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Management Summary

‘REMOVED’

For proper data quality management Wang et al. argue, by means of their so-called Total
Data Quality Management theory, to implement continuous improvement cycles. With the
iterative process of Define, Measure, Analyze and Improve, this methodology should
ensure reliable delivery of high-quality information products. This is important as high-
quality data has become a strategic resource to make well-informed decisions in today’s
fast changing business environments. In fact, this calls for a theoretical framework that can
help companies to address and manage their data quality issues more sustainably.

Despite the availability of the Total Data Quality Management (TDQM), it does not
operationalize its variables in terms of implementation and management. After all, data
quality managers should be able to monitor and steer their processes with a set of
instruments and controls. Therefore, this study proposes a research model that
operationalizes the TDQM method and extends it with management dashboard theory.
Namely, this latter enables the efficient integration of information systems and
corresponding performance indicators to support managers monitoring and steering their
data quality throughout the continuous improvement cycles.

For the theoretical model is a corresponding benchmark developed. It is based on
statements from scientific literature and used to assess the current practice in Shell
International Exploration & Production (SIEP). The outcomes of this benchmark bring a
number of recommendations to improve the data quality approach in SIEP. The implement
and validate these recommendations, a set of requirements is translated into a working
prototype. The interactive character and strong visualization capabilities of this tool allow
analyzing data quality in different formats and views.

‘REMOVED’

After implementation of the requirements in a full-functioning prototype, its effectiveness
and efficiency are validated with a quasi experiment. The Technology Acceptance Model is
used to validate the prototype against. This causal model is relevant as it links system
features to cognitive responses and actual usage of the prototype in the end. Empirical
testing in the SIEP business shows that the prototype is a significant improvement over the
current situation. In other words, this research contributes to SIEP by delivering a prototype
and to the academic world by delivering a validated research model that integrates the
TDQM theory with a management dashboard.
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Chapter: 1 Introduction

This chapter contains the introduction of this master thesis project in Shell International
Exploration & Production (SIEP). Section 1.1 starts with a brief discussion of Royal Dutch
Shell and its core business processes. Section 1.2 then converges to the problem context
and explains the current practice in SIEP with regard to data quality management. Based on
these outcomes, Section 1.3 defines the research questions for this project. Finally, Section
1.4 concludes with the main research topics and the corresponding structure of this report.

1.1 The Shell Organization
For most people Shell is a well-known organization, especially because of its service
stations. Though it is mainly perceived as a petroleum company, it offers a much wider
range of energy solutions and hydrocarbon chemicals. For example, investments are also
made in renewables and lower-carbon energy sources. Around the globe, Shell companies
work in partnership with industry, government and society to deliver what is expected from
them in terms of economical, social and environmental contributions. Some short facts:

e About 102.000 people employed in over 100 countries
Besides oil & gas interest in bio fuels, hydrogen, wind- and solar power
Daily production is approximately 3.2 million barrels of oil equivalent
World’s largest retail network with 45.000 service stations
Annual R&D investment of $ 1.3 billion (2008)
One of the largest independent oil & gas enterprises in the world
Committed to social and environmental sustainability

Figure 1 gives a visual representation of the core process in Shell:
OMNSHORE .
,. Qil

NG

Feedstock
DOWNSTREAM

Figure 1: The Business of Shell [113]



1.2 Problem Context

‘REMOVED’

1.3 Research Question

‘REMOVED’

The scientific literature argues yet since 1986 to use continuous improvement cycles for
quality management. Despite many of these theories are available for quality management
in general (e.g. Six Sigma and TQM), there is hardly any comprehensive framework
available for data quality in particular [1][5][7]. A non-pragmatic theory that can be of use
is Total Data Quality Management (TDQM) by Wang et al. [2][3][5][11][19]. He argues
that data quality should be managed through a continuous improvement cycle of Define,
Measure, Analyze and Improve. To fit SIEP’s desire to improve on its existing
methodologies used, the following research question is addressed in this paper:

Which improvements should be made to the Global Data Quality Dashboard in order
to better support the continuous improvement cycles of Total Data Quality
Management?

The following sub questions should be answered to deal with the main question:

A. Which gaps become clear from a benchmark between SIEP’s data quality approach and
arguments in theory on TDQM and Management Dashboarding?

B. Which requirements and recommendations can be defined for the Dashboard?

C. What are a new dashboard design and corresponding prototype that incorporate these
requirements and recommendations?

D. Which conclusions and final recommendations can be made from validating this
prototype in practice?



1.4 Project Structure

The previous sections explained the focus of studying the Dashboard support in SIEP’s
data quality approach. Scientific literature is required to assess the current situation in terms
of data quality management with continuous improvement cycles and management
dashboarding. Chapter 2 contains a presentation of all relevant theories currently available
in literature on these topics. Then Chapter 3 gives an explanation about the methodology
used for this research. Together with SIEP’s data quality approach, the theoretical
foundation forms the input for a gap analysis in Chapter 4 — thus addressing Question A.
Next, Chapter 5 uses the identified gaps to define new requirements and recommendations
for improvement (Question B). The next step is to translate these into a solution artifact,
which in this case consists of a prototype. The development process and final product
delivery address Question C and are presented in Chapter 6. Obviously the prototype has
to be tested and validated in practice, which is explained in Chapter 7. Also conclusions are
drawn here and the final recommendations formulated to improve the Dashboard
(Question D). Finally, Chapter 8 contains the overall Discussion and suggestions for
further work. Apart from the Introduction (Ch.1), Methodology (Ch.3) and Discussion
(Ch.8), the project structure can be summarized as:

SIEP’s Data Quality Theory
Approach (TDQM & Dashboard)

Methodology

Gap Analysis

Figure 2: Project Structure



Chapter: 2 Theory

This chapter concerns a theoretical discussion on the key subjects of this research, being
data quality management with continuous improvement cycles in relation to management
dashboarding. First of all, section 2.1 presents the findings of a structured literature review.
Section 2.2 discusses data quality management in general, with subjects like the
information product and continuous improvement cycles (TDQM in particular). Section 2.3
continues the discussion on dashboards, with for example possible features and relevant
stakeholders. Finally, section 2.4 concludes with the development of a new research model
that is used to structure the assessment in Chapter 3.

2.1 Literature Review

The two following sections explain the methodology and results of a structured literature
review. After all, ‘relevant literature is an essential feature for any academic project’ [45].

2.1.1 Methodology

For a structured literature review the following 4-step methodology should be applied [45]:
1) Since it is most likely that the major contributions are published in leading journals,
they are started with. The search engines Scopus and Web of Science cover 92% and
Inspec 88% of the Top 25 IS journals (see Appendix B) [44]. Due to the coverage and
user convenience Scopus is used as search engine. Obviously all databases should come
up with the same results, except for the excluded journals of course. To complete the
findings from Scopus, the missing articles were manually searched in the respective
journals, in this case being the *Journal of MIS’ and ‘Communications of the AIS’. The
following inclusion/exclusion criteria were used to select the relevant articles:
o Key words: data quality, data quality management, TDQM, quality dimensions,
stakeholders, management dashboard, functionality, design, implementation
e Management summary: assessed on significance, novelty and generality
e Figures and content: checked usefulness and reliability of the used theory

2) After this forward sampling, also backward or so-called snowball sampling is applied.
This means that the reference list of earlier found articles is scanned for interesting
publications. Possible articles are next searched and selected similar as in Step 1.

3) lterations of this back and forth sampling are conducted until no new concepts are
found. Using such a systematic approach should ‘ensure a relatively complete census of
all relevant literature’ [45]. As such, a comprehensive collection of relevant articles
becomes available that represent the current state of theory development.

4) A literature review should be concept-centric, especially because the author-centric
method fails to synthesize the literature [45]. The articles are logically grouped, key
concepts identified and compiled in a so-called concept-matrix. This table has in the
rows the list of relevant articles and columns the overview of identified concepts. Every
article is scored on whether it addresses a particular concept. A concept-matrix can
serve as a framework for further review or structured discussion of the relevant theory.
The concept-matrixes for this research can be found in Appendix C.

Introduction — Theory — Methodology — Gap Analysis — Requirements — Prototype — Validation 10



2.1.2 Search Results

This research concerns two main subjects, respectively Dashboarding and TDQM. As a
result also two searches have to be done. The first search used “‘data quality dashboard’ and
‘management dashboard’ as key words to search the Top25 IS journals. Unfortunately this
hardly led to any useful results, only two articles were found that were not relevant. A more
extensive search covering all journals led eventually to respectively nine (for data quality
dashboard) and seventeen (for management dashboard) relevant articles. Obviously some
articles appeared in both searches, after selection 22 relevant and unique articles remained.

The second search used ‘Total Data Quality Management’ or TDQM as key words. Also
here this resulted in only a few relevant articles published in the Top25 IS journals. After
snowball sampling a number of other articles were added, for example of the TDQM
founders Richard Y. Wang and Yang W. Lee. Although the additional articles do not
mention TDQM explicitly, they contain interesting backgrounds to better understand
TDQM and its context of data quality management. In order to assure the quality of these
new articles, the references of the actors were checked. It appeared that some articles are
published in the Top25 IS journals, respectively the Communications of the ACM, Journal
of MIS and Information & Management. In addition, the number of citations gives a
reliable indication for the quality as well, for some publications this exceeds a number of
hundred. After selection a total of 21 relevant articles remained for this topic.

In summary, after forward and backward sampling of the main subjects, two
comprehensive sets of respectively 22 and 21 useful articles became available. They give a
representation of the current theoretical developments in data quality management and
dashboarding. Reading and studying them more in depth led to the identification of
different concepts. The aggregation of these concepts can be displayed in a matrix, the so-
called concept-matrix [45]. Please refer to Appendix C for the matrixes of this research.

2.2 Data Quality Management

The objective of this project is to improve the sustainability of the Dashboard by assessing
it on the different continuous improvement cycles of the Total Data Quality Management
theory. To get a grasp on the context of continuous improvement cycles, this section
discusses the concepts as identified in the literature review — see concept-matrixes in
Appendix C. Then managing information as a product and the information manufacturing
system are explained. The different stakeholders are presented and the institutionalization
of information quality argued. Finally, Total Data Quality Management and Aim Quality
(AIMQ) as a supporting methodology are explained.

2.2.1 The business case

With the present trend of high customization, increased need for agility and global
sustainable solutions ‘high quality data has become a baseline for managing strategic
corporate capacity and assets beyond operational necessity’ [20]. Nowadays data is also
supposed to be accessible anywhere, anytime and changing business environments require
decision makers to react faster to their decision tasks [2]. This can be explained with a case
study in the medic field of radiology [25][34].

Introduction — Theory — Methodology — Gap Analysis — Requirements — Prototype — Validation 11



Digitalized workflow models, exploding volumes and narrowing time constraints created a
complex environment that made it hard for the radiologists to make well-informed and
optimized workflow decisions [25]. As also in general, high quality information becomes
more and more critical to every organization [1][2][15][18]. Nevertheless, in practice
managers experience difficulties with effectively utilizing their information and face
serious consequences as a result of low-quality information [10][13][18][19][17][38].

Taking a closer look at data quality issues in companies, the following root causes can be
identified. First of all, data quality is often not part of the company’s culture and it is not
integrated with the daily operations [24]. As a result employees are also unaware, unwilling
or unable to take care of it [27]. Second, in many companies information is dispersed
across the organization. It resides in different divisions, geographical locations, data marts
or paper files [28][38]. Therefore managers have to manually extract and assemble
reporting information from back-end data sources [38]. Third, problems occur with
information quality definition, measurement, analysis, and improvement. Without these in
place it is also difficult to consistently embed quality in tools, methods, and processes [5].
Also, in many cases quality success is not defined and stakeholders have different views on
victory. It can be concluded that many organizations face many problems in proper data
quality management. In fact this calls for a theoretical ground that can help companies to
better address data quality issues.

2.2.2 Definition and Views

In literature many views on data quality exist, hence no generally agreed upon definition is
at hand either [4]. In many occasions data quality is defined as fit for use [3][5][10][17]
[20][21]. Although this definition might capture the essence, in practice it appears difficult
to operationalize [7]. Other distinguished definitions contain [1][7][9][18]:

o Excellence

o Value

o Conformance to specifications

o Meeting consumer expectations

The Excellence definition is perceived as a subjective approach to assess quality, it lacks
direction for improvement and possible high costs incurred are left out [7]. The Value
definition imposes a balance between excellence and costs, hereby ignoring the importance
to consumers and opting for affordable excellence [7]. The third and fourth definitions
might be more practical and are therefore used for this research. Namely, Conformance to
specifications can be defined and measured, primarily by establishing and operationalizing
specifications [1][7][9]. The final view, Meeting consumer expectations states that
information must be useful and should have an added value to its consumers [1][7][18].

Another gquestion is the organization’s perception on information management; should it be
considered a delivery of service or product? [1][7] The service view implies an action to
experience, use or consume information. For instance, the transformation of data into
information can be seen as a service. This is traditionally facilitated by an IT function that
provides tools and assistance to the business. Service quality is defined as the ‘dimensions
related to the service delivery process as well as addressing the intangible measures like
ease of manipulation, security, and added value of the information to consumers’ [7].

Introduction — Theory — Methodology — Gap Analysis — Requirements — Prototype — Validation 12



But this definition is a vague since it can be hardly operationalized. In my perspective
service quality should be more concerned with transforming and tailoring it to the customer
needs. When information is perceived as product mainly the production, storage and
utilization is concerned [10]. In addition, adopting a product view emphasizes the delivery
of valuable information to customers [11]. Product quality includes ‘dimensions related to
product features, and involves tangible measures of accuracy, completeness, and free of
errors’ [7].

On the road to operationalize data quality, it is often viewed as a multidimensional concept
in literature [4][5][6][8]. Commonly used dimensions like accuracy, completeness and
consistency were distinguished based on intuitive understanding, industrial experience and
theoretical study [4]. Nevertheless ‘the problem with these approaches is that they focus on
the information product in terms of development characteristics instead of its use
characteristics’ [17]. In fact, they lack quality attributes that are important to and focus on
the customer. For a data customer orientated approach *‘high-quality data should be
intrinsically good, contextually appropriate for the task, clearly represented and accessible’
[17]. Based on empirical research, categories are established containing the data quality
categories and dimensions [5][17].
They primarily seem applicable to the product view on information:
o Intrinsic: data should have quality in its own right.
= accuracy, objectivity, believability & reputation
o Contextual: data quality must be considered within its task context.
= value-added, relevancy, timeliness, completeness & amount of data
o Representational: data should be presented in an intelligible and clear way.
= interpretability, ease of understanding, representational consistency &
concise representation
o Accessibility: extent to which data are available and obtainable.
= accessibility & security

Although these four categories (intrinsic, contextual, representational, and accessibility) are
often used in quality discussions, these do not incorporate the information consumer needs
[1]. That is why the so-called PSP/IQ model (Figure 3) has developed its dimensions from
the information consumer and quality decisions point of view. With application of this
PSP/IQ theory, organizations are supposed to better manage the quality of information [7].
This matrix model has in the columns the two views on data quality (conformation to
specifications and meeting consumer expectations) and the rows the information product
and information service quality. As a result four quadrants can be identified, respectively
sound, dependable, useful and usable information [1][7].

A case study with three large healthcare organizations showed that they provide useful and
dependable delivered information. Nevertheless, the usability and soundness of information
scored below average. This is a common complaint, summarized by information consumers
as “what we have, we use if we can. But we know it’s no good” [7]. Experience proves that
the soundness quadrant is the main focus of most organizations. This stems from the fact
that data quality is still largely considered the responsibility from the IT function. These
tend to focus on relatively quantitative and easy to measure soundness dimensions [7].

Introduction — Theory — Methodology — Gap Analysis — Requirements — Prototype — Validation 13



Conforms to Meets or exceeds Sound information
specifications consumer expectations  Contains the extent to which
e e characteristics of the supplied
Product | Sound informatign Lselul informatign  nformation meet 1Q standards.
Quality IQ) dimensions 1) dimensions Dependable information
Free-of-error _ Appropriate amouni \/erifies whether the process of
Concise representation Relevancy converting data into information
Completeness Understandability  meets the standards.
Consistent representation Interpretability Useful information
Objectivity Verifies whether the supplied
Service Dependable information Usable information information meets the consumer’s
Quality E\_ dimensions E dimensions task nee_ds. )
Timeliness Believability Usabl_e information .
Security Accessibility Contgms t_he process of transforming
) Fase of npe'mmn Qata into information and the extent
Figure 3: The PSP/1Q model [1] Reputation it fulfills consumer needs.

Be aware that a stakeholder might perceive the importance of dimensions differently than
others. For example, in many occasions IT departments are very much concerned with
delivering 100% accurate data, while management requires it to be 100% timely and
complete [19]. Therefore communication and coordination among stakeholders is key to
align expectations of delivering high quality information.

2.2.3 Information Product Management

Traditionally for many IT departments the “focus is on systems and events that produce
information instead of the information itself‘[18]. This so-called By-Product approach
controls individual components and manages the IS lifecycle. In fact, information is often
perceived as a By-Product instead of the critical deliverable. Another view contains the
Information Product view, which focuses on fulfilling customer needs and managing the
information as a product itself [21]. Such an Information Product (IP) is defined as ‘a
collection of data element instances that meet the specified requirements’ [12]. And a ‘data
element is a basic unit that has meaning in the context of the operational environment’ [12].
This Product approach manages the information in an integrated way and concerns the
information product lifecycle instead of the IS lifecycle. See Table 1 for further analogies.

Product By-Product
What is managed? * Information * Hardware and software
* |nformation product life cycle » Systems life cycle
How is it managed? * Integrated, cross-functional approach * |ntegrate stovepipe systems
s Encompass information suppliers, manu- * Control of individual components
facturers, and consumers * Cost controls
Why manage it? » Deliver quality information products to * Implement quality hardware and software
CONSUMers systams
What is success? o Quality information product continuously | ® The system works
delivered over the product life cycle * No bugs
+ No garbage-in, garbage-out (GIGO)! * Short-term perspective

Table 1: Comparison between product and by-product view [18]

Introduction — Theory — Methodology — Gap Analysis — Requirements — Prototype — Validation 14



A great advantage of the Product view is that information quality can be sustained and
safeguarded on a continuous base instead of only ad-hoc attempts (By-Product). In fact,
this approach manages the information product in an integrated way and concerns the entire
information product lifecycle. Which contains the ‘stages through which information
passes: introduction (creation), growth, maturity and decline’ [18]. Research from the past
decade favours that information should be managed as a Product [2][3][5][12][13][18][19].
The previous section emphasizes the importance of managing information as a Product
rather than the traditional approach of managing merely hard- and software (By-Product). It
is also argued that the production process of an information product should be regarded
similar to manufacturing tangible products [10][11][13][17][18][21]. In fact, an analogy
can be made between manufacturing a tangible product and information product (Table 2).

Product Manufacturing IP Manufacturing

Input Raw Materials Raw Data
Process Materials Processing (Requirements) Processing
Output Physical Products Information Product

Table 2: Analogy between tangible and data products

The entire set of information systems that produce information products is referred to as the
Information Manufacturing System (IMS) [12]. As in physical manufacturing systems,
different process steps can be recognized that should be fully understood for proper quality
management. Generally speaking these steps encompass the “collection of raw data, storage
and maintenance of data, and data utilization’ [21]. As in normal production management,
these processes should be properly defined and controls like quality assurance, inspection
and time management implemented [18]. Figure 4 shows these processes in relation to
stakeholders, their responsibilities and quality problems that can occur [10].
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Information
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Figure 4: Overview of manufacturing process [10]

So quality management not only concerns correcting values, but also managing deficiencies
in the production process, technical issues (storage and access) and consumer needs
(utilization). Companies can better anticipate and deal with quality problems if they are
able to recognize and categorize them on time.
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Related to these three categories, ten causes in the information delivery process can be
distinguished [10]:
a Information production
= Multiple sources of the same information produce different values
= Information is produced using subjective judgments, leading to bias
= Systemic errors in information production lead to lost information
o Information storage
= Large volumes of stored information make it difficult to access it in a reasonable
time.
= Distributed heterogeneous systems lead to inconsistent definitions, formats and
values.
= Large sets of non-numeric (qualitative) information are difficult to index.
o Information utilization
= Automated content analysis across information collections is not yet available.
= Consumers’ needs for information changes and are not recognized.
= Easy access may conflict with requirements for security, privacy and confidentiality.
= Lack of sufficient computing resources limits access.

As in tangible production, the quality of an information product depends on the input’s
quality - high quality delivery therefore calls for raw data of high quality too [14].
Furthermore, the bullwhip effect explains that ‘the earlier quality is considered in the
production cycle, the less costly it is in the long run. Upstream defects cause downstream
inspection, rework, and rejects’ [9]. Managing this properly leverages product quality and
intellectual capital, which ‘avoids expensive mistakes, allows for faster product development,
provides better customer service, creates better process management and results in more
robust and reliable products’ [28]. In addition, it is argued that value and quality of the
information products can be enhanced by (re)designing and improving the information
manufacturing system [9][11][13]. To do so it is possible to ‘transfer knowledge from the
field of regular production management to the field of manufacturing quality information
products’ [11]. This approach gains acceptance in organizations because existing experience
on physical product quality (e.g. storage, processing and TQM) can be leveraged in this less
developed field of data quality [2][13].

2.2.4 Stakeholder management

Stakeholders are an important factor in the product manufacturing process; therefore do the
following discussed stakeholders correspond only with the Information Product view. The
combination of data collectors, data custodians, and data consumers should monitor and
evaluate the information production system [12]. In this production process ‘data collectors
should ask why people need data; data custodians ask what data should they be storing; and
data consumers ask how to use these data’ [21]. The theory distinguishes the following
roles, corresponding tasks and relevant quality dimensions [6][7][9][10][19][20][21]:
o Data collector/ producer — generating and providing the information input
» Task: data production process
= Quality dimensions: accuracy, completeness, accessibility and relevancy
» Remarks: The role of data collector is concerned key for data quality. The data
collector should have a complete understanding in order to collect and select the
appropriate data for production and utilization.
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o Data custodian — providing and managing the computing resources
» Task: data storage, maintenance and security processes
» Quality dimensions: accuracy, completeness and timeliness
» Remarks: The main concern of the custodian is to ensure that all attributes
contain accurate values and processing completed on time.
o Data consumer — accessing and using the information for their task
= Task: data utilization process (also retrieve, aggregate and integrate)
» Quality dimensions: relevancy
» Remarks: In fact the consumer of the data is only supposed to evaluate whether
the data is relevant for his task or not.
o Data quality administrator — ensure that data conforms to the requirements
= Task: data monitoring, controlling and reporting on quality

Though these stakeholder roles are important, they can result in different views on data
quality requirements and standards [9][19][21]. Poor quality is ‘commonly caused by lack
of coordination and sharing of knowledge among the information consumers, producers,
custodians and suppliers [18]. This can be explained with the following three premises:

o User specificity of quality attributes: ‘Quality parameters and quality indicators may
vary from one user to another. An example: for a manager the critical quality parameter
for a research report may be cost, whereas for a financial trader, credibility and
timeliness may be more critical’ [9].

o User different quality standards: ‘Acceptable levels of data quality may differ from
one user to another. An investor loosely following a stock may consider a ten-minute
delay for share price sufficiently timely, whereas a trader who needs price quotes in real
time may not consider ten minutes timely enough [9]".

o Non-uniform quality attributes and standards: A single user may have different
quality attributes and quality standards across databases, entities, attributes, or
instances. For example, a user may need higher quality information for a telephone
number than the weather [9].

In addition, it can be assumed that users of a dataset know its quality. But in the
information product approach, data is transferred and combined with other domains in the
value chain. As a result the quality in the next phase may become unknown and different
views on required quality attributes among users occur. Therefore coordination and
collaboration between the different roles is required to have a mutual understanding of
consumers’ interests and the process of information production and maintenance [5]. In
order to better facilitate coordination and deliver quality information, a new role of
Information Product Manager (IPM) is suggested [7][18]. The IPM is responsible for
coordination of data quality management activities among stakeholders. By application of
an integrated and cross-functional approach the IPM orchestrates the fulfilling of
information consumer needs. In fact the IPM is also responsible for monitoring the
changing expectations and management of the continuous improvement cycle [18]. Also,
the organization should be aware that not only the IT related employees are responsible for
data quality, but also the functional personnel in their daily operations [19]. Finally
organizations should enforce a mind shift from a strong technology focus to a wider and
business supportive orientation [21].
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2.2.5 Institutionalization

The shortcomings of the conventional data quality approach, primarily focusing on hard-
and software instead of information, are yet argued. After all, a set of control technologies
is used that only address data storage in terms of accuracy and integrity [6]. Many
organizations have ‘only piece-meal, ad hoc techniques available to measure, analyze, and
improve information quality’ [1][20]. In the change from by-product to product view, the
focus should also shift from temporarily and ad hoc solutions to a continuous and process
oriented approach [6]. To do so, solutions for data quality problems should be embedded in
an overall data improvement process [1][3][8][19]. This change is also referred to as
institutionalization of data quality in an organization [19]. This can be realized by
embedding rules in routine work procedures, software codes, system processes and
integration of the various information systems [20][36]. Nevertheless, one should be aware
that assessment of data quality is a complex on-going effort that requires fundamental
principles and a solid assessment structure.

Often mentioned and well-known methodologies in this field are Business Performance
Management (BPM) and Business Activity Monitoring (BAM). Namely, BPM is
concerned with the management, modelling and automation of business processes to
increase the enterprise’s agility and operational performance [39]. BAM is an enterprise
solution that aggregates, analyzes and presents

the performance information in a real-time + ARSI A
manner [31]. Important to remark is that the S €3
information is reported only in business terms il _ Frocets. “i
[31], rather than also technical aspects. . Function §§
Therefore recently so-called Event Processing —— " W : E
(EP) was introduced, which integrates the gr_ - w
technical and business layers — see Figure 5. It £ vy~
does so by integrating the different £E /¢ R ot
technologies like BPM, BAM and SOA [39]. %t *‘(’ “Apliation O
Eventually this set of technologies allows for gf . ca

=

describing and monitoring the business L
performance on a continuous base. Figure 5: Event Processing [39]

2.2.6 Total Data Quality Management

The need for information product management and institutionalization of data quality has
been explained in previous sections. Also the importance of shifting from ad-hoc
measurement to quality management on a continuous base is stressed. In theory this is
referred to as the implementation of continuous improvement cycles. Quality management
through on-going cycles is already acknowledged in manufacturing theories since 1986. In
that time William Deming developed Total Quality Management (TQM) as a pragmatic
method for quality improvement. He believed that adopting a continuous improvement
cycle of Plan, Do, Check and Act could help companies to better address and improve their
production quality. Later also other methodologies like Six Sigma were based on this
principle. Nevertheless, these are not specific and applicable for data quality management.
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Therefore the basic cycle steps (definition,

measurement, analysis and improvement) were

tailored in 1992 by Wang et al. and the Total Data _ Measure
Quality Management (TDQM) method was born 267 IMS

R21BIGI[LL][L9]. This theory aims for ’
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information products to information consumers’ P

[5]. This can be realized by adopting the process ""E_;”E;fﬂf”

of “‘defining, measuring, analyzing, and improving

data quality through multiple, continuous

improvement cycles’ [3] — see Figure 6. The :

success of TDQM can be explained by a case at Analyze
S.C. Johnson Wax [19]. The goal of the program /7"

here was to ‘deliver the right business information

to the right person at the right time’ [19]. Legend

Institutionalizing information quality formed the :Ec :B"gll‘;rﬂ;xriﬂ“ﬂ

basis for continuous improvement cycles, global IP): IP Quuality

reporting capability and performance IM5: Information Manufacturing System
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efforts to company-wide efficient data quality  Figure 6: The TDQM Methodology [5]
management.

When an organization applies the TDQM it must [5]:
(1) Clearly articulate the Information Product (IP) in business terms
a. Define the characteristics for the IP
b. Assess the IP’s information quality requirements
c. Identify the information manufacturing system for the IP
(2) Establish an IP team consisting of
a. A senior executive as the TDQM champion
b. An IP engineer who is familiar with the TDQM methodology
c. Members who are information suppliers, manufacturers, consumers, and
IP managers
(3) Teach quality assessment and management skills to all the IP constituencies
(4) Institutionalize continuous IP improvement

As a supplement to the TDQM theory, the Aim Quality (AIMQ) methodology was
designed. Which provides ‘a rigorous and pragmatic basis for information quality (1Q)
assessment’ [1]. It contains a set of pragmatic tools to identify problems, prioritize 1Q
improvements and monitor them over time. An important construct here is the PSP/IQ
model (see Section 2.2.2). The AIMQ method has been successfully applied in various
sectors, among them finance, healthcare and manufacturing [1]. The methodology is
constructed of three main components that support the first three TDQM elements of
Define, Measure and Analyze. The four TDQM steps combined with the assessment
methodology of the AIMQ methodology results in the following descriptions:
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Step 1: Define

This first step starts with the definition of the Information Product (IP) in terms of
characteristics, functionalities, components and relations [5]. Also the corresponding
requirements and the Information Manufacturing System (IMS) should be determined.
Finally, relevant and specific quality dimensions should be established that display
information quality meanings to both information consumers and managers. These
dimensions are necessary to measure and monitor the quality in later stages. The AIMQ
methodology argues to use the PSP/IQ model (see section 2.2.2) as point of departure here
[1]. After all, this covers important quality dimensions for information consumers.

Step 2: Measure

In the second step quality metrics are developed to measure the current state. The set of
relevant metrics should be implemented in the Information Manufacturing System as add-
on routines [5]. The AIMQ method uses a questionnaire to measure the quality along the
PSP/IQ dimensions [1]. In fact, this calls not only for objective assessment (like
completeness and consistency), but also a subjective assessment of information quality.
This enables an organization to study also the non-quantifiable dimensions in terms of
current value, their importance and (changing) consumer needs. The quality results are
determined per dimension, averaged and mapped on each of the quadrants in the PSP/IQ
model (section 2.3.1). The list of relevant questions is context dependent and should be
developed based on the organizational characteristics [1].

Step 3: Analyze

This third step is based on measurements and statistics to study the root causes for quality
problems [5]. Also the impacts of deficiencies are calculated using a set of tools. The
implications of poor-quality data can be addressed by [2]:

o Evaluating the impact of delays in one or more manufacturing stages.

a Tracing a quality problem in an IP to the manufacturing stage(s) that caused it.

o Predicting the IP impact by quality issues identified at some manufacturing steps.
The AIMQ method describes two analysis techniques for interpretation of the questionnaire
and to focus on improvement efforts. The first technique ‘compares the quality to a
benchmark from best-practice organizations. The second technique measures the distance
between the assessments of different stakeholders of an information production system’ [1].
These gap analysis techniques assess the information quality in the four PSP/IQ quadrants
and form the foundation for 1Q improvement efforts. In case of low scores, the root causes
are investigated and improvement projects started.

Step 4: Improve

The final component argues that areas for quality improvement should be identified based
on the root cause analysis from the previous step. Unfortunately the AIMQ method does
not prescribe any technologies for improvement, except the fact that the quality
improvements should be prioritized. The TDQM theory argues that the information product
should be (re)aligned with the workflow and its characteristics redefined according to the
business needs [5]. Also should the data integrity rules and standards be revised in
accordance with the latest insights and developments [5].
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Despite various technologies are available that address monitoring and improving operating
performance, like BPM and BAM, it remains a persistent problem in organizations
[31][37][39]. Often quality metrics are implemented, but it is hardly believed that these are
effective and aligned with the strategic goals. In fact, the metrics often lack relevance and
usefulness, leading to the following set of mistakes [37]:

o Vanity - Many times metrics only measure values that make performance look good.
This means that for example only metrics are used that give a score above 95% or last
promise date instead of customer request date in logistics.

o Provincialism — Refers to the fact that often metrics pertain to a specific discipline or
group. As a result the processes are sub-optimized on a local scale, rather than
addressing it from the organization as a whole.

o Narcissism — This mistake is the result of an internal view, meaning that organizations
measure what is important to themselves rather than for their customers. 9 out of 10 can
mean for the company 90% but for a customer 0%.

o Laziness — Results from jumping to conclusions and measuring what is easy to
measure. Important to consider is what is really important and relevant to the customer.

o Pettiness — Companies tend to measure only small components rather than put it in its
wider context. For example, moving production to cheap labor countries may in the end
not outweigh the additional cost for logistics and lower quality.

o Inanity — Often metrics are implemented while management is not aware of its
consequences on employees and the organization as a whole. Slightly in line with some
other mistakes, metrics are implemented that are considered important for
compensation reasons while the big picture is neglected.

a Frivolity — Where the other mistakes are sins of intellect, this worst of all and last
mistake, is related to company culture. Bottom-line is that the importance of metrics
and root causes are neglected, stakeholders blame each other rather than shouldering
responsibilities and opinions are more convincing than objective data.

2.3 Management Dashboard

Having discussed the data quality management with continuous improvement cycles, this
section continues the discussion with management dashboards. As in section 2.2 also here
the concepts identified in the literature review are taken as point of departure. The first
section explains the business case for this tool. The second section gives a general
overview of different features and requirements as discussed in literature and case studies.
Section 2.3.3 gives an introduction in dashboard design and visualization considerations.
Finally stakeholder management is addressed here as well.

2.3.1 The business case

Formerly IT staff manually collected the performance information piecewise from different
data sources. Obviously this process was ‘slow, tedious and error-prone, and needed to be
performed frequently for different business users’ [38]. To increase business values, IT
solutions were developed that are able to monitor the business operations [36]. These
efficiently and effectively integrate information systems [25] to monitor performance
indicators and optimize their decision-making based on real-time information [34]. This
continuous control tool makes it possible to early identify and resolve quality issues [22].
This so-called Dashboard technology continuously monitors the business performance.
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Then it presents essential information to business users in a fast, on demand, accurate, easy
to read and interpreting way [24][27][36][38]. A dashboard is defined as a ‘concise,
interactive and context-specific display of key metrics for quick evaluation of multiple
subsystems’ [25]. As a result, employing a Dashboard can support performance
management and reduce costs of faulty decisions [26]. Namely, with personalized and
timely information at hand, faster and more-well informed decisions can be made [38]. As
such it ‘empowers knowledge workers to make more informed decisions by convenient
access to real-time summary of important system metrics’ [34]. It consolidates operational
data, presents business results and alerts when a metric drops below his threshold [38]. In
addition, the understanding of information is improved by data clustering, knowledge
codification and visualization of deficiencies and impacts [29]. These can be displayed in
different formats, for example ‘general-purpose lists, tables and specialized visualizations
like trees, graphs, charts, or maps’ [22]. Proper visual displays, like tachymeters, are
critical to make decisions in a complex environment with large datasets [24].

Furthermore, a set of integrated dashboard features allows users to continuously monitor,
assess and improve quality in an easy, transparent and meaningful manner [22][24]. It also
enhances the visibility and communication of problems, which is considered a critical
prerequisite for TDQM [3]. A dashboard serves both management by providing project
control and the quality assurance staff by in-depth quality analysis [22][32]. Among other
features, the dashboard can be used to interpret operational data, conduct trend analysis and
tracing quality issues [24][38]. Bear in mind a dashboard should measure what is important
to know for the business rather than what is easy to measure or looks fancy [22].

2.3.2 Requirements

The previous section shortly introduced a couple of basic characteristics for a management
dashboard. This section elaborates these more in-depth and gives a brief overview of
possible features derived from theory and case studies. The following key requirements
form the foundation to put continuous control into practice [22]:

Integration

o Agagregation and Visualization
A dashboard is intended to present quality metrics in a comprehensive and appropriate
manner, which for example can be done by categorization or aggregation of basic
operators [22]. Often powerful visualization is required to display large data sets. So-
called Statistical Processing Control (SPC) can be employed to visualize these and
quantitatively distinguish between variations. A set of charts (Pareto, polar, bubble &
spider), scatter graphs and 3D-displays can be used [24][26][33]. Another well-known
metaphor is the traffic light, which is perceived a good way to summarize a system
status according to 85% of the users [34].

o Analysis
In many cases it is hard to recognize quality deficiencies based on a single and ad hoc
base. Therefore it is required to monitor the changes over time and conduct a trend
analysis. Useful to incorporate are historical information, actual values and the target
measures simultaneously [23]. In some cases, also predictive reports are made available
to better support decision-making [26]. Also, some metrics should be assessed with a
relative scale rather than absolute measures [22].
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Functionality

o Stakeholder views
The dashboard is used by different stakeholders that each have their own interest. As
such the dashboard should be customizable to each participant’s need. For instance,
management requires a high-level overview in which quickly problems can be
identified. In contrast, quality staff and developers demand the ability to drill-down and
conduct in-depth analysis of specific quality issues [22].

o Diversity & Presentation
Because data quality concerns many different aspects and dimensions, a control tool
should be able to address many factors and artifacts as well. Not only source code must
be analyzed but also measures for models, build scripts or stored information should be
implemented.
Furthermore, because the variety of stakeholder and corresponding views on quality
levels, the dashboard should be able to support different analysis tools on different
granularity levels [22]. Users should be able to measure specific indicators and
aggregate results in groups like clients and products [33].

o Customizability
Besides being able to address different stakeholder needs, the dashboard should also be
customizable in terms of requirements, processes, analysis tools and results
presentation. After all, the ‘quality requirements are highly project specific due to
differences in target systems, applied tools and processes, involved technologies, and
project participants’ [22].

a Drilling-down
Usually analysis starts with a general overview, after which the user will zoom, filter
and searches detailed information [24][38]. This process from big picture to detailed
data is called drilling-down [29]. It allows users ‘to drill indicators down to specific
metrics or a next hierarchical level’ [33]. For example, multi-layer graph-based
techniques [29] or mouse-scroll-over sensitive objects can be used here [33]. With these
advanced technologies a user can quickly obtain detailed information by hovering over
the graph [24] or clinking on a specific bar to open a report [33].

Management

o Workflow monitoring
A management dashboard can play an important role in taking timely, information-
driven and more confident decisions [26][28]. Monitoring the workflow and providing
support in terms of consolidation, workload distribution and urgency evaluation makes
a strong contribution to this [25]. As case studies showed, collected performance data
and further analysis, helps to monitor the workflow more accurately and improve the
process performance in the long term [26][31].

o Alerts & Warnings
In order to trigger corrective actions, stakeholders should be alerted when a quality
metric drops below his target threshold, or performance gaps and undesired trends
occur [23][38]. In case of a radiology dashboard, alerts were generated with
personalized, predefined and context-specific thresholds [25].
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o Accountability
In case managers have identified a bad performing quality metric, they should be able

to track who is accountable and responsible for the data and solving the issue [33]. This
should also help to improve the communication between the different stakeholders.
After all, in case an employee faces a problem he should know who is responsible for
addressing the data quality issue.

Technology

o Quality metrics
An important construct for a management dashboard is a set of quality metrics. These
should reflect the business objectives and goals that should be monitored in the tool. A
metric must be ‘easy to measure, readily accessible, objective, and clearly understood’
[23]. For each metric a set of queries must be developed that is linked to the data source
and a proper time interval determined to review and update the metric.

o Web-based
In order to allow for easy deployment, company-wide accessibility and maintenance it
is argued to have the dashboard web-based [26][28]. In this way the information is also
uniformly presented, centralized and reliable stored, more easy scalable and security
more flexible [28].

o Extensibility, autonomous operation, and performance
Since a dashboard can never provide full support initially and customer needs change
over time, the tool should allow for adding new modules, for example statistical
analysis or assessment modules. Secondly, the dashboard should be autonomous and
not take too much effort to operate. In relation with performance, a dashboard ‘must be
capable of analyzing large systems within a reasonable amount of time’ [22].

2.3.3 Dashboard Interface

The development and design of a management dashboard is extensively discussed in a
couple of case studies. Important for the design is that a dashboard should be presentable
and appealing to use, but especially the content is critical to the success [23]. In order to
also buy-in top management, high-level information should be presented in ‘a graphically
rich, easy to use format and on a real-time basis’ [28]. Furthermore, it should have ‘a very
intuitive and consistent interface for turning data into information, and information into
decisions’ [28].

This also relates to hierarchical presentation of quality metrics, preferably depending on the
type of user. An example case presented the information corresponding to its geographical
structure [38]. Obviously the highest overall overview is only accessible by a top-manager
role. The next layer concerns several regions, which can be accessed by both top-
management and regional managers. Then, each region has several representatives that are
able to only monitor their own performance. Another case study shows three alert levels,
respectively User, Division and System [34]. The first level only addresses issues
pertaining to a single user, meaning deficiencies of particularly dataset under his
responsibility. On the divisional level alerts are displayed that pertain to an entire group,
containing issues that cannot be related to a particular individual but need group attention.
The final level concerns an entire department or organization, containing for example alerts
with regard to unplanned downtime or enterprise-wide issues.
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In many examples the dashboard is constructed of a couple of sections/ segments, each
having its own objectives and functions [29][33]. The first section usually contains at-first-
sight performance and shows the overall current, historical and forecasted performance. A
second part can display aggregated data clusters (e.g. per product or region) or specific
indicators. A third segment is reserved for a targeted analysis, for example to study trends
or conduct a statistical assessment. In some cases a data-mining engine is implemented here
as well [29]. Another section can be used for expert opinions, related publications or
suggestions for improvement [29]. Next, a part can be reserved for real-time profiling of
assets or customer satisfaction [26]. A final section can contain a forecast engine with
different statistical tools available to make quantitative future predictions [29]. Figure 7
contains an example dashboard. Features like Alerts, Tachymeters, Trends and
visualization of Contract Type can be recognized in this screenshot.

Performance Management
o d hd

Dashboards - dashboard
) My Dashboads | 4 s Shared |

Dashbaard | Billivg Dashboard Design Publish Edit Remove

$176,156.68

Gross Chargss Billing by Contract Type - Category

—— Actal — Goal
$711,6369 Medicars Part B
5661,636- 2oHLE0 645,450 [ 1053900 G048
611,836 50054 ’\i'@ib'n
Z, 192
SB61.E36 ] shups = e
611,636 3538241
5461,636 553
-

5411636 el

31605200 [5.15 %]

Unknown Insurance Typs
34068500 [267 %]

August2008

Ortaher 2007
January 2007

March 2007
April 2007
May 2U0 ¢
June 2007
July 2007

Com mercial Inslrance
$1,79550 |1.03 %]

December 2006 .
February 2007

September2006
Hovember 2006

GHP - Empbyer Group Heslth..
346,645, 10 [26.63 %]

Figure 7: An example from dashboardMD [52]

Another interesting case concerns a radiology dashboard [34]. Here an empirical study was
conducted to study the impact of dashboards on radiologists’ behavior. After all, it appears
that in many cases employees are unaware, unwilling or unable to take care off quality
issues [27]. With three different pilot dashboards, the researchers investigated a possible
change in report signing behavior, a task that is often neglected but important for quality
assurance. The most sophisticated dashboard, containing a direct actionable link to sign,
appeared to have the biggest positive impact on the radiologists’ behavior. Thus, a
dashboard should be designed to support the easy execution of tasks and herewith enforce
behavioral change to increase the awareness and willingness to take care of quality issues.
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Finally, important to bear in mind during the design is of course the target audience. After
all, an implementation can only be successful when the tool is aligned with the business,
rather than being technological advanced and looking fancy [22]. A team should be build
that represents different aspects of the business, including leadership, business
representatives, quality practitioners and the IT department [23]. A dashboard should help
the business to ‘systematically identify, monitor, and address data quality problems in order
to assure data is fit for use and meet its decision-making requirements’ [12]. Questions
should be asked like who are the users, what do they need and how can it support their
daily operations [23]. Be aware of the fact that hereby employees might perceive a
dashboard implementation a threat as they could feel being spied upon [24].

2.4 Research Model

Section 2.2 discusses the criticality of using continuous improvement cycles (TDQM) to
deliver high-quality information products. Hereby an iterative process of Define, Measure,
Analyze and Improve should be followed. Though hereby all individual steps are
extensively explained, the authors do not operationalize these in terms of how to implement
and manage these processes with tools [50]. After all, in general project managers need a
set of instruments and controls to be able to monitor and steer their processes. Therefore,
the researcher suggests the application of a management dashboard in the field of data
quality management. Namely, as Section 2.3 explained, a management dashboard allows
managers to monitor performance indicators and optimize decision-making by efficiently
and effectively integrating information systems. As such they are also referred to as
Software Project Control Centres (SPCC) or Project Management Offices (PMO) [32]. In
fact, a dashboard serves as a management information system (MIS) that is designed to
support managers in their tasks and steer in case necessary.

In conclusion, application of these two independent theories leads to the conclusion that a
management dashboard can be employed to monitor and steer data quality throughout the
TDQM cycles. It is proposed that embedding the management of Define, Measure, Analyze
and Improve in a dashboard enables a data manager to have real-time access and controls
available to better manage the delivery of high-quality information products. This results in
the development of the following improved research model (Figure 8):
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Each of the variables and their relations are further explained here. The operationalization
(IV and MV) in terms of measures is incorporated in the Gap Analysis in Section 4.2.
Variables

a Prerequisites (I1V), Define (1V), Measure (1V), Analyze (1V) and Improve (1V)

This set of independent variables together represents the Total Data Quality Management
theory — Section 2.2. Next to the four known cycle steps (Define, Measure, Analyze and
Improve), the theory also makes statements that cannot directly be related to either of these.
Therefore a new independent variable is introduced, being Prerequisites. This variable
primarily encompasses the organizational aspects that need to be in place before the other
cycle steps can be implemented. Hereby one can think of institutionalization of data
quality, stakeholder management and organizational commitment to data quality.

o Management Dashboard (MV)

This moderating variable comprehends the application of a management dashboard
(Section 2.3). In general, a moderating variable means that it affects the strength of a
relation between an independent and dependent variable. In this context this means, as the
researcher suggests, linking a dashboard to the TDQM cycle steps (independent) and the
quality of information products (DV). Namely, application of a dashboard can improve the
monitoring and management of data quality throughout the cycles. Which in the end
strengthens the relation between TDQM and delivery of high-quality information products.
o Quality of Information product (DV)

The objective of data quality management is to deliver high-quality information products.
As the research model shows, this depends on the success of the four independent cycle
steps from TDQM and application of a dashboard to enhance this delivery. The quality of
an information product can be measured in various ways. According to theory the PSP/IQ
model (Section 2.2.2) is the best to use, especially since the dimensions are developed from
the information consumer and quality decisions point of view.

Relations

a Define (IV) — Management Dashboard (MV)

The first step in TDQM requires the definition of data quality, the Information Product,
quality dimensions and corresponding metrics. A management dashboard ensures the
implementation of these and forms the communication mean of how data quality should be
managed in a uniform and consistent manner.

o Measure (IV) — Management Dashboard (MV)

The next step in TDQM measures quality performance indicators against the defined
standards. The management dashboard serves as the reporting tool in which the query
results from the databases are aggregated and displayed to the management.

o Analyze (IV) - Management Dashboard (MV)

The Analyze step continues with visualizing the data quality indicators in various formats
and calculating the business impact. The dashboard assists management with instruments
and controls (e.g. trend analysis and drilling-down) to identify outliers and support in-depth
analysis of data quality issues.

a Improve (IV) - Management Dashboard (MV)

This final step concerns the identification and initialization of data quality improvements.
Hereby the dashboard serves as a control centre that allows prioritization of the identified
improvements, tracking down the responsibility for an issue and monitoring the progress
until the follow-up meets the target again.
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Chapter: 3 Methodology

This chapter contains an outline of the study used to develop improvements for the Global
Dashboard and especially its support in TDQM’s continuous improvement cycles.
Generally, two types of studies can be distinguished, respectively a Behavioural science or
a Design science [48]. The first paradigm concerns theories that explain and predict
behaviour of humans or organizations. Hereby three additional types of study are
distinguished, being explorative, explanatory and descriptive [46]. An Explorative study is
intended to discover an ambiguous problem or develop a new subject. An Explanatory
study has a clearly defined problem, looks for an explanation of why something has
happened and addresses different dimensions of the phenomena. In a Descriptive study one
is aware of the problem and the current state of a set of variables is formulated in an
accurate way, which means without the intention for improvement.

Nevertheless, none of these seem applicable given the problem statement of this project.
The objective is namely to improve the efficiency and effectiveness of data quality
management in SIEP. In contrast to the Behavioral sciences, a Design science is
fundamentally a problem-solving paradigm that creates new and innovative artifacts to
improve current practices. Applying these two types of research results in the conclusion
that a Design science is the most applicable for this case. The benefit of this study is
twofold; ‘namely application of academic insights should deliver concrete value for
practice, and this gives feedback to the academic work’ [50] in return. As such, designing a
solution solves the identified problems in SIEP (practice) and implementation leads to
useful experience to expand the existing scientific knowledge base (academic).

In order to conduct this problem-solving Design science, a set of seven guidelines has to be
followed [48]. These guidelines are intended to assist researchers in effective and rigorous
design-science research. Each of them is applied to this project in the following sections.

3.1 Guideline 1: Design as an artifact

The first requirement of design-science is the creation of a purposeful and innovative IT
artifact that solves an important organizational problem. This artifact can be in different
forms, for example a construct, model, method or instantiation [48].

The gaps from this benchmark serve as point of departure to define the requirements
(construct/model) for the solution artifact. In addition, case studies are used (Chapter 2) to
identify additional requirements and best practices from other dashboard projects. As not
all can be implemented in this project, this set of requirements and recommendations needs
to be prioritized based on relevancy and feasibility. This is determined in collaboration
with the representatives in SIEP to ensure alignment with the business. Next, the selected
requirements and recommendations are taken as starting point to develop the solution
artifact. This artifact consists of developing a new dashboard design and next
operationalizing it into a prototype (instantiation). It is expected that implementation of this
prototype contribute to more efficient and effectively managing data quality in SIEP.
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3.2 Guideline 2: Problem Relevance

The solution artifact that is designed should be relevant for the organizational problems
identified. Therefore, design-science research opts to acquire knowledge and insights that
support the successful development and implementation of technology-based solutions in
the problematic business area. In this way the designed solutions can change and improve
the occurring phenomena [48].

The necessity for proper data quality management has become clear in the problem
statement. On the way to monitoring and controlling data quality, the importance of
information systems can nowadays not be neglected anymore. In this reasoning, successful
implementation of data quality tools has become a vital part of data quality management.
Prescriptions derived from theory (Chapter 2) are used as a benchmark to assess SIEP’s
data quality approach.....
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3.3 Guideline 3: Design Evaluation

A crucial part of a design science is evaluating and demonstrating the design via well-
executed methods. This is important to check its components on issues like quality,
utilization and efficiency in the business environment. Furthermore, designing is an
iterative and incremental process in which feedback is essential to (re)align the solution
artifact with the business requirements [48].

The design artifact is evaluated in different stages and with different stakeholders. First of
all, since theory and a practice have to be developed simultaneously, the research scope and
focus of the artifact are discussed with SIEP’s business representatives and supervising
professors. Based on the findings from the Gap Analysis, requirements are identified and
translated into a prototype. The effectiveness and efficiency of this solution artifact is
subsequently (internally) validated with the Technology Acceptance Model [43]. This
theory relates system features to the perceived usefulness and perceived ease-of-use, which
in the end contributes towards a positive attitude and eventually actual use of the new
information system. This theory is developed to understand and improve the user
acceptance by the design of new information systems. It is based on an experiment during
implementation of an electronic mail system. This study showed a causal relationship to
exist between information system features and psychological responses, like the user’s
attitude and behavior. As this theory is well-known and established nowadays, its key
constructs can be applied here to evaluate the prototype on its improved ease-of-use and
usefulness.

Introduction — Theory — Methodology — Gap Analysis — Requirements — Prototype — Validation 29



Next to the methodology for the design evaluation, important to discuss here as well are the
new insights gained and the feedback for the proposed research model. As this study
concerns a design-science, theory has been developed (academic) and applied to the SIEP
business (practical). With regard to the new insights it can be concluded that management
dashboards are yet introduced in the field of data quality management. Also, it appeared
that SIEP’s data quality approach has similar elements as argued in the Total Data Quality
Management theory. In fact, this confirms for practice as well as the academic world, there
is a mutual agreement on the data quality management approach.

Overall, this research helped SIEP to improve their data quality practice with recent
academic insights. On the other hand, SIEP served as a suitable case to test the proposed
research model, which resulted in valuable experience for the scientific knowledge base.

3.4 Guideline 4: Research Contributions

An effective design-science research should deliver clear contributions in at least one of the
following three areas: novelty, generality and significance. The key question to be asked is
‘what are the new and interesting contributions of this research?’[48]. An important remark
is that an artifact should be implementable (evaluated by instantiation and experiment) and
deliver value to the business by solving the identified problems.

Because integrated theories on data quality management with continuous cycles and
application of a management dashboards is lacking, it can be concluded that this research
applies to all three contribution areas:
o Novelty —
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o Generality — Since no mechanism is available to validate the management of data
quality with a dashboard, this research develops a model with new measures and
evaluation metrics that are non-context specific. As such the outcomes can be applied
both in SIEP internally and externally in other organizations with data quality practices.

a Significance — As explained, theory has no framework available to connect the TDQM
theory to a dashboard. This design-science integrates both these topics to develop
methods and instantiations that contribute to existing foundations and knowledge.

3.5 Guideline 5: Research Rigor

Rigor corresponds with how the research is conducted; meaning that for construction and
evaluation of the design artifact rigorous methods should be applied [48]. As such it relates
to the use of appropriate data sources (Section 3.3.1) and techniques to develop the theory
and artifact. These have impact on the applicability and generalizability of the solution. Be
aware that ‘an overemphasis on rigor can lessen the relevance’ [48]. Important to also
incorporate in the rigor discussion are the reliability and three types of validity, being the
construct, internal and external validity [47][51].

First of all, this SIEP project concerns application of developed theory in a real-life
practical case, which makes this a field study rather than a laboratory setting. Second, to
form a strong theoretical base, a structured literature review has been conducted according
to a strict methodology (Section 2.1.1).
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This ensures a comprehensive set of scientific articles that represents the current state of
developed theory for both TDQM and management dashboards. The third construct for this
research is the description of SIEP’s data quality approach, which has been defined using
multiple data sources. Mainly internal archives & documentation, colleagues and direct
observation have been used to obtain a complete picture of the SIEP’s data quality
approach. Using a set of different data sources is important for triangulation, which
requires different data sources to be used in order to check consistency between the sources
(see explanation in Guideline 6). Using for example only direct observation might lead to a
biased view of the researcher to the problem. As such, using multiple data sources ensures
an accurate and valid description of the SIEP approach. Finally, the recommendations and
the prototype are validated by means of a quasi experiment.

3.5.1 Validity

As this design-science develops a solution, an important aspect of the research rigor is
validity. Namely, it is stated that ‘a solution design is valid if the designed solution is
expected to reduce the gap between experiences and desires that it sets out to reduce’ [51].
As such, discussing the construct-, internal- and external validity and the reliability of this
study helps to predict the extent to which the gap between desire and experience is
expected to be bridged by the proposed solution — see Discussion in Chapter 8.

Construct

The construct validity concerns the use of a transparent methodology to operationalize and
measure the research objects. This type of validity can be increased by using multiple
sources of evidence and let key informants review the design and findings regularly [46].

For this research, the construct validity applies to its two constructs: the TDQM framework
and SIEP’s data quality approach. Namely, a theoretical framework (combining data
quality management and dashboard theory) was needed to operationalize the (in)dependent
variables and benchmark the current practice in SIEP. To obtain a comprehensive set of
scientific articles, a formal methodology is used by means of a structured literature review
[45]. For example, the search engine, key words and selection criteria are explained in
Section 2.1. With this scientific basis a research model could be developed, integrating
TDQM and Dashboards, to subsequently measure the variables. Next, the combination of
(internal) documentation, informal discussions with business representatives and direct
observation ensured a consistent and comprehensive description of SIEP’s data quality
approach. In this way, both the theory (framework) and practice (SIEP) constructs are
operationalized in a rigorous and transparent manner.

In addition, the following conclusions can be drawn with regard to the research process.
First of all, throughout the study there was continuous collaboration and alignment between
both the scientific world (professors) and practice (SIEP representatives). Second, the
guidelines for design-science have been effectively applied to obtain a rigorous research
design [48]. Finally, multiple data sources are used to verify the consistency of the findings
and strengthen the validity of the constructs used for this research.
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Internal

The internal validity concerns whether the proposed solution solves the identified problems
of the project. In fact, it reflects the level of confidence in the conclusions and the causal
inferences of the academic study. Also part of the internal validity is the verification of
other alternative explanations for the observed improvements [51].

The main question is whether the developed prototype (solution artifact) indeed solves the
identified problems — Section 1.2. As explained for construct validity, a rigorous research
design is applied to ensure the use of consistent and complete research objects. This results
in identifying the root problems, understanding the gaps from the benchmark and selecting
feasible recommendations in a reliable way. The next step contributing to the internal
validity comprehends the operationalization into a prototype and evaluation of the
recommendations by means of a quasi experiment. The Technology Acceptance Model is
used to validate the prototype in the end-user community. Based on the findings from the
empirical study, it can be concluded with confidence that the proposed solution solves the
initially identified problems.

Nevertheless, a quasi experiment has been applied for validation, meaning that no control
group is used, the treatment group is not randomly selected and the independent variable is
not manipulated. Also given the number of respondents, it must be concluded that the
degree of internal validity is average and can be improved by running a more rigorously
designed experiment. In summary, it can be concluded that the research objects and their
causal relations are reliable, but additional research is necessary to increase the confidence
and the strengths of the correlations.

External

The external validity represents the extent to which the solution and findings can be applied
to other domains [46]. In fact, it addresses the question whether the conclusions can be
generalized. But, it is argued that attaining external validity is difficult with a single case
research. After all, generalizing the findings of one situation might not result in reliable
theories or experiences for all other domains [47].

Since this problem-solving design-science contains both developing and evaluating
academic insights [50], the (causal) inferences in the research model are not domain
specific. After all, a framework is developed that argues to employ a dashboard for data
quality management. This generally applicable concept is constructed on an independent
scientific knowledge base. Next the benchmark measures are applied in the SIEP domain to
identify specific improvement areas. This obviously makes the outcomes of the assessment,
requirements, prototype and validation domain-specific topics. Thus, to strengthen the
external validity the generally applicable framework should also be used to benchmark the
data quality practices in other domains and sectors.

3.5.2 Reliability

The reliability of a research depends on the extent that the design study is repeatable. This
depends on whether the procedures are properly documented and the use of formal
protocols demonstrated throughout the research phases [46]. Different methodologies are
used for this research, for which the groundwork is explained in Chapter 3.
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Details are discussed in the respective sections for the structured literature review (Section
2.1), assessment (Section 4.2), prototype (Section 6.3) and validation (Section 7.1). These
comprehensive explanations allow for repetitiveness in terms of searching relevant theory,
developing the research model and defining the benchmark. With regard to the data
collection in SIEP, for confidentiality reasons the names of specific documents, employees
and data repositories are not documented. Nevertheless, all these are tracked and available
with SIEP’s business representatives on request. With the theoretical and practical research
objects available, the benchmark can be performed to identify requirements. Though no
formal protocol is used to select the requirements, develop the design artifacts and
operationalize these in the prototype, the procedures are transparent and clearly
documented. The experiment setup in terms of the research model, questionnaire and test
group makes it possible to repeat the validation of the prototype as well. It can be
concluded that, based on the explained methodology and procedures, the research is
repeatable and should result in similar conclusions as drawn in Chapter 8.

3.6 Guideline 6: Design as a search process

Generally design sciences are inherently subjected to iterative development. It is stated that
‘problem solving can be viewed as utilizing available means to reach desired ends while
satisfying laws existing in the environment’ [48]. These means contain the actions and
available resources required to design the solution.

For this project there is not a straightforward approach of applying theory on a business
case or vice versa. Therefore, a project structure is defined in Section 1.4 that phases this
research project in four key steps: Gap Analysis, Requirements, Prototyping and
Validation. Throughout these stages collaboration is needed between the business and the
scientific field in order to iteratively determine the project scope, develop the design
artifacts and implement the prototype. An important prerequisite is the availability of a
theoretical framework. But as in Guideline 4, there is no research model in theory that
connects TDQM to a management dashboard. Therefore, the researcher has an active role
in developing a research model that combines TDQM with dashboarding (theory building)
and changing SIEP’s business (problem-solving design science).
Given this project requires both theory- and practice building, case sampling is required.
This project does not concern Multiple cases, namely theory (TDQM and dashboarding) is
applied only on the SIEP case. Since a design-science is problem-solving, it is important to
validate the effectiveness and efficiency of the solution artifact. This requires the
measurement to be at least two time instances (before and after). This makes Longitudinal
case sampling a more appropriate option than a Single case (single moment in time).
Theory discusses different types of data sources, but not all are useful and applicable in
every science study [46]. The next overview explains the relevant data sources that are used
to obtain an objective and consistent picture of SIEP’s data quality approach:
o Archives and documentation
The main source used to find relevant information on SIEP’s data quality process and
the Dashboard consist of documents and presentations. SIEP has a large digital
repository available in which files are stored. Searching for data quality management
related files resulted in an extensive set of archives and presentation packs. The reports
are mainly on the system’s development process and the presentations concern
primarily management information.
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Next to searching the repository, colleagues showed additional papers or magazines that
supplemented the researcher’s findings. Eventually this resulted in an extensive
collection of documents. Next these were subjected to selection on relevancy and
reliability, which was based on the accuracy, publication date and author.
o Colleagues

In addition to the written documentation, discussions and informal conversations were
held with all the team members. Namely, the archives do not always provide sufficient
information (or are unclear) and do not capture tacit knowledge. Therefore colleagues
were questioned to supplement the archives with their experience, insights or opinions.
This has brought up specific issues and explained why or how specific decisions were
made.
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o Direct Observation
This data source contains an observation of the research objects by the researcher
himself. For this research that means the SIEP approach is studied in terms of the
different tools, data quality processes and controls. This allows gaining a firsthand
impression and experience of the problems by actually using the different tools. In
addition, this allowed for verification of the written documentation as well.

3.7 Guideline 7: Communication of Research

This final guideline concerns effective presentation of the development and design artifact
to both technology- and management-oriented audiences. This means that the
communication (report/paper) should contain sufficient detail for the technical staff to
construct and implement the solution in the business context. For management it is
important that the presentation discusses the novelty and effectiveness of the design artifact
and in which way it solves the business problem. Also the research processes should be
reported clearly so the study is repeatable and allows further research by IS researchers.

The main mean of communication for this research is this master thesis report. The
backgrounds of the different audiences are considered. The subjects are presented as much
as possible in general business terminology and in case background information is required
explanations are incorporated in the Appendixes. As such, the report is constructed in such
a way that it serves both the technical staff and management in SIEP. Besides the delivery
of this report, also two internal presentations have been given to communicate the main
findings of the study and present the developed prototype to the key stakeholders in SIEP.
For successful implementation in the longer term, it is useful to give further explanations
and support by facilitating interactive (internal) workshops.

Next to the SIEP stakeholders, as important are 1S researchers that can use this project as
an explorative study on combining data quality management (TDQM) with management
dashboards. To communicate and contribute the findings to the existing knowledge base,
the key outcomes and conclusions will be summarized in a scientific article, which
hopefully will be published in one of the Top 25 IS journals.
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Chapter: 4 Gap Analysis

This chapter contains the assessment of data quality approach in Shell International
Exploration and Production (SIEP). As point of departure for this discussion, the theoretical
framework is taken (see Section 2.4). The first section discusses the SIEP data quality
approach in the light of the variables from the research model. The relevant constructs from
the approach are explained per variable. Section 4.2 then uses this description to conduct a
gap analysis, meaning that the SIEP approach is assessed on what is argued in theory
(Chapter 2). Finally, Section 4.3 concludes with a summary of the Gap Analysis.

4.1 SIEP’s data quality approach

This section explains the relevant constructs of SIEP’s data quality approach. The structure
of the discussion corresponds with the research model (Section 2.4); TDQM Prerequisites,
Define, Measure, Analyze, Improve and Management Dashboard — see Figure 9. For
consistency, this structure is also used in the Gap Analysis in Section 4.2.
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Figure 9: Gap Analysis structure
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4.2 Assessment

The previous section explains the SIEP’s data quality approach in terms of the variables
from the research model; the Prerequisites for TDQM, Define, Measure, Analyze, Improve
and Management Dashboard. This section presents the results of the benchmark, which
applies statements made in Chapter 2 on SIEP’s data quality approach. The same structure
is used as Section 4.1 and the results of the assessment are presented in a matrix like this:

"Variable" |Proposition Yes | Partly -
1 "Statement” X
2 "Statement” X
3 "Statement” X
X

The rows list the propositions made in theory corresponding to the particular variable. The
columns contain the fields Yes, Partly or No. These are used to score SIEP’s data quality
approach on a statement. For example, the paragraph on the Define step states that an
organization should “define the characteristics and requirements of the information product’
[3,5]. Based on the whether the practice is recognized in SIEP’s data quality approach, the
statement is assessed with a cross in either of the columns. In case the description in
Section 4.1 seemed not sufficient to address a statement, these have been discussed with the
relevant business representatives. The sub-sections give the benchmark results for each
variable by the showing the table and an explanation of the individual statements. Finally,
for reader convenience the propositions are showed according to the assigned value.
Theory does not make any distinction between the importance or priority of the statements.
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4.3 Summary
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With this Gap Analysis available, the next step is identifying the requirements to improve
the current practice in SIEP. Therefore the propositions scoring Partly or No are subjected
to selection based on feasibility and business impact in Chapter 5. Also discussed are the
translation and categorization of the requirements for the solution artefact. Eventually new
designs are delivered that form the starting point to develop the prototype in Chapter 6.
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Chapter: 5 Requirements

This chapter identifies and selects requirements for the solution artifact. Section 5.1 starts
with selecting the recommendations from the Gap Analysis (Section 4.3) based on
feasibility and priority. After this selection, Section 5.2 continues with the
operationalization of these requirements. Then Section 5.3 translates these requirements in
three role-based dashboards, respectively for Global, Regional and Discipline managers.

5.1 Recommendations

This section takes the statements on which SIEP’s data quality approach scores either
Partly or No in the Gap Analysis. This set of recommendations is taken as point of
departure and subjected to prioritization and selection. A list of feasible requirements
remains that serves as starting point for operationalization in Section 5.2.

5.1.1 Categorization

The first step in selecting recommendations is to categorize them. The summary of Section
4.3 is taken to derive the improvement areas. As derived from theory on Requirements
Engineering, the following requirement types are used to categorize the recommendations:
Business, User, Functional or System [51]. Some recommendations are related to two types
of requirements, of which the second and less relevant is indicated with a (X). The values
are assigned based on logic reasoning and discussion with the SIEP representatives.
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5.1.2 Selection
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5.2 Requirements Engineering

The previous section selects the improvement areas based on their relevance and feasibility.
The causal relationships among these areas are modeled using a means-end graph. This
section operationalizes the identified end-goals, which serve subsequently as input to
develop the three solution artifacts in Section 5.3.
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5.3 Design artifacts
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5.4 Prototype requirements

Based on selection of the recommendations identified in the Gap Analysis (Section 4.3), a
number of them have been elaborated in Section 5.2 and Section 5.3. Collating and
summarizing these recommendations results in a list of requirements that can serve as basis
to develop the prototype in Chapter 6. It is important to bear in mind that these
requirements mainly address the issues identified in the Problem Context (Section 1.2).
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Chapter: 6 Prototype

Chapter 5 translates the outcomes from the Gap Analysis into a set of User, Functional and
System requirements. The first two have then been used to design three new role-based
dashboards. The next step is to operationalize and implement these design artifacts into a
functioning prototype. Therefore, Section 6.1 gives an introduction into the used
application and Section 6.2 shows the instantiation by means of different screenshots.

6.1 Software application
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6.2 Development

After familiarizing with the application, the next step is to operationalize the requirements
as identified in Section 5.4. Namely, the requirements should be translated into prototype
features. The following overview contains a trace table in which the requirements (Section
5.4) are mapped against the prototype features. Next, explanations are briefly given in
order to understand the realization of the requirements. These are more extensively
discussed by means of screenshots of the prototype in Section 6.3.
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6.3 Screenshots

This section explains how the features are operationalized by means of screenshots. In this
way it should become clear what the prototype looks like in practice. For the reason of
confidentiality, the regions, query sets and query names are blanked. This should not make
a significant difference in understanding the functional descriptions given.
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Chapter: 7 Validation

With the prototype available from Chapter 6, this chapter continues with validating its
efficiency and effectiveness in the SIEP business. Section 7.1 starts with introducing the
experiment in terms of the theoretical model and methodology. Section 7.2 then analyses
and discusses the outcomes of the quasi experiment.

7.1 Experiment

To validate the prototype, empirical testing can be conducted by means of an experiment.
As in Section 3.3, when the researcher has no control over all factors that can be of
influence, the study is referred to as a quasi experiment. This is different from a normal
experiment because there is no rigor design and control group used, the treatment group is
not randomly selected and the independent variable not manipulated. To validate the
prototype, a theoretical model is required that can measure the new system design. Next a
corresponding questionnaire is developed and the test group determined.

7.1.1 Technology Acceptance Model (TAM)

To ensure successful implementation of the design artifacts it is important to validate the
prototype against a research model that links system features to user acceptance ultimately.
A recognized and well-established theory is the Technology Acceptance Model (TAM)
[43]. This causal model is developed to understand and improve user acceptance by the
design of the information system. After all, the “lack of user acceptance has long been the
impediment to the success of new information systems’ and thus ‘has become a pivotal
factor determining the success or failure of IT projects’ [43]. The author has combined
information systems research with psychological responses to develop a causal relationship
between system features, perceived usability, attitude and behavioral actions (Figure 25).

Figure 10: Technology Acceptance Model [43]
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7.1.2 Methodology
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7.2 Quantitative Analysis

This section contains the statistical analysis of the experiment. To be able to analyze the
retrieved answers, the statistical program SPSS was used. Since the respondents filled out
their answers in a Word-document and were sent piecewise by email to the researcher, they
had to be manually populated into SPSS.
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7.3 Qualitative findings
Besides the quantitative measures in Section 7.2, the respondents were also questioned for

their opinions on the prototype. This section presents the findings of this qualitative
analysis. It concludes with summarizing the overall findings and drawing final conclusions

for this research.
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7.4 Conclusion
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Chapter: 8 Discussion & Future Research

This last chapter draws the final conclusions of this research, discusses the corresponding
recommendations and finally comes up with suggestions for future research; both for the
academic field and SIEP. Section 8.1 starts with answering the research question in terms
of the realized improvements for the Dashboard. Also the guidelines for design-science
are evaluated. Then, Section 8.2 takes the conclusions as point of departure in order to
formulate the final recommendations. As such it discusses the identified problem
statements (Section 1.2), the developed solutions and finally an action list to successfully
implement these. Finally, Section 8.3 presents suggestions to continue this work. A
distinction is made between further research for the scientific world and SIEP.

8.1 Conclusions

To benchmark the data quality approach (tools, controls and processes), a framework has
been developed to assess the current situation based on statements from scientific
literature. As a result, feasible improvement areas have been selected and validated in
order to improve the current practice. Therefore, findings and conclusions should be
discussed for both the SIEP business (practice) and academic world (new theory).

8.1.1 SIEP business
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8.1.2 Academic world

Next to the findings for the SIEP business, a number of important conclusions can be

drawn with regard to implications for the academic world. As such, the findings with

regard to TDQM, management dashboards and the proposed research model are

discussed.

e Total Data Quality Management
The TDQM theory by Wang et al. has played a major role in this study. After all, the
use of continuous improvement cycles (TDQM) has proven to be important for the
delivery of high-quality information products. An important conclusion of this
research is that data quality management in theory and in practice have quite some
commonalities. In fact, this confirms for both practice and the academic world, there
is mutual agreement on data quality management. On the other hand, subjects like the
Information Manufacturing System seem easy to realize in theory, but global
standardization projects in large organizations like SIEP require a lot of effort.
Theory often has a green field assumption, whereas practice has to deal with legacy
first.

e Management Dashboard
The advantages of a management dashboard become more and more clear these days.
Namely, literature contains a lot of case studies whereby organizations monitor and
steer their process with a set of instruments and controls. As most articles are about
case studies, kernel theories for a management dashboard are still lacking.
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As such there is no framework or manual available on what a dashboard should look
like or how it should be implemented. It might be due to the fact that a dashboard is
very context specific, which makes it hard to pre-define its context and design. For
this study a number of theories are combined that together formed a general
dashboard design (Section 5.2). Finally, as with the TDQM theory, it can be
concluded that the management dashboard arguments are recognized in practice and
they provided useful input to assess and improve the practice in SIEP.

Research Model

Whereas the TDQM and Dashboard theory existed for a couple of years, no
framework was available integrating both. As can be derived from Section 2.4, this
research proposes to connect a Management Dashboard as moderating variable to
each of the continuous improvement cycles; Define, Measure, Analyze and Improve.
This allows data quality managers to monitor performance indicators and optimize
their decision-making by efficiently and effectively integrating information systems.
As this research concerns a problem-solving design-science, this research model is
operationalized and applied to benchmark the current practices in SIEP. As most of
the improvements could be realized in the Analyze and Improve step, the developed
prototype has a specific focus on supporting these. The validation (Chapter 7) showed
significant improvements with regard to the usefulness, meaning the support in
SIEP’s data quality approach. This shows that the Dashboard has a direct relation
with data quality management and can make contributions to improve the data quality
practice. Although the impact of the prototype on the delivery of high-quality data is
not measured in this research, the users have indicated it increases the productivity,
control, quality and effectiveness of their data quality job (Section 7.2).

Nevertheless, it also has to be concluded that a management dashboard cannot be
employed to support all the tasks and activities in TDQM. Especially the role in the
Define step is questionable. After all, the organization should first define vision,
quality dimensions, metrics and stakeholders before a dashboard can even be
implemented. Furthermore, the dashboard cannot support all the tasks for the Improve
step either. For example, it can help to identify and prioritize improvements but it is
up to the data quality manager to follow-up on the issues and to correct the data
himself.

8.1.3 Design-Science

Another important aspect in the discussion of this research is the set seven guidelines to
conduct a problem-solving design science (Chapter 3). As such each guideline is
reflected and evaluated here separately [47]:

Guideline 1: Design as an artifact

As the prototype has significantly proven improvements over the current practice, it
can be concluded that this artifact is a purposeful and innovative IT solution. Next to
the development of the prototype (instantiation), this research also delivers a new
theoretical model (method) to benchmark the data quality management practices in an
organization. After all, it can be concluded that two important artifacts (instantiation
and method) are designed and delivered by means of this research.
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Guideline 2: Problem relevance

The second guideline requires the delivery of a solution that is relevant to the
organizational problems. Both the quantitative and qualitative findings of the quasi
experiment show that the prototype solves the identified problems.
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Overall, it can be concluded that the deliverables of this research are relevant to the
problem and solve the identified issues.

Guideline 3: Design evaluation

The design artifact is validated both quantitatively and qualitatively. A quasi
experiment in combination with the well-established Technology Acceptance Model
was used to evaluate the effectiveness of the solution artifact. Nevertheless, to obtain
more reliable outcomes a more rigorous experiment should be applied and the
efficiency of the prototype measured in the business environment. After all, despite
improvements can be realized in the design evaluation, it can be concluded that the
used methodology is sufficient to obtain reliable results.

Guideline 4: Research contributions

Logically every research should have a contribution, either in terms of its novelty,
generality and significance. As Section 3.4 explained, this research basically
contributes to all these three areas. Novelty because a newly designed prototype is
delivered to the business (practical). And a new theoretical model combining TDQM
with management dashboard theory is build (academic). Generality because the
developed benchmark and dashboard design principles are applicable to any other
domain as well. Significance because the outcomes of this research contain important
findings to extend the existing knowledge bases. Overall, it can be concluded that this
research has significant contributions to each of the three areas.

Guideline 5: Research rigor

The fifth guideline concerns the methodology used to conduct the research, meaning
the extent to which rigorous methods are applied to construct and evaluate the
solution. To assure a rigorous research design and process, a number of formal
methodologies is used; like the guidelines for a structured literature review (Chapter
2), design-science (Chapter 3) and validation (Chapter 7). In addition, different data
sources are important for triangulation, which requires several sources to be used in
order to check consistency between the sources. The internal-, external- and construct
validity and reliability play an important role in the research rigor as well. As in
Section 3.5, the internal validity can be improved by running a rigorous experiment
rather than a quasi experiment. Also, the external validity of the scientific conclusions
can be improved by applying the research model to more cases than only this single
one. Furthermore, this study is reliable as all the methods and processes are
extensively documented, allowing for repetition of this research. Thus, despite a
couple of improvements available, it can be concluded that rigorous methods are used
to conduct this research.
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e Guideline 6: Design as a search process

Because design-sciences are subjected to iterative development, continuous alignment
between stakeholders and revision of scope are important considerations. As
explained in Section 1.4, a proper project structure is used to guide the search and
development process. In addition, a variety of data sources (archives, documentation,
colleagues and direct observation) are used to obtain a comprehensive and consistent
picture of the SIEP practices. Since all stakeholders are closely involved and strict
guidelines implemented, it can be concluded that the right actions are taken and
resources utilized to design and deliver the solution artifact.

e Guideline 7: Communication of research

This final guideline requires effective presentation of the research outcomes and
developed solution artifacts. The most important communication means are this
master thesis and the final defense at the university. Next, two presentations in SIEP
were given to communicate the main findings of the benchmark and present the
developed prototype to the key stakeholders. Finally, the key outcomes and
conclusions will be summarized in a scientific article, which hopefully will be
published in one of the Top 25 IS journals. After all, it can be concluded that the
findings of this research are communicated through a variety of means and domains.

8.1.4 Overall

To start with the previous discussion, it can be concluded that this research fulfills the
guidelines, apart from a couple exceptions, that are required for a proper design-science.
As such, the findings and conclusions are considered reliable and based on scientific
grounds.
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On the academic side, SIEP served as a suitable case to test the proposed research model.
The validity and the importance of the theory are confirmed in this case study. Although
the external validity is not very strong yet (single case), the findings contain important
contributions to the existing scientific knowledge base.

8.2 Recommendations

This section discusses the recommendations that are the result of this research. First of
all, the initial problem statement is repeated to refresh the memory of the situation this
study tends to improve (Section 1.2). Then the two solutions are presented and elaborated
in more detail. This section concludes with a number of considerations for this research.

8.2.1 Problem statement
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8.2.2 Solutions
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8.2.3 Action list
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8.2.4 Considerations

Despite a rigorous methodology (Chapter 3) is applied for this research, a couple of
considerations have to be discussed. First of all, the developed theoretical model is only
tested with a single case study at SIEP, which implies it is difficult to attain external
validity. This means that one should be careful with generalizing the findings from one
situation to reliable theories or application in other domains. Furthermore, the theoretical
model is not empirically tested and quantitatively validated. This means that this model
needs further research before it can be reliably applied to other organizations. With
regard to the validation of the prototype, a quasi experiment is used rather than the more
rigorous experiment. To increase the confidence and strengths of the correlations, the
following issues should be considered: use of a control group, random selection of the
treatment group and manipulation of the independent variable.

In addition, an experiment is always based on opinions of users in this case; this might
affect the outcomes as they might answer with a biased view rather than based on reality
[51]. Not all experimental subjects are a professional in the data quality management
field, which means that they might lack expertise and knowledge to give reliable answers
[51]. Finally, the fact that a prototype is developed rather than a real system might affect
the validity and reliability of the findings for the longer term as well [51]. Overall, it can
be concluded that the outcomes of this study are valid and reliable within the SIEP
domain. But additional research and empirical study is necessary to generalize the
findings to reliable theories and apply them in other domains.

8.3 Future Research

Based on the considerations from the previous sections, this final section discusses
suggestions for future research more concretely. The sub-sections present directions to
respectively improve the SIEP practice and the academic work.

8.3.1 SIEP business
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8.3.2 Academic world

This study has developed new academic insights that can be extended by conducting

research in the following directions:

o Business Case development
According to theory, managers often assess data quality based on their intuitiveness,
familiarity and experience with their data sets [14]. Furthermore, they are unaware of
their role in the value chain (e.g. bullwhip effect) and are not committed if their value
delivery and return are not equivalent [49].
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o Governance
Despite different stakeholders are discussed for both data quality management and
dashboard, there is no commonly agreed governance structure for the here proposed
integrated approach. A clear decision- and responsibility structure is necessary to
govern the processes and systems corresponding to managing data quality with a
dashboard. After all, for data quality follow-up and improvement it is important to
know who the data owners, administrators and custodians are. As these can be
different units or employees, there needs to be a consistent and clear governance
structure.

o Business Process Management
Once Total Data Quality Management is successfully implemented, the next step
would be to embed data quality in other programs like Business Activity Monitoring
[31] and Business Performance Management [39]. Then data quality can become an
integral part of overall business performance measurement. Interesting to research
would be the integration of data quality in existing programs like (Lean) Six Sigma or
Operational Excellence. Whereas this research has shown the success of employing a
dashboard for TDQM, it would also be interesting to study the role of a dashboard in
these programs.

o Generalization and Certification
As discussed in the external validity, generalizing the findings in this research
requires replication and testing in other domains. For example, to be done by studying
whether the conclusions apply to information management as well or develop kernel
theories for data quality management [50]. The latter prescribe which choices to make
given a given set of (organizational) conditions.
As this requires multiple case studies, but also in general, supplementary research
should investigate the current data quality practices in other organizations or sectors.
With a benchmark being developed in this study, it should be more convenient to
conduct this benchmark now. Taking this idea to a further level brings us to data
quality certification. Although certificates exist for quality management topics, like
the 1SO 9000 series and Balridge National Quality Program, there is no well-defined
certificate for data quality yet.
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Appendix B: Top 25 IS Journals

The following table gives an overview of the world ranking of the IS journals, as
constructed by [44]. Usually the Top25 is used for master graduation projects.

WORLD TITLE WORLD TITLE WORLD TITLE
RANK RANK RANK
| MIS Quarterly 18 Communications of the AlS 35 Journdl of Information Systems
2 Communications of the ACM 19 IEEE Computer 36 The Information Society
3 IS Research 20 Journal of Strategic IS 37 Journal E-U Computing
4 Journal of MIS 21 Admin. Science Quarterly 38 Info Resources Mgmt Journal
5 Management Science 22 Academy of Mgmt Review 39 Interfaces
6 |EEE Transactions (various) 23 Intl Journal of E-Commerce 40 EM - Electronic Markets
7 Harvard Business Review 24 ACM Computing Surveys 41 Journal of CIS
8 Decision Sciences 25 Accounting, Management & IT 42 European Journal of OR
9 Decision Support Systems 26 ACM SIG Publications 43 Operations Research
10 Information and Management 27 IT and People 44 Intl Journal of H-C Studies
Il European Journal of IS 28 IBM Systems Journal 45 Journal of the ACM
12 Sloan Management Review 29 OMEGA 46 Australian Journal of IS
13 ACM Transactions (various) 30 Journal of the AIS 47 Org. Behavior and Human Dec.
14 Data Base 31 Journal of Org., Comp. and EC 48 Behavior and IT
15 Organization Science 32 Human-Computer Interaction 49 Scandinavian Journal of IS
16 Information Systems Journal 33 Infermation Systems Management 50 Computer Journal
17 Academy of Management Journal 34 Int! Journal of Man-Machine Studies

Figure 11: World Ranking IS journals [44]
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Appendix C: Concept matrixes

Since two types of searches are conducted, also two concept-matrixes have to be made.
The first matrix lists the 21 relevant articles regarding Total Data Quality Management
and its context in data quality management, mainly by Richard Y. Wang and Yang W.
Lee. The second matrix contains the 22 relevant articles relevant for the dashboard
subject (data quality and management). Important to mention is that the sequence of both
listings is meaningless.

TDQM

Table 3 shows the concept-matrix for the relevant articles concerning Total Data Quality
Management. By reading the articles more closely it appeared that some especially focus
on the TDQM method and its cycle elements. While on the other hand, many articles
mention it as important tool for data quality management. From this perspective also
other important aspects of data quality are discussed; among its definition, dimensions
and stakeholder management. Logically, these different topics have become the concepts.

From the matrix it can be concluded that a lot of attention is being paid to the definition
and problems related to data quality. Though these address different areas, they are put
together in one concept. Namely, many articles that discuss the definition also elaborate
on data quality problems. Another interesting finding is the relation between Information
Product, (Process) Management and Anchoring & Cycles. This basically refers to the
institutionalization of data quality in the organization. To be realized by taking the
product view on information and managing the production processes by implementing
TDQM. Another interesting concept is stakeholder management; different roles and
responsibilities are distinguished and the related know-how is discussed in the light of
data quality.

[See next page]
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Table 3: Concept-Matrix TDQM authors

Definition & Information Quality System (Process) Anchoring &
Problems Product Dimensions Design Management Cycles
[1] v v
[2] v '
€] v v v v
[4] v v v
[5] v Vv
[6] v ' \
[7] v v v v
[8] v v v v
[9] v v v
[10] v v v
[11] v v
[12] v '
[13] v v
[14] v v
[15] v
[16] v v
[17] v v v
[18] v v v
[19] v v
[20] v v
[21] v Vv

Dashboarding

Table 4 displays the concept matrix for the second search, respectively data quality- and
management dashboards. Since Shell’s Global Dashboard mainly concerns data quality,
first only this key word was search for. But with insufficient results, the search was
generalized by also incorporating management dashboards. As with the TDQM articles,
some articles discuss data quality dashboard itself while others address it from a broader
data quality management perspective. For example, topics like the (dis)advantages, tools
& features and architecture.

A remarkable conclusion from the table is that many articles encompass a case study. An
implemented dashboard is usually taken as case study and is used in order to elaborate or
explain some particular aspects. Theories like project management and system design are
discussed and applied on the case study. Because the variety of dashboards, the subjects
differ and the focus is context dependent. Unfortunately there is no framework available
that can be used for discussion or benchmarking. It can be concluded that most of the
scientific literature is concerned with case studies instead of developing kernel theories
that are generally applicable.
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Table 4: Concept-matrix Dashboarding

(Dis-) Project Design Tools & Case Study Products Architecture
Advantages  Management Features (packages)
[22] v v
[23] v
[24] v v
[25] v v v
[26] v v
[27] v v
[28] v v
[29] v v v
[30] v
[31] v v Vv
[32] v
[33] v v
[34] v
[35] v v
[36] v Vv
[37] v v
[38] v Vv Vv
[39] v v
[40] v v
[41] v
[42] \ i
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Appendix D: Critical Business Activities
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Appendix E: Quality Dimensions in SIEP
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Appendix F: System Architecture
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Appendix G: Questionnaire

Strongly

Strongly
Perceived Ease-of-Use disagree  Neutral mci'
1. 1 find the data quality dashboard cumbersome to use. 1 2 3 4 5
2. Learning to operate the data quality dashboard is easy for me.
3. Interacting with the data quality dashboard is often frustrating l; 2 3 4 5
4. 1 find_it easy to get the data quality dashboard to do what | 1 2 3 4 5
want it to do.
5. The data quality dashboard is rigid and inflexible to interact 1- 2 3 4 5
with.
6. Itiseasy for me to remember how to perform tasks using the 1 2 3 435
data quality dashboard 1 2 3 4 5
7. Interacting with the data quality dashboard requires a lot of
mental effort. 1 2 3 4 5

8. My interaction with the data quality dashboard is clear and
understandable.

9. Ifind it takes a lot of effort to become skillful at using the data 1 2 3 4 5
quality dashboard
10. Overall, | find the data quality dashboard easy to use 1 2 3 4 5
Strongly ’
Perceived Usefulness umgi& Neutral 5:’:;5“
1. Using the data quality dashboard improves the quality of the 1 2 3 4 5
work | do
2. Using the data quality dashboard gives me greater control over 1 2 3 4 5
my work. L @ A
3. The data quality dashboard enables me to accomplish tasks ’
more quickly i 2 3 4 5
4. The data quality dashboard supports critical aspects of my job
5. Using the data quality dashboard increases my productivity 1 2 3 4 5
6. Using the data quality dashboard improves my job performance ' 3 3 A s
7. Using the data quality dashboard allows me to accomplish
more work than would otherwise be possible 1 2 3 4 5
8. Using the data quality dashboard enhances my effectiveness on
the (data quality) job t 2 3 4 5
9. Using the data quality dashboard makes it easier to do my (data 1 2 3 4 §
quality) job
10. Overall, 1 find the data quality dashboard useful in my (data 1 2 3 4 5
quality) job

Additional Questions Asked

1. What is your first impression (is it an improvement)?

2. Does the dashboard support you better in prioritizing quality improvements?
3. Do you have any suggestions for further improvement?

4. Do you have final comments you would like to make?
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Appendix H: Stakeholders
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