARB had to approve new software and principles, which delayed the process. The EA could
be used to inform the changes, however, they were lacking BDA knowledge. One interviewee commented that the
emphasis shifted towards competing between departments, instead of collaboration, as everybody wants to present
their innovation as the killer application and claims that the architecture is not suitable.
The initial adoption strategy was to explore the opportunities internally and subsequently exploit them, as shown by
the internally driven strategy arrow in Figure 1. Exploration is associated with innovation, search, discovery and
experimentation, while exploitation is generally associated with gradual improvement, refinement and efficiency [30].
As manual control of every tax file has become impossible, the idea was that BDA would enable a move towards a
risk-based approach, in which existing data would be used to create risk profiles of citizens and businesses. For this
innovation, various departments began making better use of their data. Most departments educated some of their
current staff to understand and analyze the data, while other departments hired specialists in this area. Although this
adoption strategy resulted in progress, the efforts proved not to be effective, given the high ambitions of
management, which wanted more rapid progress. An interviewee stated that departments should work together to
avoid duplication of efforts and high costs. Only when they work together will data quality and reliability be
accomplished at acceptable costs.
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2. Externally
driven strategy

3. Integration

Internal

External

Figure 1: Shift in BDA adoption strategy from internally to externally driven approach
Therefore, at the next stage, named externally-driven strategy phase, a separate department running major BDA
projects was created to implement a new strategy, as visualized by the externally driven strategy arrow in Figure 1.
The second strategy was adopted to progress more quickly without being constrained by existing institutionalized
patterns and procedures. This department was operated separately from all the other departments in the tax
organization, and directly led by the management board. To obtain BDA analytical skills, this department hired
experts who had a proven record in using BDA in other domains. The disadvantages were a poor connection
between this department and other departments of the organization and limited knowledge about the core activities.
This department collected the data by extracting it from the existing systems of the tax organization and importing it
into its own systems. In addition, external sources, such as social media, were used to enrich the data; for example,
to detect trading activities that were not reported. Subsequently, an analysis was made without being bound by the
organizational structures. One interviewee told that this resulted in innovation without considering the tacit
knowledge and complying with legislation, all lessons from the past are neglected. The use of their own systems,
irrespective of the current architecture and standards, resulted in quick development but also in more heterogeneity.
Although the second strategy appeared to accelerate exploration and the development of BDA applications, the
actual exploration took more time. The use of the new BDA applications encountered resistance in the organization
and the new applications were also developed without considering the existing landscape. This made it difficult to
integrate the innovative BDA applications into the existing landscape and modifications of the existing landscape
were required.
In the third phase, integration, the BDA efforts were integrated in the organization. This is shown in Figure 1 in the
quadrant of exploitation in the internal organization. A clearer view on where BDA could be used was developed over
time. Agile development teams were created and worked on BDA development programs, by teaming up with tax
experts and others. EA provides a value-added role and helped to create a platform for using data. Despite some
clear technology choices and support the data stored in silos remains. This allowed analysis to be conducted and
rapid feedback to be gained. However, there were some issues. Finding and collecting the data proved to be a
cumbersome process. The data had various qualities which sometimes made it difficult to use. In addition,
understanding the domain was found to be a condition for being able to interpret the data. Finally, as the team was
separated from the other parts of the tax organization, an awareness of norms and values that should be adhered to
was lower. This resulted in the violation of the data protection act, with data collected and stored in a huge data
warehouse. The latter are also more vulnerable to cybersecurity attacks.

5 Findings and Implications
The case study provides insight into the use of EA for BDA adoption and implementation. This section presents and
discusses our findings and their implications with regard to the three research questions.

5.1

BDA Challenges and the Use of EA

The case study presents a change in BDA adoption strategy, from an internally driven to an externally driven
approach over time. Both strategies needed EA to support BDA adoption and development. By examining the type of
management challenges, listed in Table 1 above, we found that the change in strategy introduced different
management challenges to the organization. As different challenges were encountered, the use of EA shifted, along
with the change in BDA adoption strategy. The bases of both strategies, the BDA challenges in the organization and
an overview of the use of EA are shown in Table 4. The BDA challenges are summarized in a map with the
management challenges of BDA adoption from the literature (Table 1).
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Table 4: BDA Adoption challenges and the use of EA

Basis

Management
challenges

Fragmentation
Privacy
Management
capabilities
Authority and
legitimacy

Internally driven strategy

Stimulate and provide existing
departments resources and
support to develop new
applications to take advantage of
BDA

Fragmentation of initiatives









Roles of EA

Negative effects




Externally driven strategy

Establish external department with
BDA expertise to develop new
applications to take advantage of
BDA


Collecting of data across different
roles and processes
N/A

Inclusion of public values
Obtaining BDA analytic skills and expertise
Flexibility to adapt the current infrastructure and software to allow for access to
required data or the utilization of BD
Interoperability between data
Existing institutionalized patterns

Resistance of internal organization
Look at existing system landscape
Review BDA application before use
Use of existing data sources,
formats
and
interoperability
principles
Instrument to evaluate impact
(cost-benefit analysis)
Slow adoption
Heterogeneity





Used for gaining an overview of
available data sources
Developing new BDA principles and
standards
Developing reusable building blocks




Neglecting existing systems
Difficult to integrate



In the internally driven strategy, the idea was to facilitate bottom-up initiatives and to gradually incorporate the results
of the initiatives into the EA. The bottom-up initiatives were expected to develop software components and introduce
new processes and procedures for dealing with BD. The departments of the tax organization employed EA to
understand the existing IT landscape and how the existing systems that they used connected to the infrastructure.
This allowed them to review implementation feasibility of the proposed BDA application before use. In addition, EA
indicated the existing data sources that could be used by the proposed BDA application, while the interoperability
principles determined the system requirements. To some extent, EA also enabled the evaluation of the proposed
BDA application in a cost-benefit analysis.
At first, the tax organization expected this strategy to allow for the integration of BDA applications within the existing
IT landscape and thus present a highly cost-beneficial solution through the reuse of existing resources. However, the
initiatives were found to be overly diverse and did not create cross-departmental applications. They were proven to
be insufficiently advanced to provide undisputed input into the EA. Moreover, the existing departments did not have
the capabilities to make use of this advanced technology. In addition, it was unclear how the existing systems should
be updated and how data governance should be dealt with. Overcoming these challenges was very time-consuming
and the EA group and ARB found themselves overworked.
The literature suggests that EA should be used as a blueprint to specify a certain implementation or provide
guidelines for implementation on a higher level [4], [46]. However, the assumption that the desired situation can be
blueprinted to integrate BDA was not found valid in our case. Only a long-term vision can be developed, but there
are so many complexities and changes that a detailed description of the future situation is not possible. Complexities
were found at different levels, which proved to make it too complicated to develop a blueprint in which BDA could be
integrated into the existing structure. The infrastructure was not able to handle the large amount of data, data with
various formats proved not to be interoperable and people did not have the skills and expertise for BDA analysis.
These issues needed to be resolved and understood before a blueprint could be made to integrate BDA use into the
current infrastructure.
The above challenges resulted in difficulty in integrating BDA into the current IT landscape. This resulted in the
creation of a separate department, which operated independently from the existing organization. BDA experts were
hired and used to create this department. New technology was used, which was different from the conventional
technologies. This effort came with the creation of added value applications, such as dynamic monitoring of the
economic activities of people and organizations who did not pay their taxes. Based on this strategy, EA was used as
a collection of existing standards and data sources. This allowed the new BDA principles and standards to be
considered alongside the existing ones. The reusability of BDA applications was also considered by using EA as the
input for deriving requirements from different departments.
Separation from the current IT landscape made the process of BDA development faster than the first strategy.
However, this also resulted in the creation of a separate domain, which could not be integrated with the existing IT
landscape. This neglect of the existing systems created another kind of silo, in which the lack of collaboration among
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people with different roles and across processes hindered the collection of data. Furthermore, as most of the newly
hired people were not familiar with the tax organization, the new systems did not adhere to the required norms and
public values. In particular, the storage of all the data, with the ability to link this to person, was found to be in
violation of the data protection act. There was also friction between the departments in charge of the collection of the
data and the external department conducting data analytics.
In the third phase, the importance of systems integration and data governance has been realized. EA is expected to
facilitate the integration of processes and systems and enable data management across departments. In a
comparison with the first phase, the organization encountered the similar issues regarding the adaptation of
infrastructure and data interoperability. This implies the need of comprehensive capabilities beyond the choice of
BDA adoption and implementation strategies.

5.2

Developing Dynamic Capabilities

Organizations are often uncertain about what dynamic capabilities are required for BDA adoption and
implementation before they start their BDA initiatives [35]. BDA requires new capabilities that are not readily
available in the organization. Developing new BDA applications requires that staff should be able to program,
analyze the data, have knowledge of statistics and be a good communicator. These capabilities can either be
developed in-house through training and experimentation or can be bought on the market and subsequently
internalized. Knowledge transfer and information flows from both internal and external sources play an important role
in the creation of dynamic capabilities.
One way the tax organization could overcome the challenges encountered in BDA adoption and implementation was
to develop a new set of capabilities that it did not previously possess. These capabilities (see Table 5) range from
the strategic to the technical. Lacking these capabilities makes it difficult to realize the benefits of BD. In particular,
the many changes that were needed could not be dealt with by the organization. Multiple interviewers indicated that
the organization did not have sufficient dynamic capability to deal with all the changes at the same time.
Table 5: An overview of dynamic capabilities needed for BDA adoption and implementation in the tax organization
Category

Capabilities needed
• to share BDA using a basic infrastructure
• to define standards for BDA exchange

Technology

• To protect personal data
• To use data analytics software to analyze BD
• To identify the changes in systems needed
• To create a collaborative network to gain access to data
• To use BDA to create value

Collaboration

• To govern the use of BDA
• To create BDA and data analytics expertise
• To understand BDA opportunities for the organization

Strategy

• To gain top management support

To overcome the challenges of flexibility and interoperability, the organization is required to fundamentally improve
its infrastructure and software technology. In the case study, the current EA documents informed BDA developers
about the location and content of data, but this was found to provide limited help in integrating BDA into the existing
infrastructure and software. The findings suggest that current infrastructures might not be suitable for integrating
BDA, and substantial changes are needed. The main question for the organization is therefore not how to use
current EA documents to manage the integration of BDA, but how to redesign the infrastructure to make it suitable
for BDA implementation, as well as develop a migration plan for it by making use of EA.
Standardization is also important for enabling efficient data exchange and reuse, and consequently facilitates
interoperability. Various data formats were documented by EA files as input for defining BDA standards at the
organizational level. However, standardization is still quite a difficult job and has uncertainties, as it is not only
affected by the current use of data within an organization but also by changes in industrial or national standards, and
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the possible use of BDA in the future. Moreover, even when infrastructure and standardization are adjusted for the
use of BD, people need sufficient BDA skills to be able to realize the benefits.
Furthermore, to avoid fragmentations, the BDA value-creation process should be negotiated and designed in a
collaborative network, allowing further access to and usage of data. Data governance that ensures the quality of data
and the appropriate use of it is important to protect privacy and ensure legitimacy, thereby maintaining a social
structure suitable for BDA development. This goes beyond the current use of EA for documenting who is doing what
in a business process. The new capabilities for collaboration will allow the organization to redesign the business
processes across different departments from a value-creation perspective, rather than simply connecting existing
processes.
Finally, leadership support is essential in BDA implementation to ensure authority. Public organizations often create
institutional structures through the division of their business and services. The use of BDA often does not fall to a
single department, but has an impact on a larger scale, creating new insight for the whole organization. Top
management could use EA as input to redesign the organizational structure and make appropriate adjustments to
existing institutionalized patterns to provide authority for BDA implementation. This means top management is able
to understand and can make decisions based on freeing up resources, and support the use of BDA in a global and
long-term perspective.
Possessing the above capabilities allows an organization to reconsider the role of EA in BDA adoption and
implementation. The case study implies that given sufficient capabilities, EA could play a more important role in BDA
adoption and implementation. This will be discussed in the following section.

5.3

Roles of EA in BDA Adoption and Implementation

The investigation of different BDA adoption strategies gives us an insight into the effect of using EA in BDA adoption.
However, this only reflects a narrow view on EA functions, whereas EA had an even greater role in BDA
development. To understand the potential roles of EA in BDA adoption and implementation, we confronted the roles
of EA as found in the literature and the findings of this case study. EA roles were used in various ways, as shown in
Table 6. The possible roles of EA as found in the literature are outlined in the left-hand column. The roles found in
our case study are listed in the right-hand column. The table clearly shows that multiple roles of EA were of
importance. Only client orientation and decision-making support were not found to be important in the case study:
although BDA helps to better understand clients, EA was not used to enable this; and the decision to use BDA had
already been made without the support of EA. Furthermore, the roles of EA changes over time and needs to be
appropriate. This suggests that EA should not be viewed as a one size that fits, but should be customized and the
roles are context dependent.
Table 6: Overview of the roles of EA in BDA adoption and implementation
Roles of EA

Roles found in the case study

Dealing
with
complexity
Facilitating reuse

The ability to decompose BDA effort into manageable parts was a key aspect

Enabling
interoperability
Client orientation
Creating flexibility
Ensuring public values
such as privacy are
adhered to
Facilitating
communication
Impact evaluation
Decision-making
support
Migration strategy

Identification and development of reusable building blocks for collecting and
processing BDA
Interoperability was perceived as a long-term problem. Initially, manual activities were
performed to enable transfer of data to and from systems. EA provided input for
defining BDA standards at the organizational level to facilitate interoperability
Not identified
The creation of a configurable software and data infrastructure needed to facilitate a
variety of BDA applications
Architecture principles and models should ensure that public values such as equal
access and privacy are adhered to
The involvement of the administrative staff to ensure an understanding of the
implications
To evaluate the impact of the change in infrastructure and to take measures to deal
with them
Not identified
This was found to deal with the limited dynamic capability and ensure incremental
adaptation

The elements presented in Table 6 allow a more comprehensive understanding of the potential effect of EA in BDA
adoption and implementation. EA was not found to be important for client orientation, as BDA efforts in the tax
organization were more focused on the back end. Moreover, as mentioned above, EA did not play a role in decisionmaking support as the top management made the decision to implement BDA without fully realizing the strategic
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benefit of EA. This table enables a broader view of the roles of EA and complements the narrow view that only
focuses on management challenges for organizations. With an awareness of the functions of EA, as identified in our
case study, whether the contribution of a certain EA function can be maximized will depend on the way EA is utilized.
The internally driven and externally driven approaches in this case study reflect two roles of EA: EA as a blueprint
and EA as a process.

5.4

Lessons Learned

The BDA efforts were largely pushed by the board, which gave limited space to the EA group to review and suggest
BDA strategy. The BDA phenomenon was surrounded by uncertainties, which made it difficult to use the architecture
models to determine its impact. Instead, an experimenting and learning by doing approach was adopted. This EA as
a process approach enabled the creation of some BDA applications by departments and demonstrated the
possibilities of BD. However, this resulted in higher costs, due to the fragmentation of initiatives and control and
maintenance problems, and it was difficult to manage software and data quality. One interviewee commented that
wrong data could spread like an oil slick in the organization. Data stewardship and ability to manage data is needed.
Although the architecture models were little used to understand the implications, the models did provide an overview
of the data sources. One interviewee emphasized the importance of EA: Data should be given only once to the
government. EA should ensure that the departments reuse the data. The expectation is that once it becomes clear
what BDA is and how it can be used, there will be a larger role for the architecture models to work as a blueprint. In
particular, the models can be used for impact analysis and prescribing the desired infrastructure. Given the many
uncertainties and lack of understanding of what BDA should look like and how the existing landscape should be
adapted, EA as a blueprint was little used for BDA adoption in our case study.
The existing architecture was not ready for BDA. A move from built to last to built to change was necessary
according to the interviewees. System quality was not sufficient, as data could not be easily extracted, systems were
not sufficiently flexible and new functionality could not be integrated into the existing architecture. The adoption and
implementation of BDA requires that the existing systems are prepared for this. The manager of the EA group stated
that: EA should enable the reconfiguring of the applications and data for different purposes. In the case study,
however, a new system was created at each stage. As such, an incremental strategy was followed. This approach
emphasizes the roles of EA in dealing with complexity, integrating new systems into the IT landscape, facilitating
reuse and communication.
Defining the starting point of BDA initiatives is a difficult endeavor. The strategy of attempting to integrate BDA into
the current architecture proved not to work and, therefore, another approach was taken. Efforts were made
independently of the organization, with the idea of integrating the new applications at a later stage. Nevertheless, the
data was to be collected from the existing organization and an agile approach was taken by involving policymakers,
administrators, domain (tax), and BDA quality and analytics experts. These teams developed the ideas for the
applications, collected the data and processed the data to create new insights. These multidisciplinary teams
included people from the current department and the newly founded BDA department.
The organization under study facilitated bottom-up initiatives. Although this stimulated the development of new
applications and the use of BD, it also resulted in fragmentation and encountered many problems, generating limited
value creation from BD. In particular, the departments only analyzed their own data, without looking at the potential
to use data from other departments, which limited the value that could be created. Although the bottom-up initiatives
were instrumental to the acceptance of the use of BD, they created difficulties for the distinct BDA department. They
were sometimes seen as unnecessary and used different technologies. In the long run, this created integration
problems. Developing an incremental migration plan was found to be key to the adoption and implementation of BDA.
Both applying EA as a blueprint and a process can have benefits for an organization in the adoption and
implementation of BDA. A process approach allows for quick gains, but has less ability to deal with uncertainty
surrounding BDA development. Adopting BDA is challenging, as substantial changes are needed. A blueprint
approach should deal with the uncertainties and complexities by ensuring a configurable IT landscape, and providing
an incremental approach to adapting the infrastructure step by step before the benefits of BDA can be obtained.
However, the use of EA as a blueprint requires the organization to have sufficient dynamic capabilities to enable
BDA implementation.

6 Conclusions
This research was motivated by the fact that the current literature offers few explicit insights about EA for supporting
BDA adoption and implementation. The role of EA in BDA adoption and implementation in large organizations was
investigated by studying the EA efforts over a prolonged period of time. The case study shows that EA can be used
in various ways and that the roles of EA and the capabilities depend on the situation at hand. The context influenced
the EA roles and capabilities and should be taken into account in EA research.
In the case study, initially, a bottom-up approach was initially taken to enable the creation of BDA applications;
however, this strategy did not work. The complexity and fragmentation of BDA sources made the use of EA
challenging. Although this strategy helped to gain an understanding of BDA and its potential for the organization, the
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departments were not able to develop the capabilities needed and the approach resulted in heterogeneity. The
infrastructure could not be adapted, data quality could not be ensured, and the advantages of BDA were not realized.
Subsequently, an alternative adoption strategy was introduced, with the establishment of a separate department.
This department had the power and capabilities needed and did not suffer from path dependencies, quickly making
use of BD. Facilities were created at lower costs and data quality could be ensured. While this was instrumental in
creating BDA applications, this strategy did not, however, facilitate the adoption of BDA across the organization in
general. This will require an additional step, which is still to be done in our case.
Our first research question was what are the challenges in BDA adoption and implementation for the organization?.
The main challenges were fragmentation of data over many departments and organizations, dealing with privacy,
lack of management capabilities of dealing with BDA adoption and no clear authority of the responsibility for BDA
development and legitimacy of instating organizational change to reap the benefits of BDA.
To remove the impediments to BDA adoption and implementation, organizations need new capabilities in relation to
strategy, collaboration and technology. The second research question was what are the roles and dynamic
capabilities of EA in BDA adoption and implementation?. The creation of a flexible, configurable software and data
infrastructure, ensuring data interoperability and enhancing collaboration among departments were found to be key
capabilities. The findings suggest that large organizations that are able to adequately capture the above capabilities
are more likely to make use of EA to overcome the specific challenges of BDA adoption and implementation.
The third research question was how should EA be used to facilitate BDA adoption and implementation?. The
functions of EA were found in various areas, but the effective use of EA seemed to be limited in the early stages.
Initially, EA was primarily used to provide an overview of the various data sources. It was only after it became clear
how BDA could be implemented and used by the organization that EA started to play an important role in the
creation of a flexible and configurable infrastructure, and in the assessment of BDA applications. This reveals the
need to develop EA in such a way that it is able to deal with the typical characteristics of BDA. The roles and
capabilities of EA changes over time and the appropriate way to use EA needs to be explored and perceived by
people during the practice. This suggests that EA should not be viewed as a one size that fits, but should be
customized for the various domains.
The case study reflects two main strategies of using EA in BDA adoption and implementation: as a process and as a
blueprint. Although the EA as a process approach allowed for more rapid achievement of BDA benefits, it did not
take into account the existing systems and thus could create integration problems in the long run. In contrast, the EA
as a blueprint approach sought long-term benefits of BDA implementation. However, it also assumes that the future
can be known and outlined in advance; and it needs the development of dynamic capabilities. Both approaches have
their pros and cons, and we recommend that the approaches be compared in different organizations in further
research.
The case study provides insights for analytical generalization to similar situations. The case study is characterized by
a situation in which there are various big data sources, many stakeholders which can use big data in different ways,
various kinds of analytics are used for various applications. This study has its limitations in relying on a single case
study, which offers limited statistical generalizability. A consideration of more cases could provide deeper insight into
the role of EA in BDA adoption and implementation in different sectors. Furthermore, we discuss the management
challenges of BDA adoption in the context of large organizations. Most or even all of them might also be the
challenges for small and medium enterprises. This could be subject of further research. This study has revealed that
there are a number of functions for EA in BDA adoption and implementation. Further study of the potential causal
relationships between EA functions and BDA development will complement current research and theory on EA
benefit realization mechanisms. These studies should take into account the situation at hand and identify contextual
variables.
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